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CONSTRUCTION OF A SUNFLOWER PEDIGREE MAP
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SUMMARY

Apedigree map of sunflower (Helianthus annuus) was prepared which contains detailed
information on North American sunflower materials, e.g., published in various issues of Crop
Science. A catalogue provides futher information on the pedigree and important agronomic
traits, like disease resistance, oil content and maturity of the released germplasm pools,
germplasms, populations, lines and cultivars.

For verification of the relationships shown in the pedigree map, the restorer lines RHA
278 and RHA 279, which were derived from an Fs sib-selection, were investigated by Southern
analysis with 75 genomic probe/enzynie combinations. They differ in the Pl-gene conferring
resistance to downy mildéw, caused by Plasmopara halstedii (Farl.) Berl. et de Toni. However,
no restriction fragment length polymorphism (RFLP) could be detected. This result confirms
the supposed close relationship between the two lines.

Key words: Sunflower, pedigree map, RFLP analysis.

INTRODUCTION

Helianthus is one of the few crop genera which is native to North America (Seiler,
1988). In last 25 years, many germplasms and parental lines have been released by
research workers of the United States Department of Agriculture (USDA) in California,
North Dakota and Texas and the Agriculture Canada Research Station, Morden, Mani-
toba, respectively. Using wild relatives of sunflower to increase the genetic diversity in
cultivated sunflower, more than 100 parental lines and more than 60 fertility restorer
lines were released and most of them were described in Crop Science. This material was
based on lines with a high oil content developed at VNIIMK, Krasnodar, Russia, and
high—oil open—pollinated cultivars such as "Peredovik" bred in the former USSR.

It is difficult to obtain an overall view on this material because of the host of
information, especially if one is looking only for a specific trait. Therefore, the aim of
this work was to construct a sunflower pedigree map which should be helpful for
obtaining information on genetic relationships in North America breeding material. A
second goal of this investigation was to use molecular methods for verification of the
supposed relationships by application of RFLP-analysis. The successful use of this
technique has been demonstrated for many species (Helentjaris et al., 1985, Miller and
Tanksley 1990, Song et al., 1990, Gebhardt et al.,, 1991, Graner et al,, 1991. Wang et al,,
1992; for review see Beckmann and Soller, 1986).
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PEDIGREE MAP

The almost complete information on the North American sunflower material docu-
mented in various issues of Crop Science is a powerful tool for sunflower breeders. This
material was originated from old open pollinated populations like Mammoth Russian,
Armavirsky, Mennonite, Smena, Armavirec, Jdanovsky, Peredovik, Pervenets of the
institute VNIIMK at Krasnodar, Russia. Since a compilation of the vast information will
be helpful for every sunflower breeder, a map was generated by using various articles on
registration of sunflower germplasms and lines published in Crop Science until 1989.
Information not documented in Crop Science was provided by Jerry F. Miller, Fargo,
North Dakota.

The complete pedigree consists of the following four parts:

*a map showing genetic relationships (Figure 1),

* a catalogue which contains the original pedigree data and important agronomic
traits, like disease resistances, oil content, maturity, as well as further items like the
registration number and the reference (parts of this catalogue are shown in Table 1),

* a list of abbreviations,

* a reference index for rapid orientation.

The catalogue, the list of abbreviations, and the reference index are also available on
IBM compatible EDP. If the user is interested in further information on sunflower
releases in the USA and Canada, the catalogue and the reference index will lead directly
to the respective articles in Crop Science, where detailed information on the individual
material can'be found.

Genetic Relationship between Selected Lines

For RFLP-analysis the restorer liner RHA 278 and RHA 279 were used. The two
lines are derived from an Fs sib-selection differing in the Pl2-gene conferring resistance
against the Red River Race of Plasmopara halstedii (Farl.) Berl. et de Toni. This gene
was first described in the line HA 61 (Zimmer and Kinman, 1972), asib-line of the donor
parent HA 62-4-5 (HA 62) from which the resistance gene of RHA 278 is derived
(Figure 2). :

According to the pedigree, a close relationship between these two lines is supposed.
However, they differ with regard to the Pla—gene which is further investigated in our
institute by sreening near isogeniclines (Mosges and Friedt, 1992). Therefore, an attempt
was made to find a difference on the molecular level using several randomly selected
genomic clones as probes in Southern analysis.

MATERIALS AND METHODS

Plants of the restorer lines RHA 278 and RHA 279 were grown in the greenhouse
and the young leaves were harvested on ice after two days incubation in a dark room to
avoid an accumulation of polysaccharides and stored at —~80°C. '

DNA from leaves was extracted according to Murray and Thompson (1980) and
purified with a method for a large scale plasmid minipreparation (Wilson, 1987).

The genomic DNA (ca. 10ug) was digested with the restriction enzymes Bam H1, Eco
RV, Hind 111, Eco RI, and Bst E1J, using 2.5 units per ug DNA for 5 h or overnight,
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Figure 2: Pedigree of the Fs—siblines RHA 278 and RHA 279

according to the supplier’s instructions (Boehringer). The restriction fragments were
size-separated on a 0.8% agarose gel (Maniatis et al., 1989) and transferred to a nylon
membrane (GSP, Du Pont).

Inserts of 15 randomly selected genomic sunflower clones from RHA 278 with sizes
between 0.4 and 3.2 kb were used as probes. These clones were generated by digesting
total DNA with Eco RI and Bam HI. The fragments were separated on 1% agarose gel.
The low molecular fragments (<5kb) were electroeluted, ligated into Eco RI- and Bam
Hl-digested pUC 18 vector and transformed into E. coli strain JM 83. Recombinant
plasmids were preparated according to Birnboim and Doly (1979). The inserts were
isolated by electroelution from agarose gels and randomly labelled with 32p— a dCTP.
(Amersham, Feinberg and Vogelstein, 1983). Prehybridization, hybridization, pos-
thybridization washes and autoradiography were performed as described by the manufac-
turer (Du Pont). : :

RESULTS

Total genomic DNA of. the restorer lines was digested with the restrfcti‘on enzymes
Bam H1, Eco RV, Hind 111, Eco R1, and Bst E]l and hybridized against 15 random genomic
sunflower clones with sizes between 0.4 and 3.2 kb. Figure 3 shows' the hybridization
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0 Rl

Hybridization pattern obtained after probing the digested DNA of RHA 278 (1) and RHA 279 (2) with the genormic
clone 1 (0.9 kb)

Ba

Hybridization pattern obtained after probmg the digested DNA o fRHA 278 (1) and RHA 279 (2) with the genomic
clone 10 (1.4kb)

Figure 3: Autoradiographs
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patterns after probing the digested DNA with the clones 1 (0.9 kb) and 10 (1.4 kb). No
differences in the patterns of the two restorer lines could be found in all cases, either in
the major or the minor signals (Figure 3). Therefore, no RFLP could be detected with
the 75 genomic probe/enzyme combinations applied. This result confirms the supposed
close relationship between these two lines. However, due to the limited number of
probe/enzyme combinations further experiments will be necessary in order to finally
verify the close relationship of these lines.

CONCLUSIONS

A pedigree map of American sunflower lines is considered as a useful tool for
sunflower breeders, especially those in Europe. At the first glance, the complex network
of the pedigree map may cause a certain degree of confusion. However, the map provides
a general view on the genetic relationships and shows the “genetic network’® of theselected
line(s). A successful way to work with this map is to start with the catalogue (Table 1) to
receive information on the material appropriate for the respective breeding aim. If
additional information are needed, the registration articles published in Crop Science
contain detailed information on the selected line(s). Further details can be obtained
through the authors; the catalogue and the reference index are available on IBM

compatible EDP. , »
RFLP-analysis is a highly specific tool for the investigation of genetic relationships.

Besides this technique, 2 different *fingerprinting’ methods have been developed
recently, also providing information for phylogenetic studies. Differences in banding
patterns are either generated by hybridization of digested genomic DNA with simple
repeated sequences (e.g., (GATA)4) or hypervariable minisatellite probes. This
so—called "DNA or oligo-fingerprinting has already found a wide range of applications
in plants (Weising and Kahl, 1990, Beyermann et al., 1992, Dallas 1988), also in the genus
Helianthus (Dehmer et al., 1992, Dehmer and Friedt, 1992b). The second possibility to
obtain fingerprint patterns is to employ PCR amplifications with AP~PCR or RAPD
primers (Williams et al., 1990, Welsh et al., 1992, Klein-Lankhorst et al., 1992, Dehmer -
and Friedt, 1992a). These techniques allow plantbreeders to fill in some gaps with respect
to genetic information available for the respective plant species.
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