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Abstract Classical sunXower varieties display a high lin-
oleic acid content in their seeds [low oleic (LO) varieties]
whereas genotypes carrying the Pervenets mutation display
an increased oleic acid content of above 83% [high oleic
(HO) varieties]. Despite the advantage in health terms of
oleic acid, the nature of the mutation was still unknown.
Previous work reported that HO genotypes carried a spe-
ciWc oleate desaturase (OD) allele. This enzyme catalyses
the desaturation of oleic acid into linoleic acid. The present
work demonstrates that this allele is organised in two parts:
the Wrst section present in both HO and LO genotypes car-
ries a normal OD gene, the second section is speciWc to HO
genotypes and carries OD duplications. The study of
mRNA accumulation in LO and HO seeds revealed that the
mutation is dominant and induces an OD mRNA down-reg-
ulation. Furthermore, OD small interfering RNA, character-
istic of gene silencing, accumulated speciWcally in HO
seeds. Considered together, these observations show that

the mutation is associated with OD duplications leading to
gene silencing of the OD gene and consequently, to oleic
acid accumulation. This Wnding allowed the development
of molecular markers characterising the mutation that can
be used in breeding programmes to facilitate the selection
of HO genotypes.

Keywords High oleic acid oil · Pervenets mutation · 
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Introduction

Vegetable oils are composed of triacylglycerol carrying sat-
urated, mono-unsaturated and poly-unsaturated fatty acids.
The Wrst desaturation of stearic acid (18:0) into oleic acid
(18:1) is catalysed by the stearoyl-ACP desaturase (stearate
desaturase). The oleoyl-PC desaturase (oleate desaturase,
OD) catalyses the desaturation of oleic acid (18:1) into lin-
oleic acid (18:2). The linoleoyl-PC desaturase catalyses the
third desaturation of linoleic acid (18:2) into linolenic acid
(18:3) (Ohlrogge and Browse 1995; Somerville and Browse
1996; Schwartzbeck et al. 2001). Complementary DNAs
corresponding to genes encoding for these enzymes were
Wrst isolated in Arabidopsis thaliana (for review see
Somerville and Browse 1996). These cDNAs have also
been isolated for most of the oil seed crops including
sunXower (Helianthus annuus L.) (Hongtrakul et al.
1998a,b; Martinez-Rivas et al. 2001).

The nutritional qualities of vegetable oils depend mainly
on their fatty acid composition. Monounsaturated oleic acid
(18:1) only reduces cholesterol’s atherogenic fraction level
and consequently, preserves the cholesterol anti-athero-
genic fraction, which is beneWcial for cardiovascular dis-
ease prevention. Thus, diets containing vegetable oil with
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high oleic acid content (OAC) have been reported to be the
most eVective to prevent cardiovascular diseases (Delplanque
et al. 1997, 2000; Broun et al. 1999). Consequently, the
increase of OAC has become one of the major goals to
improve vegetable oil quality. Each diVerent species dis-
plays in nature a speciWc spectrum in fatty acid composi-
tion. Breeders exploit the natural genetic diversity to
modify the fatty acids ratio in order to fulWl objectives deW-
ned by the need to have a healthy diet and by industrial
application requirements. In addition, mutagenesis has also
been used to select new varieties with increased OAC for
the major oil seed crops such as rapeseed (Brassica napus
L.) and peanut (Arachis hypogaea L.) (Schierholt et al.
2001; Jung et al. 2000a,b; Patel et al. 2004). Transgenic
strategies based on posttranscriptional gene silencing have
also been used to increase OAC in soybean [Glycine max
(L.) Merr.], rapeseed and cotton (Gossypium hirsutum L.)
(Kinney 1996; Stoutjesdijk et al. 2000; Liu et al. 2002).

SunXower oil is naturally rich in linoleic acid (55–70%)
and consequently poor in oleic acid (20–25%). Classic vari-
eties are qualiWed as low oleic (LO). Up to the 1970s, muta-
genesis programmes were conducted to produce varieties
with an increased OAC compared to the traditional LO
varieties. The Pervenets sunXower population was obtained
by chemical mutagenesis using dimethyl sulphate (DMS)
on the population Vniimk 8931 and it displayed OAC in
seed oil higher than 65% (Soldatov 1976). This Pervenets
population was then used in breeding programmes to obtain
varieties with OAC higher than 80% [high oleic (HO)].
This fatty acid composition modiWcation of oil is speciW-
cally located in embryo tissues (Garcés et al. 1989). Due to
the increased interest in health terms of oleic acid and the
similar agronomic performance of the HO compared to the
traditional LO varieties, HO varieties are now widely used
around the world covering about 1.2 million ha (CETIOM
2003). In these varieties, there is a reduction of the
OD-mRNA accumulation compared to the LO genotypes
leading to a decrease of OD activity in the seeds during the
lipid accumulation (Garcés and Mancha 1989, 1991;
Kabbaj et al. 1996; Hongtrakul et al. 1998b). Using a candi-
date gene approach in a diversity analysis study, we found
linkage disequilibrium between the Pervenets mutation and
a HO speciWc OD allele. This allele was not found in any of
the LO genotypes tested (Lacombe and Bervillé 2001).
Genetic studies performed on F2 and recombinant inbred
lines populations revealed that this linkage disequilibrium
was due to a close genetic linkage between the Pervenets
mutation and the HO speciWc OD allele (Hongtrakul et al.
1998b; Lacombe et al. 2001; Lacombe and Bervillé 2001).
Recently, Schuppert et al. (2006) studied the HO speciWc
OD allele using PCR based approaches and identiWed part
of this allele. They showed that it carries a full and an
incomplete duplication of the OD gene. This result allowed

them to develop dominant markers linked to the mutation
but due to the lack of DNA polymorphism in the region
tested, no codominant markers were found between wild
type and mutant oilseed inbred lines. However, all these
approaches were not able to determine whether the HO spe-
ciWc OD allele carries or is genetically linked to the Perve-
nets mutation. Consequently, the nature of the mutation is
still unknown.

The work reported here was carried out to identify the
nature of the Pervenets mutation. Based on a detailed study
of the HO speciWc OD allele, we proposed and experimen-
tally validated that the Pervenets mutation corresponds to
the OD duplication and induces gene silencing on the
normal OD gene. Furthermore, this work allowed
the identiWcation of molecular markers corresponding to
the Pervenets mutation. This type of molecular markers can
be useful tools in breeding programmes, as they will allow
for a rapid screening and early detection of genotypes car-
rying the Pervenets mutation and for the use of marker-
assisted selection to introduce the HO trait into breeding
programmes.

Materials and methods

Plant material

Several lines and varieties were used to supply either geno-
mic DNA for genotyping or RNA for northern studies
(Table 1). This set of genotypes includes Pervenets and
Vniimk 8931 corresponding to the population used for the
Pervenets mutagenic treatment. The F2 segregating popula-
tion used in this study is the same as the one reported by
Lacombe et al. (2001). BrieXy, the LO line BD40713
(Monsanto) was used as a female in a cross with the HO
line BE78079 (Monsanto). One F1 plant was self-fertilised
to produce the F2 progenies composed of 107 plants. To
determine oil composition half a cotyledon from each seed
was analysed before germination. Each plant was also gen-
otyped with the OD cDNA probe and with PCR markers.
For mRNA and small RNA accumulation studies in imma-
ture seeds, self-progenies and controlled crosses were
obtained using a protected paper bag set up a few days
before Xowering. Crosses were then performed by transfer-
ring pollen from the male to the female under the paper bag
to prevent illicit fertilisation.

Probes and hybridisation

The stearate desaturase probe corresponds to a 5� fragment
of 780 bp cloned and sequenced by Kabbaj et al. (1996).
This nt sequence corresponded to the GenBank accession
number U91340 (Hongtrakul et al. 1998a). The OD-cDNA
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used as a probe corresponds to the full length cDNA refer-
enced in GenBank as accession number U91341. These
fragments were labelled with [32P] dCTP by random primer
extension (Sambrook et al. 1989). Hybridisation and

washes were performed under high stringency (i.e., hybrid-
isation in 0.25 M sodium phosphate, 7% SDS at 65°C for
16 h, three washes in 2£ SSC and one with 0.3% SSC, each
at 65°C for 20 min).

Southern analysis

DNA preparation, restriction analyses, Southern blotting
transfers, and hybridisation, were done according to Gentz-
bittel et al. (1995). DNAs from HO and LO lines, hybrids
and population genotypes were restricted either by EcoRI
and/or HindIII and the Southern transfers of the gels were
probed with the OD-cDNA as described above.

Genomic library

A lambda FIXII (Stratagene) genomic library was con-
structed from 2-week-old green seedlings DNA from the
cultivar RHA345 (USDA-Fargo) restricted with Sau3A fol-
lowing the provider recommendations. Two million clones
were screened with the OD cDNA probe under high strin-
gency as described above to select six genomic clones with
strong hybridisation signals.

PCR ampliWcations

The sequence of primers used for PCR ampliWcations are
listed in Table 2. F1 to F8 and R1 to R8 primers were
designed on OD cDNA (U91341). F1_R1 to F8_R8 primer
pairs were chosen to amplify overlapping fragments of
about 240 bp covering all OD cDNA sequence. SSR-F and
SSR-R primers were designed to amplify the SSR motif
located in the intron of the OD gene. Fsp–a and Fsp-b were
designed on the spacer fragment between the OD gene and
the HO speciWc part of the OD-HO allele.

Long PCR ampliWcations were performed with the
Expend Long Template PCR System (Roche Applied Sci-
ence) according to the provider instructions. AmpliWcation
products were ran on a 1% agarose gel as described previ-
ously to detect polymorphism between 83HR4 (LO) and
RHA345 (HO) genotypes. The Fsp-a_R7 PCR fragment
obtained using RHA345 DNA was cloned into pGEM-T
Easy Vector (Promega) following the manufacturer’s
instructions and sequenced.

AmpliWcations of the SSR motives were performed with
SSR-F_SSR-R primer pair in a 30 �l reaction mixture con-
taining 40 ng template DNA, 1 U of Taq DNA polymerase,
1£ reaction buVer (both from Sigma), 200 �M of dNTPs;
1 �M of each primer. SSR ampliWcations were carried out
with an initial denaturation at 94°C for 5 min followed by
35 cycles of 94°C for 30 s, 50°C for 1 min and 72°C for
1 min and a Wnal 5 min extension at 72°C. AmpliWcation
products were loaded onto 6% denaturing polyacrylamide

Table 1 List of plant material used with their high oleic (HO)/low
oleic (LO) phenotype and their country origin or company provider

a Genotypes used for both genotyping and northern studies (+/+) or
only for genotyping studies (+/¡)

Genotype Phenotype Origin Genotypinga Northerna

BE78079 HO Monsanto + +

BD40713 LO Monsanto + +

HOC 97 HO Monsanto + +

HOC HO Monsanto + +

HOC 98 HO Monsanto + +

BD 70080 LO Monsanto + +

BE 78078 HO Monsanto + +

BD 70032 LO Monsanto + +

BE 73201 HO Monsanto + +

RHA345 HO USDA + +

83 HR 4 LO INRA + +

90 R 19 LO INRA + +

63 LO INRA + +

Ha Ol 9 HO CSIC + +

Santiago LO Novartis + +

Trisun 870 HO Mycogen + +

Olbaril HO Pioneer + +

LO1 LO Monsanto + ¡
LO2 LO Monsanto + ¡
LO3 LO Monsanto + ¡
LO4 LO Monsanto + ¡
LO5 LO Monsanto + ¡
LO11 LO Monsanto + ¡
VNIIMK 8931 LO Russia + ¡
HO1 HO Monsanto + ¡
HO2 HO Monsanto + ¡
HO5 HO Monsanto + ¡
HO9 HO Monsanto + ¡
HO19 HO Monsanto + ¡
HO22 HO Monsanto + ¡
HO24 HO Monsanto + ¡
HO26 HO Monsanto + ¡
HO37 HO Monsanto + ¡
HO39 HO Monsanto + ¡
OPA1 HO INRA + ¡
OPA2 HO INRA + ¡
R-OL1 HO CSIC + ¡
RHA346 HO USDA + ¡
RHA347 HO USDA + ¡
LG26 HO Russia + ¡
Pervenets HO Russia + ¡
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gels containing 7.5 M urea, 6% acrylamide and 1£ TBE
buVer (Tris–HCl 90 mM pH 8, boric acid 90 mM, EDTA
pH 8 2 mM). Gels were run in a 1£ TBE buVer for 90 min
at 60 V. SSR ampliWcations were visualised by silver stain-
ing with a commercial kit from Promega.

The PCR reactions performed to amplify the HO speciWc
part of the OD-HO allele were carried out using the same
reaction mixture described above. PCR ampliWcations were
performed with an initial denaturation at 94°C for 4 min
followed by 35 cycles of 94°C for 1 min, 55°C for 1 min
and 72°C for 1 min and a Wnal 5 min extension at 72°C.
PCR products were separated by electrophoresis on 1%
agarose gel and visualised under UV light after EtBr stain-
ing of the gel.

RNA gel blot analyses

Total RNA was extracted from immature seeds, 10 to 24
days after pollination (DAP) using TriReagent (Sigma)
according to the manufacturer’s instructions. Northern blots
for mRNA studies were performed according to Sambrook
et al. (1989). Northern blots were hybridised sequentially
with the stearate desaturase and with the OD-cDNA probes
as described above. Northern blots for the small RNA study
were performed as described previously (Herr et al. 2005).
BrieXy, between 50 and 80 �g of total RNA from RHA345
and 83HR4 immature seeds was separated in a 15% poly-

acrylamide gel and transferred to a Zeta-Probe GT nylon
membrane (Bio-Rad). Membranes were cross-linked under
UV illumination and hybridised overnight at 40°C with a
32P labelled T7-OD RNA probe in PerfectHyb buVer
(Sigma). The T7-OD RNA probe was generated by T7
transcription (Promega) of a 1,176-bp fragment that was
ampliWed with a forward OD primer carrying a T7 exten-
sion (5�-ATAATACGACTCACTATAGGGTCGCTAAC
CCGTTCGTTCTC-3�) and a reverse OD primer (5�-TC
TAAAACACACCCAACACG-3�). As a loading control,
each blot was hybridised with labelled U6 oligonucleotide
(5�-GCAGGGGCCATG-CTAATCTTCTCTGTATCGT-3’)
designed on the Arabidopsis thaliana U6-1 snRNA gene
(accession number X52527). Hybridisations were washed
once at 50°C with 2£ SSC, 0.1% SDS for 10 min and
exposed to a phosphor screen (Amersham Bioscience).

Oleic acid content measurement

For each plant head used for northern studies, oil composi-
tion measurements were performed on mature seeds using
the gas chromatography method (Conte et al. 1989).
Routine OAC measurements were also performed using a
refractometer (OPL Sopelem, Paris) and a range of OAC
for oil samples. The concentration in oleic acid was
estimated by comparison of a sample with reference OAC
concentrations.

Accession numbers

Sequences reported are related to the patent WO2005
1060022 and were deposited in the GenBank data library
under accession numbers: CS201179 to CS201197 (Bervillé
et al. 2005).

Results

Physical organisation of the OD genomic region in HO 
and LO genotypes

Physical maps of the HO speciWc and the LO-OD alleles
(OD-HO and OD-LO alleles, respectively) were established
according to the EcoRI, HindIII, EcoRI/HindIII RFLP pro-
Wles revealed with the OD probe in a set of 27 HO and 14
LO genotypes (Table 1, Fig. 1a). As previously reported
(Lacombe and Bervillé 2001), all the LO genotypes includ-
ing Vniimk 8931 corresponding to the population used for
mutagenic treatment, displayed the same proWles character-
istic of the OD-LO allele whereas the HO genotypes carried
the same OD-HO allele. Using HindIII, the OD-LO allele
displayed an 8-kb fragment whereas, for the OD-HO allele,
the hybridised fragment size was over 16 kb. This suggests

Table 2 List of primers used with the name and sequence of each
primer

Primers Sequence (5�–3�)

F1 ACCCTAAGCCTCTGTCGCTC

R1 AGCGGTTATGGTGAGGTCAG

F2 TCGCTAACCCGTTCGTTCTC

R2 ACAAAGCCCACAGTGTCGTC

F3 CCATGCGTTTAGTGATTATC

R3 GAGTGAGAGTGACGAACATAC

F4 TCCCGTGGTACTCGAAATA

R4 GCCATAGCAACACGATAAAG

F5 AGCCCTATGTACAATGAACGT

R5 AATGCTCCCTTTAACCATTC

F6 TCTTCAACATACTCACCCTG

R6 TGTCAAACCGATAATACTCC

F7 ATGCGATGGAAGCACAGAAG

R7 AACCAGACCCAGACCCAAAC

F8 AGATGATGAAGGGAAAGGAG

R8 TCTAAAACACACCCAACACG

Fsp-a CAAACCACCACCCACTAAC

Fsp-b AGAAGAGGGAGGTGTGAAG

SSR-F TTGGAGTTCGGTTTATTTAT

SRR-R TTAGTAAACGAGCCTGAAC
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Fig. 1 High oleic (HO) and low oleic (LO) oleate desaturase (OD)
alleles. a HO and LO RFLP proWles revealed with the OD probe. RFLP
proWles were obtained after HindIII and/or EcoRI restriction. All the
LO and HO genotypes tested displayed the LO and HO proWles,
respectively. Sizes of the hybridised fragments are noted. b OD-LO
and OD-HO alleles physical maps established according to EcoRI and/
or HindIII RFLP proWles revealed with the OD cDNA. Boxes indicate
OD like sequences. The black parts correspond to OD-LO/OD-HO

common elements whereas the grey part corresponds to the HO spe-
ciWc element. c Representation of the sequenced HO genomic region.
Parts corresponding to the 16.1-kb genomic clone and to the 4-kb long
range PCR fragment are indicated. The striped box corresponds to the
retrotransposon putative sequences and as for b, the other boxes indi-
cated OD like sequences. Positions of the primers used are indicated by
arrows in the upper part of the Wgures
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that the OD-HO allele has either an insertion of about 8 kb
in the OD genomic region or a mutation on at least one of
the HindIII sites in this region. Using EcoRI, the OD-HO
and OD-LO alleles carried a common 5.8-kb fragment and
in addition, the OD-HO allele carried an extra 7.8-kb frag-
ment. This supports the hypothesis that there is an 8-kb
insertion in the OD-HO allele compared to the OD-LO
allele and suggests that this inserted fragment carries one
EcoRI restriction site and OD-like sequences. The double
EcoRI–HindIII restriction LO revealed a common 2.2-kb
fragment in both HO and LO genotypes and a 7.8-kb frag-
ment unique to HO genotypes. This data was used to con-
struct physical maps of the OD-LO and OD-HO alleles
(Fig. 1b). The OD-LO allele displayed only one region with
the OD sequence carrying the 5.8-kb EcoRI fragment. The
OD-HO allele displayed two adjacent regions with OD
sequences, a common part with the OD-LO allele carrying
the 5.8-kb EcoRI fragment and an HO speciWc part carrying
the 7.8-kb EcoRI fragment. The 16-kb HindIII fragment
carried these two adjacent regions (Fig. 1b). Because the
Vniimk 8931 population does not carry this HO speciWc
part, this fragment might be a consequence of the muta-
genic treatment. This physical map agrees in part with
results reported previously (Schuppert et al. 2006).
However, the HO speciWc part of the allele described by
Schuppert et al. (2006) carries two EcoRI sites leading to a
4.2-kb fragment (accession number DQ075691). This result
does not agree with our RFLP observations suggesting that
the allele described here might not correspond to the one
described by Schuppert et al. (2006).

Characterisation of the OD-HO allele

To characterise the OD-HO allele, a genomic library of the
RHA345 HO line was constructed. Six genomic clones with
strong hybridisation signal were isolated. According to
their restriction and hybridisation proWles, they carried the
same genomic region corresponding to the common part of
the OD-HO allele (data not shown). One of them was
sequenced and covered 16.1 kb, carrying the expected com-
mon 5.8-kb EcoRI fragment (Fig. 1c, Supplementary
Figure 1). This fragment carries the whole OD cDNA
sequence without any mutation compared to the reference
cDNA sequence (U91341). The consensus promoter ele-
ments 5�-TATAAA-3� and 5�-CAAT-3� were revealed at
position ¡42 bp and ¡92 bp upstream of the putative tran-
scription start point, respectively. A 5�-AATGAA-3�

sequence was found 16 nt before the end of the putative
transcript sequence. This motif is identical to a 5�-AA
TAAA-3� poly-A signal except for one nucleotide. One sin-
gle intron of 1,684 nt was detected between 92 and 93 nt in
the reference cDNA sequence (U91341) in the putative
5� untranslated region, 29 nt before the ATG start codon.

The consensus splicing sequences 5�-GT-3� and 5�-AG-3�

were present at the extremities of the intron. A 16-nt repeat
of a 5�-ATT-3� SSR motif was revealed in the intron
between 784 and 832 nt from the transcription start
(Supplementary Figure 1). All these observations conWrm
results previously reported by Schuppert et al. (2006) and,
in addition, suggest that the common part of the OD-HO
allele may carry a functional OD gene.

On the 5� border, 7.4 kb far from the putative OD gene,
three adjacent 1,600, 1,000 and 800 nt regions encoded
polypeptides displaying between 45 and 61% similarity
with retrotransposons-like proteins from Arabidopsis thaliana
(Q9FXB7), Oryza longistaminata (O24438) and Nicotiana
tabacum (Q9ZRJ0; Fig. 1c, Supplementary Figure 1).

Six HindIII sites were found on the 5� border of the puta-
tive gene. The closest to the OD putative gene is located
722 nt upstream of the transcription start. Another HindIII
site is present in the intron. These two sites deWned a 2.1-kb
HindIII fragment carrying a 83-nt OD sequence. This frag-
ment was never revealed in RFLP proWles of HO or LO
genotypes probably due to the small size of the OD
sequence on this fragment which was not long enough to
allow its detection using a classical RFLP technique. No
other HindIII site was detected in the rest of the putative
gene or in the 1.3 kb sequence on its 3� border (Fig. 1c,
Supplementary Figure 1). According to the RFLP proWles,
the OD-HO allele is characterised by an 8-kb insertion in
the OD genomic region carried by a 16-kb HindIII frag-
ment. The presence of HindIII sites in the 5� border of the
common fragment and their absence in the 3� border sug-
gest that the HO speciWc insertion is beyond this sequenced
region on the 3� side of the common fragment.

None of the six clones selected in the genomic library
carried the HO speciWc part of the OD-HO allele suggesting
that this genomic region was not represented in our library.
To isolate the HO speciWc fragment, a diVerent strategy was
followed based on the data reported above showing that this
insertion carried OD sequences and was adjacent to the
common part of the OD-HO allele. A primer was designed
on the 3� extremity of the genomic region already
sequenced corresponding to the spacer fragment between
the OD gene and the HO speciWc part (Fsp-a), 1,218 nt
downstream of the end of the sequence (Fig. 1c). Long
range PCRs were performed on DNA from the RHA345
HO line and the 83HR4 LO line using the Fsp-a primer in
combination with primers designed along the entire OD
cDNA sequence in both orientations (F1 to F8 and R1 to
R8, Table 2). PCR products were separated on an agarose
gel. For the LO line, no PCR product was detected with any
of the primer sets (data not shown). For the HO line, prod-
ucts were detected with the Fsp-a primer in combination
with R1, R2, R3, R4, R5, R6 and R7 (Fig. 2). For each
primer set, the PCR yielded one major ampliWcation
123
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fragment of 3, 3.2, 3.4, 3.6, 3.7, 3.9 and 4 kb, respectively.
The primer sets Fsp-a_R8 and Fsp-a_F1 to F8 did not gener-
ate any visible ampliWcation product for the HO line
(Fig. 2). The 4-kb Fsp-a_R7 PCR fragment from the
RHA345 HO line was cloned and sequenced (Fig. 1c, Sup-
plementary Figure 2). The organisation of this fragment
from 5� to 3� is as follows: (1) 1,218 nt overlapping with
the previously sequenced OD region as expected according
to the Fsp-a primer position; (2) 1,357 nt without any simi-
larity with database sequences nor with previously
sequenced regions; (3) 1,507 nt identical to the putative OD
gene corresponding to 244 nt of intron and the following
1,263 nt of the exon 2. The 5� extremity of the putative
gene was not detected. The absence of PCR ampliWcation
with Fsp-a_R8 primers suggest that the 3�extremity of the
OD gene was not present in the duplicated fragment. No
EcoRI or HindIII sites were detected in the Fsp-a_R7 frag-
ment. These results are consistent with the physical map of
the OD-HO allele established from the RFLP proWles
(Fig. 1b, c) and show that the HO speciWc part of the
OD-HO allele carries an incomplete duplication of the OD
gene. This duplication was not identical to the one pro-
posed by Schuppert et al. (2006) (accession number
DQ075691). In fact, the insertion described by these
authors comprised the 3� extremity and the adjacent part of
the OD gene carrying one EcoRI site. This insertion is sur-
rounded by two EcoRI restriction sites leading to a 4.2-kb
fragment carrying the OD duplication (Schuppert et al.
2006) that does not agree with the physical map established
within this paper.

Dominant and co-dominant markers for the OD-HO allele

PCR tests were set up to detect the HO speciWc insertion.
Polymorphism of the SSR locus located in the intron of the
putative OD gene was evaluated in a set of 27 HO and 14
LO genotypes (Table 1). A primer pair, SSR-F_SSR-R was
selected to amplify a 240-bp PCR fragment carrying the
SSR motives (Fig. 1c). Three diVerent alleles were found
according to the size of the PCR ampliWcation product
(Fig. 3a). These three alleles were revealed in both the HO
and LO genotypes showing that no linkage disequilibrium

exists between the Pervenets mutation and a speciWc SSR
allele despite the genetic linkage between the two loci.
Because the Wdelity of replication is much lower in the case
of SSR structure compared to nonrepetitive DNA (Sia et al.
1997), this observation suggests that natural variation at the
SSR locus has occurred since the Pervenets mutation event.
The use of these primers revealed a 3-nt polymorphism
between the LO line BD40713 (16 TTA repeats) and the
HO line BE78079 (17 TTA repeats). An F2 population of
107 progenies has been created from a cross between these
two lines (Lacombe et al. 2001). The HO:LO segregation of
72:35 was consistent with a 3:1 ratio (�2 test, P > 0.1),
which provides evidence for one dominant allele control-
ling the HO trait in this population. This allele corresponds
to the Pervenets mutation characterised by the OD-HO
allele (HO speciWc 7.8 kb EcoRI RFLP) (Lacombe et al.
2001). In the 107 F2 population, the 17-TTA repeat allele
strictly co-segregated with the HO speciWc 7.8 kb EcoRI
RFLP and consequently with the HO phenotype. These
observations agree with a tight genetic linkage between the
Pervenets mutation and the SSR locus.

A new primer, Fsp-b, was designed on the Fsp-a_R7 frag-
ment to amplify a 891-bp region of the HO speciWc frag-
ment in combination with R1 (Fig. 1c). This primer
combination was tested in PCR experiments involving the
27 HO and 14 LO genotypes. They led to PCR ampliWca-
tion at the expected size for all the HO genotypes tested
(Fig. 3b). No ampliWcation was detected for the LO geno-
types. Therefore, linkage disequilibrium exists between the
Pervenets mutation and these HO speciWc PCR fragments
generated by the Fsp-b_R1 primer set. Using these primers,
ampliWcation was detected at the expected size for the HO
line BE78079 whereas no ampliWcation was detected for

Fig. 2 RHA345 long PCR ampliWcations using Fsp-a primer in combi-
nation with OD primers. The name of the OD primer used is indicated
as R1 to R8 and F1 to F8
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the LO line BD40713. In the 107 F2 population, a strict
co-segregation was revealed between this PCR ampliWca-
tion and the HO speciWc 7.8 kb EcoRI RFLP that conWrmed
that the PCR fragment is carried by the OD-HO allele.
Furthermore, as previously described for the SSR marker,
all the 72 HO F2 lines displayed the PCR ampliWcation in
agreement with the strict genetic linkage between the
Pervenets mutation and OD-HO allele (data not shown).

Nature of the Pervenets mutation

Given that the HO speciWc fragment carries the OD
sequence duplication, the hypothesis that this duplication
could induce a gene silencing mechanism on the OD gene
was tested. This could mean that this duplication would
correspond to the Pervenets mutation itself. To test this
hypothesis, the OD mRNA accumulation was analysed in
HO compared to LO genotypes. SelWng of seven LO and
ten HO genotypes was performed and three crosses
between HO and LO genotypes were developed, two of
which were reciprocal (Table 3). Seeds from LO and HO
selWng genotypes displayed an OAC of 23–38% and 75–91%,
respectively. Hybrids displayed an OAC between 61 and
88%. The OAC in reciprocal crosses was around the same
range between 78 and 88% (Table 3). Stearate desaturase-
and OD-mRNA accumulations were investigated by
Northern blot. RNA was isolated from developing seeds at
10 and 15 DAP, during lipid reserve elaboration. A 1.6-kb

mRNA was revealed with the stearate desaturase probe at
10 and 15 DAP. However, no diVerence in signal intensity
was detected between LO or HO seeds resulting from sel-
Wng or crosses involving RHA345 and 83HR4 genotypes
(Fig. 4a). The OD probe hybridised a 1.4-kb mRNA for LO
seeds at 10 and 15 DAP. No hybridisation signal was
detected in HO seeds resulting from selWng or crosses
(Fig. 4b). Similar results were obtained with the other
genotypes tested (not shown). These results show that the
Pervenets mutation leading to the HO trait is correlated to
an absence or a weak OD mRNA accumulation in seeds
and acts as dominant which is consistent with a gene silenc-
ing mechanism. To conWrm that the Pervenets mutation
leads to gene silencing on the OD mRNA, the presence of
OD small interfering RNA (siRNA), characteristic of gene
silencing, were investigated in RHA345 and 83HR4 imma-
ture seeds. Twenty-one nt and 24 nt OD siRNA were spe-
ciWcally detected in HO seeds at 10 and 15 DAP. No OD
siRNA were detected in LO embryos (Fig. 4c).

Discussion

A gene silencing mechanism associated with the Pervenets 
mutation

We present evidence that supports the Pervenets mutation
leading to the HO phenotype does not directly modify the

Table 3 Oleic acid content 
(OAC), stearate and oleate 
desaturase (OD) mRNA 
accumulation in seeds obtained 
from genotypes selWng or 
crosses

Genotype OAC (%) Parents 
phenotype

Embryos 
production

Stearate 
desaturasea

ODa

BE78079 75 HO Lines selWng + ¡
BD40713 25 LO Lines selWng + +

HOC97 84 HO Lines selWng + ¡
HOC 86 HO Lines selWng + ¡
HOC98 85 HO Lines selWng + ¡
BD70080 36 LO Lines selWng + +

BE78078 85 HO Lines selWng + ¡
BD70032 35 LO Lines selWng + +

BE73201 84 HO Lines selWng + ¡
RHA345 75 HO Lines selWng + +

83HR4 25 LO Lines selWng + +

90R19 23 LO Lines selWng + +

2603 29 LO Lines selWng + +

HaOl9 86 HO Lines selWng + ¡
Santiago 38 LO Hybrid selWng + +

Trisun 870 91 HO Hybrid selWng + ¡
Olbaril 84 HO Hybrid selWng + ¡
83HR4 £ RHA345 61 LO £ HO Lines crosses + ¡
2603 £ HOC 78 LO £ HO Lines crosses + ¡
HOC £ 2603 88 HO £ LO Lines crosses + ¡

a + and ¡ indicate the detection
and the absence of detection of a
desaturase transcript in northern
blot experiments, respectively
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OD gene sequence but corresponds to OD duplications. In
other plant species that have been characterised, the muta-
tions leading to an increase of OAC directly aVect OD
genes (Jung et al. 2000a,b; Patel et al. 2004; Okuley et al.
1994). SunXower HO genotypes carrying the Pervenets
mutation display two adjacent genomic regions with OD
sequences (Fig. 1b). One of them is also present in LO
genotypes and may contain a functional gene. However, we
showed that OD-mRNA did not accumulate in HO seeds
whereas it accumulated in LO seeds conWrming results
reported previously (Fig. 4b; Kabbaj et al. 1996; Hongtrakul
et al. 1998b). Furthermore, hybrid seeds obtained by cross-
ing LO and HO genotypes presented OAC higher than 61%
and the same reduced accumulation of OD mRNA. These
show that the Pervenets mutation acts in trans to prevent
OD mRNA accumulation. A mutation in the OD gene
could not explain this dominance behaviour whereas a gene
silencing mechanism is supported by all the observations.
The detection of OD siRNA speciWcally in HO seeds con-
Wrmed the gene silencing of the OD gene (Fig. 4c). Consid-
ered together, all these observations show that the
Pervenets mutation is associated with OD duplications
leading to gene silencing of the OD gene.

In eukaryotes, gene silencing is a process that aVects
gene expression through sequence speciWc interactions. It
involves 21 and 24 nt siRNA produced from double strand

RNA resulting from transcription of antisense or hairpin
RNA and can act as dominant or semi dominant
(Baulcombe 2004; Brodersen and Voinnet 2006). Antisense
and invert repeat RNA can directly induce double strand
RNA formation, whereas direct repeat RNA can also be an
eYcient inducer of double strand RNA through the action
of an RNA dependant RNA polymerase (Dalmay et al.
2000; Ma and Mitra 2002; Wesley et al. 2001).

Strategies based on invert or direct repeat induced gene
silencing against OD genes have been previously reported
in crops to obtain transgenic plants with increased OAC.
High OAC soybean and rapeseed were obtained through
antisense and co-suppression mediated OD gene silencing
(Kinney 1996; Stoutjesdijk et al. 2000). Cotton transformed
with an OD inverted repeat construct also showed high
OAC (Liu et al. 2002). For the Pervenets mutant, the dupli-
cated fragment has only been partially sequenced, thus we
cannot predict whatever antisense or hairpin RNAs are
involved in the process. Sequencing of the entire OD dupli-
cation could tell us about the nature of the gene silencing
inducer as a direct or invert OD repeat. Classical cloning
strategies failed to isolate this region. In fact, clones carry-
ing such fragments with repeats tend to recombine in the
bacteria during clone multiplication suggesting that con-
ventional cloning strategies are not adapted to clone this
type of region (Boë and Masson 1996). Using PCR based
strategies we still only managed to isolate part of this dupli-
cation, suggesting that the presence of the duplication
might have aVected the PCR ampliWcation. PCR derived
methods have to be improved in order to isolate the full
duplication and to further characterise the OD gene silenc-
ing induced by the Pervenets mutation.

Origin of OD duplications

Chemical mutagenesis with DMS instead of transgenic
techniques was used to obtain the Pervenets mutations lead-
ing to the high OAC character (Soldatov 1976). Several
gene-silencing mechanisms not associated with transgenic
methods have already been reported in plants. In soybean,
spontaneous dominant mutants displaying duplication of a
chalcone synthase (CHS) gene, express gene silencing of
the CHS gene leading to a reduced mRNA accumulation.
Nearly all commercial varieties carry one of these muta-
tions and display a yellow seed coat colour whereas the
seeds of wild Glycine accessions are black or brown (Wang
et al. 1994; Todd and Vodkin 1996; Senda et al. 2004;
Tuteja et al. 2004). The Xower pigment biosynthesis in
Antirrhinum majus is controlled by the Nivea locus encod-
ing for the CHS enzyme. Mutants that have arisen follow-
ing the movement of a transposable element in this locus
displayed inverted duplications of the CHS sequence lead-
ing to a gene silencing against the CHS genes. Flowers of

Fig. 4 mRNA (a and b) and siRNA (c) accumulations in seeds
obtained from RHA345 and 83HR4 selWng or cross between 83HR4
and RHA345. Northern blots were sequentially hybridised with (a)
stearate desaturase and (b) oleate desaturase (OD) probes. Similar
results were obtained for all the seven LO, the ten HO and the three
hybrid samples (not shown). (c) OD siRNA accumulations were
studied in RHA345 HO and 83HR4 LO seeds. Sizes of RNAs and
probes used to hybridise northern blots are indicated. U6 hybridisation
intensity was used as a loading control
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these mutants present a reduced pigmentation intensity
compared to the wild type (Coen and Carpenter 1988;
Bollmann et al. 1991). The low glutelin content 1 mutation
obtained by ethyleneimine mutagen treatment reduces the
glutelin content in rice grains. The mutation is associated
with a deletion between two highly similar glutelin genes.
It induces gene silencing of glutelin genes through the
synthesis of a double strand RNA molecule (Iida et al.
1993; Kusaba et al. 2003). In sunXower, the Pervenets
mutation associated with gene silencing of the OD gene
may represent a new example of non-transgenic induced
gene silencing in plants.

Chemical treatment generates mainly point mutations
but can also induce the movement of transposable elements.
In peanut, a diethyl sulphate mutagenesis treatment induced
the insertion of a miniature inverted repeat transposable
element in an OD gene resulting in a putatively truncated
protein sequence (Patel et al. 2004). The frizzi panicle (fzp)
mutations associated with abnormal inXorescence develop-
ment in rice aVects an ethylene-responsive-element binding
factor (ERF). One of the ftz mutants obtained after an EMS
mutagenesis treatment presents an insertion of a Houba
Copia-type retro-element in the ERF gene resulting in the
formation of a putative premature stop codon (Komatsu
et al. 2003). Moreover, it has been reported that the move-
ment of transposable elements can be associated with
sequence duplications. In Antirrhinum majus, the inverted
duplication found in the CHS gene of mutants aVected in
Xower pigmentation has arisen following the excision of a
transposable element (Coen and Carpenter 1988). In
Arabidopsis and rice, some mutator-like transposable ele-
ments (MULES) have been reported as harbouring fragments
of host genes. They are referred as Pack-MULE (Yu et al.
2000; Turcotte et al. 2001). In the rice genome, the average
copy number of the 3000 Pack-MULE studied is three, sug-
gesting transposition activities of these elements and conse-
quently duplications of the associated fragments (Jiang
et al. 2004). The DMS treatment performed to obtain the
Pervenets mutation may have induced the movement of
transposable elements causing duplications of an OD
sequence. Although an exact mechanism cannot be pro-
posed, such a hypothesis can be supported by the fact that
retrotransposon-like sequences have been found adjacent to
the OD putative gene.

PCR based molecular markers linked to the Pervenets 
mutation

The conventional methods used to select HO genotypes
in breeding programmes consist mainly of OAC quantiW-
cation on sunXower half seeds (Conte et al. 1989). This
phenotypic based method is time consuming and envi-
ronmentally aVected as temperature inXuences the OD

activity and consequently the OAC (Garcés et al. 1992).
Molecular markers linked to the Pervenets mutation
would represent a valuable and useful tool in breeding
programmes, as they will allow for a rapid screening and
early detection of genotypes carrying the mutation. The
detailed study of the HO speciWc OD allele presented
here allowed the identiWcation of two diVerent types of
PCR based molecular markers linked to the Pervenets
mutation. First, co-dominant molecular markers have
been developed based on the polymorphism of the SSR
locus located in the intron of the OD gene. These markers
do not mark the mutation itself but are genetically tightly
linked to the mutation. Due to the close genetic linkage
between the two loci, such markers can be used to
identify genotypes carrying the Pervenets mutation in
breeding programmes. Furthermore, because of their co-
dominance, they can indicate the homozygous or hetero-
zygous status of the Pervenets mutation locus. However,
because of the absence of linkage disequilibrium between
the Pervenets mutation and the SSR allele in the diversity
analysis performed, these markers can only be used in
segregating populations coming from HO and LO parents
carrying two polymorphic SSR alleles. The second type
of PCR based molecular markers has been developed on
the mutation itself as the PCR ampliWcation fragment
carries parts of the OD duplication. Consequently, ampli-
Wcation products are produced only for genotypes carry-
ing the Pervenets mutation. Unlike the markers described
above, these markers are completely linked to the Perve-
nets mutation and can be used to select genotypes carry-
ing the mutation whatever their genetic background.
However, such molecular markers are dominant and
consequently, cannot allow the distinction between
homozygous and heterozygous genotypes at the Perve-
nets mutation locus. Due to the size of the OD insertion,
a pair of PCR primers surrounding it are expected to lead
to the ampliWcation of only the wild type locus. Conse-
quently, the use of such LO speciWc primers in combina-
tion with Pervenets speciWc PCR markers should allow to
distinguish between homozygous and heterozygous
genotypes at the Pervenets mutation locus. Sequencing of
the corresponding region in a LO genotype is in progress
and should allow to select for LO speciWc PCR markers
(C. Granier, personal communication).

Until now, the nature of the Pervenets mutation was still
unknown. Our work demonstrated that the mutation
displays an original behaviour as it corresponds to oleate
desaturase duplications inducing gene silencing of the
corresponding gene. In addition to this fundamental
Wnding, this work allowed the development of PCR mark-
ers of the Pervenets mutation that can be used in breeding
programmes for rapid screening and early detection of
genotypes with high OAC.
123



Mol Genet Genomics (2009) 281:43–54 53
Acknowledgements The authors wish to thank Lia Arraiano for the
English editing of the manuscript. Séverine Lacombe’s fellowship was
supported by MONSANTO within the frame of the contract B03984.

References

Baulcombe D (2004) RNA silencing in plants. Nature 431:356–363
Bervillé A, Lacombe S, Veillet S, Granier C, Léger S, Jouve P (2005)

Method of selecting sunXower genotypes with high oleic acid
content in seed oil. WO2005106022

Boë F, Masson JM (1996) Selective cloning of a deWned number of
tandem DNA repeats in Escherichia coli. Nucleic Acids Res
24:2450–2451

Bollmann J, Carpenter R, Coen ES (1991) Allelic interaction at the
nivea locus of Antirrhinum. Plant Cell 3:1327–1336

Brodersen P, Voinnet O (2006) The diversity of RNA silencing path-
ways in plants. Trends Genet 22:268–280

Broun P, Gettner S, Somerville C (1999) Genetic engineering of plant
lipids. Annu Rev Nutr 19:197–216

CETIOM (2003) Le tournesol oléique. Oléoscope 70:9–27
Coen ES, Carpenter R (1988) A semidominant allele, NIV-525, acts in

trans to inhibit expression of its wild-type homolog in Antirrhi-
num-majus. EMBO J 7:877–883

Conte LS, Leoni WO, Palmieri S, Capella P, Lercker G (1989) Half
seed analysis: rapid chromatographic determination of the main
fatty acids of sunXower seed. Plant Breed 102:158–165

Dalmay T, Hamilton A, Rudd S, Angell S, Baulcombe DC (2000) An
RNA-dependent RNA polymerase gene in Arabidopsis is
required for posttranscriptional gene silencing mediated by a
transgene but not by a virus. Cell 101:543–553

Delplanque B, Le Roy B, Senault C, Lemort N (1997). Reduced capac-
ity of cholesterol eZux, delayed postprandial lipid response, and
abnormal Apo-CIII distribution in normolipemic subjects with
premature coronary heart disease. Atherosclerosis 134(1, 2):338–
4. P. 200

Delplanque J, Barat-Houari M, Dina C, Gallina P, Cleement K, Guy-
Grand B, Vasseur F, Boutin P, Froguel P (2000) Linkage and
association studies between the proopiomelanocortin (POMC)
gene and obesity in Caucasian families. Diabetologia 43:1554–
1557

Garcés R, Mancha M (1989) Oleate desaturation in seeds of two geno-
types of sunXower. Phytochemistry 28:2593–2595

Garcés R, Garcia JM, Mancha M (1989) Lipid characterization in
seeds of a high oleic-acid sunXower mutant. Phytochemistry
28:2597–2600

Garcés R, Mancha M (1991) In vitro OD in developing sunXower
seeds. Phytochemistry 30:2127–2130

Garcés R, Sarmiento C, Mancha M (1992) Temperature regulation of
oleate desaturase in sunXower (Helianthus annuus L.) seeds.
Planta 186:461–465

Gentzbittel L, Zhang G, Vear F, Bervillé A, Nicolas P (1995) Devel-
opment of a consensus linkage RFLP map of cultivated sunXower
(Helianthus annuus L.). Theor Appl Genet 90:1075–1084

Herr AJ, Jensen MB, Dalmay T, Baulcombe DC (2005) RNA polymer-
ase IV directs silencing of endogenous DNA. Science 308:118–
120

Hongtrakul V, Slabaugh MB, Knapp SJ (1998a) DFLP, SSCP, and
SSR markers for delta 9-stearoyl-acyl carrier protein desaturases
strongly expressed in developing seeds of sunXower: intron
lengths are polymorphic among elite inbred lines. Mol Breed
4:195–203

Hongtrakul V, Slabaugh MB, Knapp SJ (1998b) A seed speciWc �12
oleate desaturase gene is duplicated rearranged and weakly ex-
pressed in high oleic acid sunXower lines. Crop Sci 38:1245–1249

Iida S, Amano E, Nishio T (1993) A rice (Oryza sativa L.) mutant
having a low content of glutelin and a high content of prolamine.
Theor Appl Genet 87:374–378

Jiang N, Feschotte C, Zhang X, Wessler SR (2004) Using rice to
understand the origin and ampliWcation of miniature inverted
repeat transposable elements (MITEs). Curr Opin Plant Biol
7:115–119

Jung S, Swift D, Sengoku E, Patel M, Teule F, Powell G, Moore K,
Abbott A (2000a) The high oleate trait in the cultivated peanut
Arachis hypogaea L. I. Isolation and characterization of two
genes encoding microsomal oleoyl-PC desaturases. Mol Gen
Genet 263:796–805

Jung S, Powell G, Moore K, Abbott A (2000b) The high oleate trait in
the cultivated peanut Arachis hypogaea L. II. Molecular basis and
genetics of the trait. Mol Gen Genet 263:806–811

Kabbaj A, Vervoort V, Abbott AG, Tersac M, Bervillé A (1996)
Expression of stearate, oleate and linoleate genes in sunXower
with normal and high oleic contents. Helia 19:1–17

Komatsu M, Chujo A, Nagato Y, Shimamoto K, Kyozuka J (2003)
FRIZZY PANICLE is required to prevent the formation of axil-
lary meristems and to establish Xoral meristem identity in rice
spikelets. Development 130:3841–3850

Kinney AJ (1996) Development of genetically engineered soybean oils
for food applications. J Food Lipids 3:273–292

Kusaba M, Miyahara K, Iida S, Fukuoka H, Takano T, Sassa H,
Nishimura M, Nishio T (2003) Low glutelin content 1: a dominant
mutation that suppresses the glutelin multigene family via RNA
silencing in rice. Plant Cell 15:1455–1467

Lacombe S, Bervillé A (2001) A dominant mutation for high oleic acid
content of sunXower (Helianthus annuus L.) oil is genetically
linked to a single oleate desaturase RFLP locus. Mol Breed
8:129–137

Lacombe S, Kaan F, Léger S, Bervillé A (2001) An oleate desaturase
and a suppressor loci direct high oleic acid content of sunXower
(Helianthus annuus L.) oil in the Pervenets mutant. C R Acad Sci
III 324:839–845

Liu Q, Singh S, Green AG (2002) High-stearic and high-oleic cotton-
seed oils produced by hairpin RNA-mediated post-transcriptional
fene silencing. Plant Physiol 129:1732–1743

Ma C, Mitra A (2002) Intrinsic direct repeats generate consistent post-
transcriptional gene silencing in tobacco. Plant J 31:37–49

Martinez-Rivas JM, Sperling P, Luhs W, Heinz E (2001) Spatial and
temporal regulation of three diVerent microsomal OD genes
(FAD2) from normal-type and high-oleic varieties of sunXower
(Helianthus annuus L.). Mol Breed 8:159–168

Okuley J, Lightner J, Feldmann K, Yadav N, Lark E, Browse J (1994)
Arabidopsis FAD2 gene encodes the enzyme that is essential for
polyunsaturated lipid-synthesis. Plant Cell 6:147–158

Ohlrogge JB, Browse J (1995) Lipid biosynthesis. Plant Cell 7:957–
970

Patel M, Jung S, Moore K, Powell G, Ainsworth C, Abbott A (2004)
High-oleate peanut mutants result from a MITE insertion into the
FAD2 gene. Theor Appl Genet 108:1492–1502

Sambrook J, Fritsch EF, Maniatis T (1989) Molecular cloning. A lab-
oratory manual, 2nd edn edn. Cold Spring Harbor Laboratory
Press, New York

Schierholt A, Rucker B, Becker HC (2001) Inheritance of high oleic
acid mutations in winter oilseed rape (Brassica napus L.). Crop
Sci 41:1444–1449

Schuppert GF, Tang S, Slabaugh MB, Knapp S (2006) The sunXower
high-oleic mutant Ol carries variable tandem repeats of FAD2–1,
a seed speciWc oleoyl-Phospatidyl choline desaturase. Mol Breed
17:241–256

Schwartzbeck JL, Jung S, Abbott AG, Mosley E, Lewis S, Pries GL,
Powell GL (2001) Endoplasmic oleoyl-PC desaturase references
the second double bond. Phytochemistry 57:643–652
123



54 Mol Genet Genomics (2009) 281:43–54
Soldatov KI (1976) Chemical mutagenesis in sunXower breeding.
In: Proceedings of VIIth International SunXower Conference,
Krasnodar, pp 352–357

Somerville C, Browse J (1996) Dissecting desaturation: plants prove
advantageous. Trends Cell Biol 6:148–153

Senda M, Masuta C, Ohnishi S, Goto K, Kasai A, Sano T, Hong JS,
MacFarlane S (2004) Patterning of virus-infected Glycine max
seed coat is associated with suppression of endogenous silencing
of chalcone synthase genes. Plant Cell 16:807–818

Sia EA, Jink-Robertson S, Petes TD (1997) Genetic control of micro-
satellite stability. Mutat Res 383:61–70

Stoutjesdijk PA, Hurlstone C, Singh SP, Green AG (2000) High-oleic
Australian Brassica napus and B. juncea varieties produced by
co-suppression of endogenous �12-desaturases. Biochem Soc
Trans 28:938–940

Todd JJ, Vodkin LO (1996) Duplication that suppress and deletions
that restore expression from a chalcone synthase multigene
family. Plant Cell 8:687–699

Turcotte K, Srinivasan S, Bureau T (2001) Survey of transposable ele-
ments from rice genomic sequences. Plant J 25:169–179

Tuteja JH, Clough SJ, Chan WC, Vodkin LO (2004) Tissue-speciWc
gene silencing mediated by a naturally occurring chalcone syn-
thase gene cluster in Glycine max. Plant Cell 16:819–835

Wang CS, Todd JJ, Vodkin LO (1994) Chalcone synthase mRNA and
activity are reduced in yellow soybean seed coats with dominant
I alleles. Plant Physiol 105:739–748

Wesley SV, Helliwell CA, Smith NA, Wang MB, Rouse DT, Liu Q,
Gooding PS, Singh SP, Abbott D, Stoutjesdijk PA, Robinson SP,
Gleave AP, Green AG, Waterhouse PM (2001) Construct design
for eYcient, eVective and high-throughput gene silencing in
plants. Plant J 27:581–590

Yu Z, Wright SI, Bureau TE (2000) Mutator-like elements in Arabid-
opsis thaliana. Structure, diversity and evolution. Genetics
156:2019–2031
123


	An insertion of oleate desaturase homologous sequence silences via siRNA the functional gene leading to high oleic acid content in sunXower seed oil
	Abstract
	Introduction
	Materials and methods
	Plant material
	Probes and hybridisation
	Southern analysis
	Genomic library
	PCR ampliWcations
	RNA gel blot analyses
	Oleic acid content measurement
	Accession numbers

	Results
	Physical organisation of the OD genomic region in HO and LO genotypes
	Characterisation of the OD-HO allele
	Dominant and co-dominant markers for the OD-HO allele
	Nature of the Pervenets mutation

	Discussion
	A gene silencing mechanism associated with the Pervenets mutation
	Origin of OD duplications
	PCR based molecular markers linked to the Pervenets mutation

	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


