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SUMMARY

Four sunflower species, Helianthus annuus, H. argophyllus, H. debilis
and H. tuberosus, were characterized at the molecular level using the plastid
trnH-psbA intergenic spacer. The trnH-psbA sequence was selected with the
aim of developing a “DNA barcode” system (Kress et al., 2005) as a tool for
species and specimen identification. The plastid region was PCR amplified with
specific primers and sequenced with an ABI Prism 3730 Automated DNA
sequencer. Intraspecific and interspecific sequence variation was evaluated to
assess the resolution of the technique. Sequencing of both forward and reverse
strands allowed for a high base calling accuracy and overcame the problem of
polymerase slippage within microsatellite regions. After sequence editing, a
very low (or absent) intraspecific variability was detected, whereas interspecific
variability due to SNPs, indels and SSR length was sufficient for an unambigu-
ous identification of each species.
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INTRODUCTION

Methods for identifying species by using short orthologous DNA sequences,
known as “DNA barcodes”, have been proposed and initiated to facilitate biodiver-
sity studies. A consortium for the Barcoding of Life (http://www.barcodinglife.org)
has been set up to build up a digital library of sequences linked to vouchered speci-
mens. The cytochrome c oxidase 1 sequence has been found to be widely applicable
in animal barcoding but it is characterized by relatively low rates of sequence diver-
gence in land plants (Cho et al., 2004; ref). Only recently, the internal transcribed
spacer (ITS) region of the nuclear ribosomal cistron (18S-5.8S-26S) and the trnH-
psbA plastid intergenic spacer have been proposed by Kress et al. (2005) as appro-
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priate for barcoding of flowering plants since they a) have significant species-level
genetic variability and divergence, b) are appropriately short so as to facilitate DNA
extraction and amplification, and c) are flanked by conserved sites for developing
universal primers. The plastid sequence is uniparentally inherited, non-recombin-
ing and structurally stable and in initial studies it has proven to be easier to analyze
and overcome some technical difficulties in the use of nuclear ITS sequence due to
the presence of divergent copies often within single individuals (Muir and Schlot-
terer, 1999).

The application of barcoding to flowering plants is at the beginning and at the
moment there are no such studies in sunflower. The genus Helianthus comprises
about 50 species and many examples of interspecific hybrids have been reported.
To explore the usefulness of the plastid sequence as a barcode, we analyzed some
individuals of the cross compatible species H. annuus, H. debilis, H. argophyllus
and H. tuberosus.

MATERIALS AND METHODS

Plant material, DNA extraction and PCR amplification

Seedlings of H. annuus, H. argophyllus, H. debilis and H. tuberosus were culti-
vated at the experimental farm of University of Udine. Young leaves from several
plants of each species were collected for total genomic DNA extraction. The col-
lected leaf tissues were immediately ground in liquid nitrogen. Individual DNA
extractions were carried out using the CTAB method (Doyle and Doyle, 1987).

Plastid sequences were amplified using the primers reported by Kress et al.
(2005). The polymerase chain reaction (PCR) amplifications were performed in 25
µl total reaction volume containing GeneAmp® 1× PCR Buffer (Applies Biosystem),
2.5 mM MgCl2, 0.3 µM of each primer and 1.5 U of AmpliTaq GoldTM. The PCR
cycling conditions were: initial denaturation at 95°C for 3 min followed by 38 cycles
of denaturation at 94°C for 30 s, primer annealing at 58°C for 30 s and 72°C for
30 s. A final extension for 7-10 min at 72°C was included to minimize the number
of partial strands.

Sequence analysis

PCR products were purified by the MultiScreen-PCR96 Kit (Millipore) according
to the manufacturer’s instructions. The purified PCR product was used as template
in 10 µl cycle sequencing reaction (for and rev) using the ABIPRISM_ BigDyeTM Ter-
minator Cycle Sequencing Ready Reaction Kit v.2.0 (Applied Biosystem). The cycle
sequencing product was purified by ethanol and sequenced by the Applied Biosys-
tem 3730 DNA sequencer.

Chromatograms were transferred to a Unix workstation, base called with Phred
(version 3.01) assembled with Phrap (version 3.01), and the results viewed with
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Consed (version 9.0), (Ewin et al., 1998a, 1998b). Sequences were further manu-
ally edited by GENEDOC (Nicholas and Nicholas, 1997). Full-length sequences were
aligned with CLUSTAL W (Thompson et al., 1994) and BLAST (Altschul et al.,
1997) search was carried out to find similarities in GenBank.

RESULTS AND DUSCUSSION

After PCR amplification and sequencing of the trnH-psbA sequence in different
DNA samples, we selected a total of 48 sequences, namely 15 sequences of H.
annuus, 20 of H. debilis, 9 of H. argophyllus and 4 of H. tuberosus. Sequence
length ranged between 480 and 500 bp.

The observation of electropherograms emphasized the high quality of forward
sequences up to the microsatellite (poly A) region approximately at half length of the
sequence. After that point the sequence quality dropped down regarding the pres-
ence of double peaks (Figure1). This problem was due to the extent of slippage of
the enzyme used in amplification and sequencing as the enzyme keeps falling off
and rejoining in random places in the homopolymer region. Therefore, to obtain a
complete sequence of high quality, it was necessary to consider the reverse
sequence too, since in this case the quality of sequence was complementary. In this
way it was possible to obtain complete sequences of high quality for each species
before proceeding to the analysis and alignment of sequences.

Figure 1: Electropherogram of trnH-psbA sequence. Note the multiple peaks downstream 
of the homopolymer (polyA) region.
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The first step was to evaluate the intraspecific variation of sequences and if
there was overlapping with the interspecific divergences. No sequence variation was
detected within each of the species H. annuus, H. debilis and H. tuberosus. On the
other hand, within the species H. argophyllus we found two groups of sequences
with slight differences, namely two SNPs (T>A) and one indel in positions 47, 99
and 146, respectively (Table 1).

The next step was the multiple alignment of sequences of the four species con-
sidered in this study. As the first observation, the sequences were highly conserved
and the variations were found almost exclusively in the region of approximately 60
bp between the base 100 and 160 (Table 2). In this region three sources of interspe-
cific variation were found: SNPs, indels and the number of repeats of the poly A
motif. The divergences in that region were sufficient for an unambiguous identifica-
tion of each species.

H. tuberosus was easily recognizable for the species-specific presence of two
indels and one SNP in position 114-115, 126-132 and 117, respectively (highlighted
in red in Table 2). H. debilis was distinguished from H. annuus and H. argophyllus
for one SNP in position 121 and one indel in position 126-143 (highlighted in yel-
low in Table 2). The sequences of H. annuus and H. argophyllus exhibited almost
complete similarity with the remarkable exception of the number of repeats of the

Table 1: Intraspecific variation of trnH-psbA sequence in Helianthus argophyllus. The
differences between the two families of sequences are highlighted in yellow/green.
Note two SNPs in positions 47 and 99 and one indel in position 146.

Table 2: Interspecific variation in H.annuus, H. argophyllus, H. debilis and H. tuberosus. The
differences are highlighted in yellow, green and red (see text for details) 
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microsatellite motif. The number of repeats was 11 and 9 for H. annuus and H.
argophyllus respectively (highlighted in green in Table 2), making the two species
distinguishable.

GenBank BLAST searches with data returned correct matches only for the
sequences of H. annuus with more than 95% of homology. That means that the
trnH-psbA intergenic spacer was not yet sequenced in the other species. 

CONCLUSIONS

The variability we found in the plastid trnH-psbA intergenic spacer was suffi-
cient for a correct identification of each of the four sunflower species analyzed in
this study. The technique was fast, although some manual editing was necessary
before multiple alignments of complete sequences.

We expect that the process could even be faster if specific primers were
designed for amplification, sequencing and analysis of shorter sequences, since we
found enough variability for species identification in a limited region of about 60
bp, flanked by very conserved sequences. In this way DNA barcoding can be a sim-
ple, fast and cost effective molecular tool very useful at the taxonomic level in the
genus Helianthus.

Wild species of Helianthus represent interesting sources of many useful charac-
ters (drought and salinity resistance, source of cms, disease resistance). The occur-
rence of interspecific hybrids was reported in several studies (Heiser, 1976, 1978;
Reisenberg et al., 1995; Olivieri et al., 1999). The morphological identification of
hybrids is often difficult due to the slight differences with usually one of the paren-
tal species or changes during the developmental stages. For instance, the seedlings
of the interspecific cross H. debilis × H. argophyllus look like the pollinator spe-
cies (i.e., H. argophyllus) at early stage of development regarding leaf shape, color
and hairiness look. These traits tend to disappear in next leaves and they are conse-
quently very similar to the female species (i.e., H. debilis) although sometime
slightly larger in size (Olivieri, A., personal communication). In this context, the
plastid, uniparentally inherited, could allow an early identification of the maternal
species in the interspecific hybrids.

The internal transcribed spacer (ITS) region of the nuclear ribosomal cistron
(18S-5.8S-26S) is the other barcoding sequence proposed by Kress et al. (2005).
This sequence, bi-parentally inherited, could be useful in hybridization and intro-
gression studies also allowing correct identification of pollen donor species.

The use of the nuclear ITS sequence together with the plastid trnH-psbA
sequence can increase the power of the resolution of DNA barcoding.

Experiments to test these sequences for these applications are under way.
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IDENTIFICACIÓN DE LAS ESPECIES SILVESTRES DE 
GIRASOL POR MEDIO DE LA SECUENCIA ESPECÍFICA DE 
PLÁSTIDO DE DNA

RESUMEN

Fue hecha la caracterización de cuatro especies de girasol, Helianthus
annuus, H. argophyllus, H. debilis y H. tuberosus, a nivel molecular, por la
técnica ’plastid trnH-psbA intergenic spacer’. La secuencia trnH-psbA fue eleg-
ida con el objetivo de crear el sistema de “código de barras DNA” (Kress et al.,
2005), que serviría como herramienta para la identificación de las especies
vegetales y muestras. La región plastidial está fortificada con la técnica PCR
junto con la utilización de los “primers” específicos y secuencionado en el
secuenciador automático de DNA “ABI Prism 3730”. La calificación de variabi-
lidad de las secuencias de intra- e interespecies fue realizada con el fin de cali-
ficar la precisión de la técnica utilizada. El secuencionamiento de las partes de
DNA en las dos direcciones, fue satisfactoriamente exacto, y fue superado el
problema de distorsión de la imagen dentro de las regiones microsatélites.
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Tras la ordenación de las secuencias, la determinada variabilidad de interespe-
cies era baja o no existía. La variabilidad de interespecies SNP, de los fragmen-
tos indel y de longitud de los fragmentos SSR, era suficiente para la
identificación irrebatible de cada especie por separado.

IDENTIFICATION D’ESPÈCES SAUVAGES DE TOURNESOL 
PAR UNE SÉQUENCE ADN PLASTIDE SPÉCIFIQUE

RÉSUMÉ

Les quatre espèces de tournesol, Helianthus annuus, H. argophyllus, H.
debilis et H. tuberosus ont été caractérisées au niveau moléculaire par
l’espaceur intergénique plastide trnH-psbA. La séquence trnH-psbA a été choi-
sie dans le but de développer un système de „code-barres ADN“ (Kress et al.,
2005) comme outil d’identification d’espèces et d’échantillons. La région plas-
tide a été amplifiée par la méthode PCR avec des amorces spécifiques et
séquencée avec un séquenceur ADN automatique “ABI prisme 3730”. La varia-
tion de séquence intra et interspécifique a été évaluée pour déterminer la préci-
sion de la technique utilisée. Le séquençage des parties d’ADN dans les deux
directions a été suffisamment exact et le problème de dérapage polymérase à
l’intérieur des régions microsatellites a été maîtrisé. Après organisation de la
séquence, une variabilité interspécifique faible ou inexistante a été détectée
tandis que la variabilité interspécifique due aux SNP, indels et longueur de
SSR suffisait à identifier sans ambiguïté chaque espèce.
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