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Abstract: Development of microsatellite markers for sunflower (Helianthus annuus L.) was performed to estimate their
frequency, nature (structure), levels of polymorphism, usefulness for genotype identification, and calculation of genetic
relationships between inbred lines representing the species diversity. Isolation was performed from a small-insert genomic
library followed by hybridization screening using oligonucleotide probes containing different nucleotide arrays. In this
work, 503 unique microsatellite clones were sequenced and 271 PCR primer sequences bordering the microsatellite repeat
were designed. For polymorphism assessment, 16 H. annuus germplasm accessions were checked and 170 of the primers
tested were shown to be polymorphic for the selected lines. The polymorphic microsatellites produced an average of
3.5 alleles/locus and an average polymorphism information content (PIC) of 0.55. The most frequently found motifs
within polymorphic simple-sequence repeats (SSRs) were: (GA)n, (GT)n, (AT)n, followed by trinucleotides (ATT)n, (TGG)n,

and (ATC)n, and the tetranucleotide (CATA)n. Most of the 170 SSRs obtained showed important differences in the 16
reference inbred lines used for their characterization. In this work, 20 of the most informative SSRs destined to sunflower
genotyping and legal fingerprinting purposes are fully described.
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Résumé : Le développement et caractérisation de marqueurs microsatellites chez le tournesol (Helianthus annuus) ont
été accomplis pour estimer leur fréquence, naturesse (structure), niveau du polymorphisme, utilité pour l’identification
et calcule des relations génétiques entre lignées endocries qui représentent la diversité génétique du tournesol. L’isolement
a été accompli en utilisant une banque génomique de petits inserts de tournesol. Dans ce but, le criblage basé sur
l’hybridation a été effectué en utilisant des sondes oligonucléotidiques composées de différents arrangements de nucléotides.
503 clones microsatellites positifs ont été séquences et 271 séquences d’amorces adjacentes à ces microsatellites ont
été synthétisées. Pour l’évaluation du polymorphisme, 16 sources de accessions du H. annuus ont été vérifiées et 170
des amorces testées ont montré un polymorphisme pour les lignées étudiées. Les microsatellites polymorphiques ont
produit une moyenne de 3.5 allèles par gène et une moyenne de 0.5 PIC (contenu en information de polymorphisme).
Les motifs les plus fréquemment trouvés dans les SSR polymorphes étaient: (GA)n, (GT)n, (AT)n, suivis des trinucléotides
(ATT)n, (TGG)n et (ATC)n et du tetranucléotide (CATA)n. La majeure partie des 170 séquence simple répétitive (SSR)
obtenues ont montré des différences importantes dans les 16 lignées pures de référence utilisées pour sa caractérisation,
20 des SSR les plus instructives en termes d’information destinée à la détermination de génotypes de tournesol, et
d’empreintes digitales dans un but légal, sont amplement décrits dans ce travail.

Mots clés : tournesol, marqueur moléculaire, microsatellites, séquence simple répétitive.
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Introduction

Sunflower (Helianthus annuus) is the second most important
oil crop worldwide, after soybean. Despite its economical
importance, sunflower molecular genetics and genomics
have remained unexplored until the last five years, during
which four restriction fragment length polymorphism
(RFLP) linkage maps of cultivated sunflower were published
(Berry et al. 1995; Gentzbittel et al. 1995, 1999; Jan et al.
1998; Gedil et al. 2001). At the same time, genetic-diversity
and coancestry analyses were carried out using random ampli-
fied polymorphic DNA (RAPD) (Arias and Rieseberd 1995),
RFLP (Berry et al. 1995; Gentzbittel et al. 1995), and ampli-
fied fragment length polymorphism (AFLP) (Hongtrakul et
al. 1997, Cheres and Knapp 1998) techniques. Considering
that the progress in the genomic analysis of sunflower relies
on the availability of molecular markers having a high polymor-
phic content, INTA and a consortium of seed companies
have joined efforts for the isolation and characterization of
microsatellites.

Microsatellites, or simple-sequence repeats (SSRs), are
short sequence elements arranged in simple internal repeat
structure (Tautz 1989) that are densely and randomly distrib-
uted throughout eukaryotic genomes. The number of micro-
satellites has been shown to be highly variable within and
between species and subspecies. Because of their high muta-
tion rate, they constitute the molecular markers with the high-
est polymorphic information content (PIC). This characteristic
has promoted the application of microsatellites as molecular
markers in fingerprinting (Weising et al. 1995; Diwan and
Cregan 1997; Ashikawa et al. 1999), genome mapping (Ma-
rino et al. 1995; Broun and Tanksley 1996; McCouch et al.
1997; Röder et al. 1998; Winter et al. 1999; Scotti et al.
2000), phylogenetic and genetic relationship studies
(Goldstein and Pollock 1997), marker assisted breeding, and
population genetics (Goldstein et al. 1999). In addition to being
highly polymorphic and well represented within eukaryotic
genomes, the advantages of microsatellites as molecular mark-
ers include their codominant inheritance, easy scoring of the
alleles, reproducibility, and accessibility to laboratories lack-
ing highly sophisticated analysis equipment. These character-
istics have strongly encouraged the microsatellite
development in different plant species such as soybean
(Glycine max; Akkaya et al. 1992; Morgante and Olivieri
1993; Cregan et al. 1994; Rongwen et al. 1995; Maughan et
al. 1995), rice (Oryza sativa; Wu and Tanksley 1993; Panaud
et al. 1995; McCouch et al. 1997), maize (Zea mays; Senior
and Heun 1993), grape (Vitis vinifera L.; Thomas and Scott
1993), Arabidopsis thaliana (Bell and Ecker 1994), wheat
(Triticum aestiviun L.; Röder et al. 1995), rapeseed (Bras-
sica napus; Kresovich et al. 1995), kiwifruit (Actinidia
chinensis; Weising et al. 1996), common bean (Phaseolus
vuglaris; Yu et al. 1999), pine (Pinus strobus; Echt et al.
1996), chickpea (Cicer arietinum L.; Hüttel et al. 1999), let-
tuce (Lactuca sativa L.; van de Wiel et al. 1999), and others.
The results of these surveys confirmed that microsatellites
are also abundant and well distributed in plant genomes.

This work describes the survey of microsatellite markers
in sunflower to estimate their frequency, nature (structure),
ease of clean, locus-specific marker development, levels of
polymorphism, usefulness for genotype identification, and

calculation of genetic relationships between inbred lines
representing the species diversity.

Materials and methods

Plant material
DNA from a commercial hybrid was used for the

development of genomic libraries. Sixteen elite inbred sun-
flowers, described in Table 1, were used to screen for
microsatellite polymorphisms. Ing. Agr. Carlos Sala (Nidera
S.A., Venado) and Ing. Agr. Guillermo Pozzi Jáuregui
(Tuerto, Argentina) kindly provided details on the pedigree
information of these inbred lines. Part of this information is
available at http://www.ag.ndsu.nodak.edu/aginfo/seedstock/
varieties/VH-SUNF.htm.

Construction of small insert genomic library
Plants were grown in the greenhouse and total DNA was

extracted from leaf tissue belonging to a single plant by
cetyltrimethylammonium bromide (CTAB) protocol (Saghai-
Maroof et al. 1984) and quantified by gel-electrophoresis
staining comparison. Single- and double-digestion assays
were conducted using different enzymes such as AluI, DraI;
HaeIII, HinfI, HhaI, MseI, SspI, and Tsp509I. Finally, 10 µg
of sunflower genomic DNA were digested with Tsp509I
(New England Biolabs, Beverly, Mass.) and fragments from
300 to 700 bp in size were isolated from agarose gels using the
QiaEx purification kit following manufacturer recomendations
(Qiagen, Hilden, Germany). The selected fragments were li-
gated into the EcoRI restriction endonuclease site of the λ -
Zap II vector (Stratagene, La Jolla, Calif.). The library was am-
plified in Escherichia coli DH5αF′ according to manufacturer
instructions. The efficiency of the library was 5 × 105 and 4.4 × 108

plaque forming units (PFU)/mL after amplification.

Isolation of clones containing microsatellite motifs
The library was plated and plaque lifts were made using

Hybond N+ filters (Amersham-Pharmacia, Little Chalfont,
Buckinghamshire, U.K.). The phage filters were probed with
a set of 32P-labeled synthetic poly di-, tri-, and tetra-
nucleotides. The oligonucleotides were labeled using either [
α-32P]dCTP (specific activity 3000 Ci/µg, New England Nu-
clear, Boston, Mass.) and a random primer labeling kit
(Prime-a-gene, Promega, Madison, Wis.) to label guanosine-
containing oligonucleotides, or [α-32P]dATP (specific activ-
ity 3000 Ci/µg, New England Nuclear) to label timidine-con-
taining oligonucleotides. Filters probed with (GA)- or (GT)-
rich motifs were prehybridized and hybridized in PAES-based
hybridization mixture (0.1% polyanetholesulfonic acid
(Sigma, St. Louis, Mo.); 0.01% sodium pyrophosphate, 1%
SDS; and 2.5% 20× SSPE buffer (Sigma)) for 16 h at 55°C
and then washed 5 min at room temperature with a strin-
gency of 6× SSC and 0.1% SDS, followed by 4 min at 50°C
with the same stringency. Filters probed with AT-rich motifs
were hybridized at 40°C and then washed twice at room
temperature with a stringency of 6× SSC and 0.1% SDS in a
procedure similar to that described by Sambrook et al.
(1989). Screening of the libraries was performed by making
two rounds of plaque hybridizations. Positive clones were
identified by autoradiography.

© 2002 NRC Canada
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Nucleotide sequencing and primer design
Positive clones were isolated and excised from the λ-Zap II

vectors using the Exasist/SOLR system (Stratagene) and
plasmids were sequenced using the Sanger protocol and a
DNA ABI 373 automatic sequencing device (Perkin Elmer,
Foster City, Calif.). Sequences were edited manually to re-
move vector and ambiguous sequences at the ends. The
trimmed sequences were stored as a text file to be compared
by pairwise alignment against a data base containing all the
sequences accumulatively generated by this project. In this
process, those regions containing microsatellite repeats were
filtered with the purpose of avoiding spurious similarities.
Those pairs of sequences showing similarity greater than
85% were considered redundant. Finally, primers for unique
sequences flanking the microsatellite motif were designed
using a combination of computer programs, such as Primer 3
(Rozen and Skaletsky 1998), and visual selection.

PCR amplification and evaluation of polymorphism
To estimate the degree of polymorphism, the previously

mentioned 16 inbred lines were evaluated for each
microsatellite after gel electrophoresis of the amplified se-
quences using standard denaturing polyacrylamide sequenc-
ing gels. DNA was prepared as described above, starting
from 1 g of leaf tissue belonging to a pool of plants from the
same inbred line. Thus, in those few cases where 2 micro-
satellite bands (alleles)/locus were detected, we cannot de-
termine if it was due to heterogeneity of the inbred line or
heterozygosity of any of the individual plants. PCR reactions
were performed in a total volume of 12 µL using a PT-100
DNA thermocycler (MJ Research Inc., Watertown, Mass.).
The reaction mixture contained 30 ng of genomic DNA,
1.5 mM MgCl2, 0.2 mM of each deoxyribonucleotide,

0.25 µM each of 3′- and 5′-end primers, 1× PCR buffer
(Promega), and 1 U Taq DNA polymerase (Promega). The
amplification reaction was performed by enrichment of tem-
plate by a touch down of 70–55°C or 68–50°C according to
the annealing temperatures of the pair of primers tested. The
enrichment step was followed by 25 cycles, each consisting
of a 94°C denaturing step (60 s), the lower annealing tem-
perature of the pair of primers (60 s), and a 72°C elongation
step (60 s). After the PCR reaction, the amplification prod-
ucts were resolved by electrophoresis on denaturing
polyacrylamide gels (6% acrylamide/bisacrylamide, 20:1,
8 M urea in TBE (pH 8.3)). Bands were revealed using a se-
quencing gel silver-staining kit (Promega).

Data collection and analysis
Genetic diversity was measured by evaluating the differ-

ences in allele number per locus, polymorphic index content,
and similarity values. The amplification profile for each
microsatellite was scored visually and independently twice. Am-
biguous data were re-examined in a new electrophoresis run.

The degree of polymorphism was quantified using the
polymorphic information content (PIC, Anderson et al.
1993), also referred to as “expected heterozygosity” by
Powell et al. (1996) for soybean or “diversity index” by
Milbourne et al. (1997) for potato

PIC = − ∑1 2pg
i

n

where pg is the frequency of an individual genotype. Bands
with the same mobility were considered identical, receiving
equal values. SSR markers were usually considered to reveal
a single locus per primer combination. The presence of only
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Inbred lines Pedigree Location of breeding or reselection Commercial use

H 52 Putatively Romanian germplasma South Africa Oilseed maintainer
HA 61 ‘953-88-3’/‘Armavirski 3497’ U.S.A. Oilseed maintainer
HA 89 ‘Vniimk 8931’ U.S.A. Oilseed maintainer
HA 292 ‘Commander’*3/’Mennonite RR’b U.S.A. Non-oilseed maintainer
HA 303 ‘Voshod’ U.S.A. Oilseed maintainer
HA 369 ‘Teguá INTA’ (Arg. 8018) Argentine Oilseed maintainer
HA 370 ‘RK-74-198’ South Africa Oilseed maintainer
HA 821 ‘HA 300’ (derived from ‘Peredovik 301’) U.S.A. Oilseed maintainer
HA-R2 ‘Impira INTA’ Selection 5 Argentine Oilseed maintainer
HA-R3 ‘Charata INTA’c selection Argentine Oilseed maintainer
HA-R5 ‘Guayacán INTA’d selection Argentine Oilseed maintainer
KLM 280 ‘KLM’e selection Argentine Oilseed maintainer
RHA 274 (‘cmsPI343765’/‘Ha119’/‘Ha64-4-5’)/T66006-2f U.S.A. Oilseed restorer
RHA 293 ‘HA155’/‘HIR34’/2/‘RHA282’ U.S.A. Non-oilseed restorer
RHA 374 ‘Arg-R43’ U.S.A. Oilseed restorer
V 94g ‘Mp543’* h./H. argophyllus Argentine Oilseed maintainer

a‘H52’ is an accession putatively originating from Romanian germplasm bred in Potchestfrom, Transvaal, South Africa.
bThird generation backcross of ‘Mennonite RR’ to ‘Commander’.
c‘Charata INTA’ was obtained by interspecific crossings with wild germplasm belonging to species H. annuus subsp. annuus and H. petiolaris.
d‘Guayacán INTA’ derived from a cross between the Argentine variety Klein and ‘CM953-102’ and backcrossed once again with ‘Klein’.
e‘KLM’ is a multiple cross between cultivars Klein × Local (a pool of local varieties of INTA Pergamino breeding program like ‘Guayacán INTA’, ‘Charata

INTA’, etc.) × ‘Manfredi’ (a pool of varieties from INTA Manfredi breeding program like ‘Impira INTA’, ‘Cordobés INTA’, ‘Manfredi INTA’, etc.).
fT66006-2 comes from Peredovik*2/953-102-1-1-41.
g‘V94’ is another Argentine selection of a cross between cultivated sunflower (‘MP543’) and wild species (H. argophyllus), ‘MP543’ derives from ‘MPRR’

(mezcla precoz resistente a roya; pool of early material resistant to sunflower rust), which also derives from wide crossings with Helianthus wild species.

Table 1. Description of the inbred sunflower lines used for polymorphism screening.
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one allele of a given microsatellite was considered a homo-
zygous state of the allele, assuming the absence of null al-
leles.

Presence or absence of each band was coded as 1 or 0, re-
spectively, in a binary data matrix (BDM). In the case of
primers revealing more than one band (owing to the pres-
ence of heterozygous plants or heterogeneity between plants
belonging to the same inbred line; Fig. 1, Ha432-ar), both
alleles were scored. No attempts to calculate and include rel-
ative frequencies of the different microsatellite alleles within
each inbred line were carried out. In the case of primers re-
vealing more than one locus at the same time, only one of
the two loci was taken into account (Fig. 1, Ha204-ar and
Ha683-ar). This was done to avoid scoring two different
variables that are probably not independent (theoretically

these loci are frequently closely linked from the genetic
point of view, thus describing the same genomic region; see
Discussion).

Similarity analyses were conducted using a complete
BDM comprising data from the analysis of 170
microsatellites and estimated with the NTSYS 1.8 program
(Exeter Software, Setauket, N.Y.; Rohlf 1992) using the
Jaccard association coefficient of similarity (Sneath and
Sokal 1973). The resulting pairwise similarities were ex-
pressed as triangular similarity matrices. Cluster analysis
were conducted by applying the SAHN option on similarity
estimates using the unweighted pair-group method arithme-
tic average (UPGMA) and the resulting clusters were ex-
pressed as dendrograms using the option TREE PLOT. To
estimate the magnitude of distortion of the dendrogram, the

© 2002 NRC Canada
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Fig. 1. Characterization of different microsatellite-containing repeats by silver-stained denaturing PAGE of PCR amplification products.
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cophenetic matrix was computed and correlated with the
similarity matrix using the MATRIX PLOT function.

A second BDM was constructed including data from a se-
lected group of 20 highly polymorphic microsatellites to
evaluate the fingerprinting potential of these markers.

Results

Library construction and microsatellite screening
Sunflower genomic DNA was cut with several restriction-

endonuclease combinations. Among them, Tsp509I was
selected based on the size of the fragments obtained and the
compatibility of the digested DNA sticky ends with the
EcoRI-produced sticky ends in the vector DNA. Thus,
Tsp509I-digested H. annuus DNA was cloned in the EcoRI
site of λ-Zap II vector with an efficiency of about 5 × 105

PFU/mL. Assuming an average insert size of 250 bp, the
library covers about 1.25 × 108 bp, representing 4% of
H. annuus genome. This library was later amplified to reach
a total of 4.4 × 108 PFU/mL. Approximately 5.3 × 105 ± 0.5 ×
105 PFU were screened using 32P-labeled oligonucleotide
probes containing (AG)n, (GT)n, and (TGG)n, and 3.2 × 105 ±
0.7 × 105 PFU were screened with probes containing (ATC)n,
(ATT)n, (TCT)n, (GAG)n, (CAG)n, (CATA)n, (GATA)n, and
(GGAT)n. A total number of 1856 putative positive clones
were identified. After a second round of plaque hybridiza-
tion, about 35% of these clones were not confirmed. The re-
maining positive clones were isolated and sequenced. To
identify redundancy, the raw sequence data were trimmed by
removing 5′ and 3′ vector sequences and comparing them
with the aid of a computer algorithm against a cumulative
sequence database, masking out those regions containing
microsatellite repeats. About 50% of the remaining se-
quenced clones were discarded by this procedure, returning
608 true, non-redundant, potentially useful sequences. The fre-
quencies observed per motif in this library were 3.7 × 10–4 ±
0.5 × 10–4 for (GA)n, 2.5 × 10–4 ± 0.3 × 10–4 for (GT)n, 8.9 ×
10–5 ± 1.1 × 10–5 for (TGG)n, 1.5 × 10–4 ± 0.4 × 10–4 for
(ATC)n, 1.4 × 10–4 ± 0.4 × 10–4 for (ATT)n, and 8.0 × 10–5 ±
2.3 × 10–5 for (CATA)n. The isolation of clones containing
microsatellite motifs like (CGG)n, (TTG)n, (TCT)n, (GAG)n,
(GATA)n, and (GGAT)n was due to their circumstantial asso-
ciation with any of the other motifs described above.

Primer design and evaluation
Primer pairs flanking the microsatellite motifs could be

designed for 54% of the remaining 503 useful sequences. In
the rest of the clones, too little flanking sequence was left

for primer design either on one or both sides of the
microsatellite motif. Forty-two percent of these primer sets
were derived from clones containing a GA motif, whereas
31% of the primers were derived from the GT motif, 9% of
the primers were derived from the TGG motif, 9% of the
primers were derived from the ATT motif, 5% of the prim-
ers were derived from the ATC motif, and 3% of the clones
were derived from the CATA motif.

Primer pairs were tested using the inbred line set, under
identical PCR conditions and two thermal regimes according
to the annealing temperature of each set. Of the primer sets
tested, 216 (79% of the total) produced PCR products of the
expected size, whereas the rest either failed to amplify or
produced a complex pattern of bands that was difficult to
evaluate. Of these 216 microsatellites, 170 produced clear and
reproducible banding patterns that showed polymorphisms
among sunflower lines on silver-stained polyacrylamide
electrophoresis gels (Fig. 1).

Polymorphic microsatellites description
The most frequent motifs found among the 170 polymorphic

SSRs characterized in this work were: (GA)n (38%) and
(GT)n (37%), followed by trinucleotide motifs (ATT)n (7.1%),
(TGG)n (6.5%), and (ATC)n (4%), and tetranucleotide motifs
(CATA)n (4%). These microsatellite sequences could be
classified as perfect, imperfect, and compound according to
Weber (1990). Fifty-seven percent of the polymorphic
microsatellites characterized in this work, comprising the six
analyzed microsatellite types, were classified as perfect
microsatellites (Table 2).

The imperfect and compound microsatellite types repre-
sent 43% of the polymorphic microsatellites studied. Com-
pound microsatellites were the most common of the two
types of complex repeats (Table 2). The association among
dinucleotide repeats was commonly found in the micro-
satellite structure of the clones analyzed in this work. The
most frequent association was (GA)n–(GT)n, followed by
(GT)n–(AT)n, and less frequently the three dinucleotide
repeats were found together. For both (GA)n and (GT)n
microsatellites, other associated repeats were trinucleotide or
tetranucleotide motifs. Perfect and compound (GT)n
microsatellites were often flanked by long stretches of
poly(C). Imperfect microsatellites, defined as those contain-
ing two or more strings of uninterrupted repeats broken up
by a stretch of nonrepeated bases, were more frequent in the
(GA)n motif. Usually, imperfect microsatellite motifs are in-
terrupted by repeat-like sequences mainly composed of the

© 2002 NRC Canada
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Polymorphic microsatellites

Motifs Perfect Imperfect and compound

Average TRN Average PIC Subtotal Average TRN Average PIC Subtotal Total

GA 15±4 0.5±0.2 34
GT 9±3 0.4±0.2 28 23±13 0.4±0.2 39 112
TGG 6±1 0.3±0.2 11

ATT 26±10 0.6±0.1 9
ATC 8±5 0.4±0.2 8 25±12 0.5±0.1 36 56
CATA 10±8 0.5±0.4 3

Table 2. Characterization of microsatellite sequences.
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same bases that constitute the basic motif of the micro-
satellite.

A wide range of repeat variation was observed among
members of these groups; the average tandem repeat number
(TRN) and the average PIC found per motif are presented in
Table 2.

Microsatellite polymorphism among sunflower inbred lines
The 170 polymorphic microsatellites produced an average

of 3.5 alleles/locus and an average PIC of 0.55 within the
reference group of 16 inbred lines. Analyzing the average
PIC of the different motifs (Table 2), it can be inferred that
there is a subtle association between the number of repeat
units and the polymorphism degree, and that those character-
istics can also be correlated with the presence of the AT-rich
motifs in the microsatellite structure. Furthermore, it was
observed that microsatellites containing trinucleotide motifs,
particularly (ATT)n, exhibited the largest differences in allele
size.

In relation to the quality exhibited by microsatellite ampli-
fication profiles, no association between stuttering (multiple
bands in a microsatellite allele) and specific dinucleotide
motifs was found. However, it was observed that amplification
products of (ATT)n, (TGG)n, and (GA)n motifs usually
produced few stutter bands, whereas (GT)n, (CATA)n, and
(ATC)n motifs exhibited a lower quality profile, but still
produced scorable bands.

Finally, some primer combinations evidenced the amplifi-
cation of multiple band patterns (see Fig. 1, Ha204-ar,
Ha432-ar, and Ha683-ar). This kind of amplification profile
can be explained by at least two main reasons:
(i) heterozygosity or heterogeneity of the inbred lines,
indicating that they are derived from heterozygous cultivar
selections; and (ii) presence of two (or more) duplicated
microsatellite loci (including their bordering sequences) in
the sunflower genome. The number of microsatellites
evidencing heterozygosity and (or) heterogeneity was 18
(out of 170), suggesting a high degree of inbreeding in the
analyzed lines. Six microsatellites that contain either imper-
fect (GA)n or compound (GA)n(GT)n or (GT)n(TA)n motifs,
look like they belong to duplicated genomic loci (Fig. 1,
Ha204-ar and Ha683-ar). This kind of amplification pattern
was described before by Akagi et al. (1998) in different spe-
cies of the genus Oryza.

It is generally assumed that commercial sunflower genetic
diversity is limited because of its extensive breeding as well
as the fact that the crop was introduced in most of the
important producing areas world wide (Eastern and Western
Europe, Argentina, South Africa, India; sunflower center of
origin is located in North America). Limited genetic vari-
ability in sunflower sometimes prevents the unambiguous
identification (fingerprinting) of new cultivars or hybrids
with the traditional morphological descriptors used for vari-
ety protection. To explore the use of the characterized
microsatellites as a tool for the elaboration of a unique geno-
type identification or fingerprint for sunflower hybrids, in-
bred lines, and varieties, a selected group of 20
microsatellites was analyzed. The potential number of
unique genotypes generated using just these 20 specific
markers is 565 740 according to the formula provided by
Brown et al. (1996). This formula considers the number of
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alleles as well as their relative frequency in the studied pop-
ulation (PIC) pointing out the maximum number of unique
combinations of microsatellite alleles that be can potentially
found in a given genotype. Therefore, with a rather limited
number of loci (20) it should be tentatively possible to
unequivocally fingerprint most of the existing commercial
germplasm. The sequences of the primers and amplified
microsatellite motifs of these selected markers are listed in
Table 3.

Another point of interest was to evaluate the use of these
microsatellite markers for the study of genetic relationships
within H. annuus sp. (the subspecies of cultivated sun-
flower). A similarity matrix was calculated to cluster the
data using the unweighted pair-group method with arithmeti-
cal average (UPGMA) algorithm. The average similarity co-
efficient among cultivars was 0.36, ranging from 0.44 for
related pairs of lines (RHA 274 and RHA374) to 0.24 for
KLM280 vs. HA89 pair of lines. Regression between
cophenetic and similarity matrices was high and significant
(r = 0.80,P < 0.05), reflecting a good fit. Genetically related
inbred lines clustered together at values of 0.44 or lower
(Fig. 2), suggesting that the chosen inbred lines are quite dif-
ferent between them, supporting the criterion by which they
were selected for polymorphism screening. The most diverse
genotypes are those of Argentine origin (KLM280, HAR2,
HA369, HAR5, V94, HAR3), which separate from the rest
at similarity values of 0.29. This can be easily explained by
the intensive utilization of wide interspecific crossing with
Helianthus petiolaris, Helianthus argophyllus, and
H. annuussubsp.annusin their breeding process, as well as
the use of striped-hull achene Russian sunflower germplasm
(instead of sunflowers with black-hull achenes used in

American, South African, or Western European breeding
programs). The exception is Argentine inbred line ‘HAR3’
derived from Russian variety ‘Peredovik 301’, which is also
an ancestor of inbred lines ‘HA821’ and ‘H52’. Thus, it is
not surprising that this line clusters together with American
and South African inbred lines and not with the other Argen-
tine lines analyzed here (Fig. 2). The two representatives of
the nonoilseed-type sunflower group (‘HA292’ and
‘HA293’) cluster together with a similarity index of 0.43,
coherent with their breeding history (i.e., separated from the
oilseed-type sunflowers). ‘RHA274’ and ‘RHA374’ are the
closest related lines analyzed here (although the similarity
coefficient is as low as 0.44). Both of them are restorer lines
for oilseed-type sunflowers. This cluster relates to the one
above because they share the cytoplasmic male-sterility do-
nor ‘cmsHA155’. At a similarity coefficient of 0.39, ‘HA89’
and ‘HA303’ group together. Both lines are derived from
traditional Russian varieties of the black-hull achene type
(associated with larger oil content) that also participate in
the genealogy of some of the inbred lines described above,
which explains why they group with the previous mentioned
genotypes, as well as with ‘HA61’, at a similarity coefficient
of 0.32.

Discussion

Primary screening by hybridization of a non-enriched,
amplified sunflowerTsp509I genomic library with different
di-, tri-, and tetra-nuceotide repeats resulted in the isolation
of 503 unique microsatellite-containing clones from 1200
hybridization-positive clones (42%). Primer pairs were
designed for 54% of these unique clones; about 78% of

© 2002 NRC Canada

40 Genome Vol. 45, 2002

Fig. 2. Dendrogram based on microsatellites. Sixteen sunflower accessions were analyzed with 170 primer pairs using NTSYS. Similarity
matrix was calculated to cluster the data using the unweighted pair-group method with arithmetical average (UPGMA) algorithm.
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these primers allowed the amplification of clear PCR prod-
uct bands, whereas 79% of the amplified PCR products
showed polymorphisms among 16 sunflower elite inbred
lines. The usefulness described for this library was compara-
ble to those reported for other nonenriched, as well as for
enriched, microsatellite libraries. For instance, Chen et al.
(1997), working with rice Tsp509I genomic library, identi-
fied 587 putative positive clones. About 24% of these clones
yielded unique microsatellite sequences. For 64% of them
primer sets could be designed, 73% allowed the amplifica-
tion of clear PCR products, and 94% of the amplified PCR
bands were polymorphic among the parental genotypes of a
mapping population. In contrast, Yu et al. (2000) sequenced
980 clones from a sunflower genomic DNA library enriched
for several dinucleotide and tetranucleotide microsatellite
motifs. Of these, 35.5% were unique sequences. Primer sets
were designed for 87% of the single clones, 74.5% of primer
sets amplified clean SSRs for genomic DNA, and 71% of
the amplified products evidenced polymorphisms among 16
elite inbred lines.

Inferences of microsatellite abundance in sunflower ge-
nome based on this data could not be carried out owing to
the high level of biased redundancy introduced by enrich-
ment of the library. Nevertheless, the frequency per motif
obtained for the Tsp509I library, gave an approximation of
microsatellite representation in sunflower genome, and
guided the current screening of non-amplified libraries in
our lab. Besides, the predominance of GA motifs over GT
motifs inferred here agrees with previously described results
for sunflower by Dehemer and Friedt (1998) on the basis of
nonradioactive probe hybridizations. This profile for
dinucleotide motifs was widely described in plant genomes
(Morgante and Olivieri 1993; Wang et al. 1994; Panaud et
al. 1995; Echt et al. 1996; Smulders et al. 1997; Hüttel et al.
1999). Another aspect observed in this work was the abun-
dance of AT-rich microsatellites found, preferably in associ-
ation with (GT)n and (GA)n motifs. This kind of association
was also observed in grasses (Röder et al. 1995; Taramino
and Tingley 1996). Regarding trinucleotide motifs, (ATT)n
was the most encountered, followed by ATC and (TGG)n.
This profile was different from that reported by Dehemer
and Friedt (1998) and not described in sunflower or lettuce
previously, which could be explained by the screening and
(or) enrichment strategy followed in those works. Our results
agree again with those reported by the same authors in rela-
tion to the predominance of (CATA)n among tetranucleotide
microsatellite repeats. Taken together, the representation of
microsatellite motifs in sunflower genome seem to follow
the general pattern described within plant genomes, where
GA-, GT-, and AT-rich motifs compose the most frequent
type of microsatellites.

The amplification rate of the 271 microsatellites isolated
in this work was high (78%), and comparable to other rates
obtained for primers derived from restriction-enzyme-
digested DNA library clones (Chen et al. 1997; Panaud et al.
1996), as well as for primers derived from enriched DNA
library clones (Yu et al. 2000; Van del Wiel et al. 1999).

The amplification of dinucleotide microsatellites did not
produce stutter bands as has been frequently reported in
other species (Cregan et al. 1994). However, differences
were observed in the amplification quality of some (GT)n-

containing microsatellites. This fact was also described for
maize and wheat (Taramino and Tingley 1996; Ma et al.
1996), where it was hypothesized that the poor quality ob-
served during (GT)n-containing microsatellite amplifications
could be a consequence of the high complexity exhibited by
this type of microsatellites.

Even with the rather selective group of breeding lines
used for polymorphism screening, and considering the nar-
row genetic background of cultivated sunflower, 79% of the
microsatellites analyzed evidenced polymorphism within the
sixteen sunflower inbred lines used for characterization. The
average PIC value of 0.50 and the average of 3.5 alleles/lo-
cus are comparable with the values found for lettuce micro-
satellites in 18 genotypes, even though 7 of the last belong
to a wider germplasm representation that include accessions
not normally used in commercial breeding (van de Wiel et
al. 1999).

As happens in other living species, the most frequent
polymorphic microsatellites belong to the dinucleotide class
of repeats (see Table 2). Regarding microsatellites contain-
ing trinucleotide repeats, those containing AT-rich motifs ex-
hibited the maximum level of polymorphism as well as the
widest allele size range observed among the studied motifs.
These characteristics, together with the fact that they mostly
amplify low copy number loci and produce PCR products al-
most free of band artifacts, reinforce the interest in
trinucleotide microsatellites as molecular markers for map-
ping and fingerprinting purposes.

A subgroup of polymorphic microsatellites produced the
amplification of multiple-band patterns. This happens,
mostly, only with some of the accessions and can be easily
attributed to heterozygosity or heterogeneity of the inbred
lines used for screening (see Fig. 1, Ha432-ar, for one exam-
ple). These double bands could correspond to two
microsatellite alleles belonging to the same locus, reflecting
that the segregation of the loci present in those inbred lines
descend from ancestors that are not 100% homozygous. In
other cases, a double-band pattern was observed in all the
genotypes (Fig. 1, Ha204-ar and Ha683-ar). This type of
amplification patterns has been explained in other species by
the occurrence of a duplication process within the genome
and evolution of families of repetitive sequences (Akagi et
al. 1998). If this were the case, the usefulness of multilocus
microsatellites for molecular marker-assisted selection, for
fingerprinting, or for calculation of genetic relationships
would be the same as those microsatellites revealing just a
single locus, because the two (or more) loci are genetically
linked, thus representing the same genomic region.

Microsatellite patterns have been shown to represent
genetic relationships quite accurately in many species and
taxa. High gene diversity scores shown by microsatellite
markers make them useful in distinguishing closely related
genotypes (Giancola 1998). Indeed, the Plant Variety Protec-
tion Office of the USDA Agriculture Marketing Service now
accepts microsatellite allelic profiles as supporting evidence
for the uniqueness of a new cultivar (Diwan 1997). Here, 20
microsatellite markers were enough to establish a unique and
specific fingerprint for the 16 inbred lines, as well as for
many different commercial hybrids tested in our lab (data
not shown), confirming the power of these microsatellite
markers to reveal genetic diversity in sunflower germplasm.

© 2002 NRC Canada
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One of the controversial points in the application of
molecular markers to variety registration is the predictable
reduction of the minimal genetic distances that will distin-
guish two varieties and establish the limits of the so called
“essentially derived varieties.” To be defined as such, variet-
ies should ideally differ in a considerable proportion of their
genomes, not just in a few loci. The careful selection of mo-
lecular markers widely located in the genetic map should
take care of this point. This work shows that, for the case of
breeding sunflower germplasm the calculated maximum ge-
netic similarity is about 0.44, suggesting the feasibility of
this approach (Fig. 2, RHA274 vs. RHA374). The best sys-
tem to differentiate and identify varieties must be practical,
precise, reliable, and robust. It must offer high discrimina-
tion power, lack of interaction with the environment, capac-
ity to generate equivalent results among laboratories,
consistency of calculated genetic relationships with pedigree
data, good genomic coverage, public availability, susceptibil-
ity to automation, and adequate cost–profit relationship. Ac-
cording to our results, the use of SSRs shows the closest
possibility to generate such a system to differentiate and
identify commercial varieties of sunflower. This work dem-
onstrates that SSRs provide a powerful way of discriminat-
ing between lines and that they appear to be useful for
identification, assessment of distinctness, and diversity.

In conclusion, this work achieved the isolation and char-
acterization of a significant number of sunflower
microsatellites. This allowed us to get an insight of their rel-
ative abundance, organization, and polymorphism. The
primer sets designed in this work for sunflower showed to be
useful markers for breeding program purposes and identifi-
cation of sunflower inbred lines, cultivars, and accessions
that was the aim of this work.
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