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Final report
Identification of molecular markers associated with genes
conferring resistance to broomrape in sunflower (261-

0240-95).
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Background

Confectionery sunflower has become an important crop 'in
Israel due to its low water consumption anci high value of the seeds.
About 200,000 dunams of this crop are produced yearly in Israel.
Sunflower broomrape (Orobanche cumana) is regarded as the most . .-
limiting factor to sunflower production in Israel as well as in many
other countries in the Mediterranean region and in southeastern ’
Europe. Production loss can reach 50% and even total loss of yield in
extreme infestations.

B_ecause of great difficulties in chemical eradfcation of
broomrape, and costly effective treatments such as soil solarization,
breeding for resistance remains the most promising approach to
control the parasite. Resistance to broomrape was first identified in
sunflower many years ago, but the appearance of new virulent races
of broomrape required a continuos search for new resistance sources.

All resistant sources reported todate were oil-type cultivars. Most




‘inheritancé studies indicated that the resistance to broomrape in
sunflower is controlled by a single dominant gene. For most resistant
sources, allelism tests were not reported, therefore, it is not known
how many different genes are present in sunflower. Recently,
resistance to Orobanche cumana was identified in local populations of
confectionery sunflower in Israel and it is being incorporated into
elite cultivars of sunflower.

The aim of this proposal was to determine the inheritance of
the resistance to broomrape in confectionery sunflower and to
identify molecular markers linked to“ the resistance gene(s) and to

use these markers for marker-assisted breeding.

Description of the results

A bréeding confectionery resistant line 14-7 was crossed to a
susceptible male sterile line A-62. The F1 was crossed with another
susceptible »‘Iihe....BD-4 toc construct. a test cross population and was
sibmated to coastruct an F2 population. Both populations (a total of
140 plants) were planted in heavily infected soil of QOrobanche )
cumana in Bet Dagan. Each plant was harvested for DNA extraction
and was scored for resistance/susceptibility to broomrape. Resistance
was determined if no emerged broomrape shoots were observed at
maturity. Susceptibility was determined if plants were infected by
broomrape. Susceptibility is also manifested by an inhibited growth
of the plant. Ninety two percent (341/370 plants) of the controlled
susceptible .plants were infected. Therefore, the infection was
considered highly efficient. Our data indicated that a single dominant

gene controls the resistance in line 14-7 (97 resistant and 36




susceptible plants in the F2 population; Chi square for 3:1 segregation

was 0.36, 0.5>P<0.75). Out of 178 F1 plants, six were infected by
broomrape but this infestation appeared late in the growing season.
* An interesting observation was that F1 progeny from a cross
between two susceptible plants exhibited a normal growth ﬂthough
they were infected by broomrape.

Screening molecular markers for linkage with the resistance
gene was initiated by using the bulked segregant analysis approach.
Two bulks of DNA were made, each from 15 resistant and susceptible
plants. The two bulks were screened with 300 RAPD primers,
however, we did not detect polymorphism between the bulks with
any of these primers., On average, each primer amplified eight
fragments, therefore, over 2000 loci were screened for
polymorphism between the bulks., Our inability to detect
polymorphism can result from several reasons. One is a lack of
sufficient polymorphism . between the parents involved in the cross
used to make the segregating population. The original cross was
made between a resistant line and a distantly related male sterilel‘
line A62. However, the Fl of this cross was sterile and therefore it
could not be crossed again to A62. The F1 was therefore crossed with
another susceptible line BD4 that is much closely related with the
resistant line. This constrain decreased the level of variation in the
cross and decreased the chance to identify polymorphism. A second .
factor that may have affected our ability to find polymorphism was
that it is possible that some plants in the resistant bulk were in fact
susceptible but they escaped the infection (as was observed for a low

percentage of the controlled plants).
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A second approach was taken to identify polymorphisms linked
to the resistance gene. This was the screening of AFLP markers for

polymorphism between the closely related breeding lines 14-7

'(resistant) and BD4 (susceptible). So far 15 AFLP primers were used

and 3 polymorphic bands present in 14-7 and absent in BD4 were

. identified. One example for such polymorphism is presented in

Figure 1. Mapping of these polymorphisms in the segregating

population is underway.

Conclusions _

We will continue to screen RAPD and AFLP primers for
polymorphism between the resistant and susceptible bulks as well as
between the closely related parénts. For AFLP analysis, we will use
the 64 primer combinations in the Perkin Elmer and BRL AFLP
mapping kits. For RAPD analysis, we will screen 500 additional
random 10-mer primers (Operon). Polymorphic .. markers.. will be
scoredl in individual plants and will be mapped relative to the
resistance gene. We aim to identify markers within 1cM from the ..
gene. Such markers will be cloned and converted to locus specific
primers which will be used for marker-assisted breeding of

confectionery sunflower in Israel.




Figure 1. AFLP between the closely related sunflower lines 14-1
(resistant) and BD4 (susceptible).

The AFLP reactions were performed with the AFLP Plant
‘Mapping Kit of Perkin Elmer, according to the manufacturer’s
protocbll. In short, the DNA (0.5 microgram) was digested with EcoRI
and Msel, ligated to adaptors and amplified in two successive steps.
In the first amplification (preselective amplification), the primers
used included the respective restriction enzyme adaptor sequence
plus recognition site plus one f)ase' extension (A for EcoRI primer and
C for Msel primers). In the second step (selective amplification), the
complexity of the amplification products was further reduced by
using primers with extensions of an additional two bases. The EcoRI
primers were labeled with fluorescent dyes which facilitated the
visualization of the amplification products by a DNA sequencer. The
amplification products were resolved in 6% denaturing
polyacrylamide gels by means of an ABI sequencer 373 in the DNA
sequencing unit at the Weizmann Institute of Science, Rehovot. In
each lane a size standard (GeneScan-500) was included which .'
allowed the sizing of the amplified products. The results were
analyzed using the GeneScan Analysis program for displaying and
sizing the peaks {each peak represents an amplification product). The
top bar indicates the size of the peaks in scan number. The numbers
to the left of the electropherogram indicate the amplitude of the

peaks. An arrow indicates a polymorphic peak.
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) Biosystems  Results -- 17B, 18B, (Stacked) Points 2365 To 3031

Model 672 Run Date: 3/7/1997 faran Date: 10/20/1997
GeneScan 1.2.2-1 Gel File: RUN-168 Gel seq-a Page 1 of 1
2365 . l24(-35 . 12565 . !2665 . L2765 . l2865 ) L2965

B Lane 17: bdd-q B Lane 18: 14-1-q
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