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INTRODUCTION

It was gratifying to see the 230+ participants in attendance at
the Fifth Crucifer Genetics Workshop. The fact that the number of
attendees has increased with each yearly meeting clearly demon-
strates that all are profiting from this brief assembly. It is also reas-
suring to see the increase in participants from all parts of the world.
This indicates that the reputation of our meeting is growing outside
our borders. Undoubtedly, crop Brassicas are gaining in economic
importance, not only as sources of oil, but also as vegetable crops.
This importance is reflected in the large number of research institu-
tions, governmental and private, practicing Brassica research.

When this program was conceived, we tried to cover the most
important and current aspects of crucifer genetics, We were fortu-
nate {0 be able to attract leaders in these fields. This was made pos-
sible by the generosity of our sponsors who provided funds to pay
travel expenses of invited speakers.

In this volume, we have assembled summaries of the sympo-
sinm, workshop, and poster presentations to give the reader a fair
view of the topics covered by the meeting. For the workshops, we
have tried to reconstruct as much as possible of the presentations and
discussions, but some of them remain incomplete or missing.
Although we included all the abstracts that we received from the
workshop speakers and summaries of the general discussions when
they were available, it was not possible to present the proceedings of
the workshops in a single, uniform format.

The first symposium covered applied aspects of genetics and
evolution related to Brassica breeding. This encompassed sources of
germplasm, assembly of specialized stocks for breeding and evolu-
tionary studies, RFLP mapping and its applications, the status of
androgenesis as a breeding tool, and rapeseed breeding in North
America. The second symposium presented an overview of Brassica
biotechnology. The most active research areas in the field, with the
highest potential for practical application, were covered, e.g., gene
expression, self-incompatibility, cybridization and cms, transforma-
tion, and molecular basis of fatty acid composition. The afternoon
workshops and poster sessions provided a forum for discussion and
expansion of symposium topics. Undoubtedly, the participation of
Cesar Gomez-Campo and Toshio Shiga, legendary names in Brassica
research, was the highlight of the meeting.

The crucifer demonstration plot was a big success. Let’s make
a tradition of having one at future meetings. A wide array of inter-
esting materials, particularly Portuguese cabbages, made this plot a
must to visit.
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SPONSORS

Grants and other support were
gratefully received from these
organizations:

Although almost everything went as planned, the unexpected
hot weather surprised our campus maintenance people who, unfor-
tunately, were unable to change the conference buildings’ environ-
mental control settings from heating to air conditioning. For better
or worse, all had the opportunity to sample a typical summer day in
Davis.

We are eagerly looking forward to the Sixth Crucifer Genetics
Workshop at Cornell. Let’s work together to make this meeting even
more successful and to continue giving it an international dimension.

We thank Dean Charles E. Hess for the support of his office
and his participation in opening the meeting. Our special thanks and
appreciation go to Nancy Scybert for retyping the summaries and
abstracts, to Yvonne Savio for preparing the sponsor posters, to
Carolyn Norlyn and her associates in the Campus Events and Infor-
mation Office for making the meeting run so smoothly, and, finally, to
the students and staff who ran the projectors during the presenta-
tions.

Public organizations:

The University of California Davis Campus:
The College of Agricultural and Environmental Sciences
The Department of Vegetable Crops
The Genetics Graduate Group

The University of California Division of Agriculture and Natural Resources!
The Genetic Resources Conservation Program

The University of Idaho, Moscow, Idaho

Private organizations:

Agrigenetics Corporation Maccabee Seed Company

5694 E. Buckeye Road P.O. Box 401

Madison, Wisconsin 53716 Davis, California 95616

Alf Christianson Seed Company Monsanto Company

P.O. Box 98 700 Chesterfield Village Parkway
Mount Vernon, Washington 98273 St. Louis, Missouri 63198

Allelix Crop Technologies, Inc. Northrup King Co.

6850 Goreway Drive 7500 Olson Memorial Highway
Mississauga, Ontario Golden Valley, Minnesota 55427
Canada L4V 1P1 Peto Seed Company, Inc.
Ameri-Can Pedigreed Seed Research Center

5100 Poplar Avenue, Suite 2805 Rt. #4, Box 1255

Memphis, Tennessee 38137 Woodland, California 95695
Calgene, Inc. Sakata Seed America, Inc.

1920 Fifth Street P.O. Box 6007

Davis, California 95616 Salinas, California 93912-6007
E.I. du Pont de Nemours & Sungene Technologies Corporation
Company, Inc. 2050 Concourse Drive
Agricultural Products Department San Jose, California 95131-1818

P.O. Box 80402
Wilmington, Delaware 19898

Harris Moran Seed Company
Research Division

100 Breen Road

San Juan Bautista, California 95045



SYMPOSIUM ONE

BRASSICA BREEDING, GENETICS, AND EVOLUTION

Germplasm of Wild n=9 Mediterranean
Species of Brassica

Following some pioneering collections in the period 1975 to
1977, an IBPGR/FAO-sponsared meeting was held in Rome in 1980
to establish criteria on Brassica germplasm collections and to make
plans for a series of systematic missions directed to those wild species
considered to be the closest relatives to B. oleracea. These missions
took place between 1982 and 1988.

The 1982 and 1983 missions were held in Greece, the first year
in the mainland (Attica, Evia, and Peloponissos) and the second in
Crete. They supplied a total of 45 samples of as many populations of
B. cretica gs:;p. cretica, ssp. laconica, and ssp. nivea), together with a
number of ecological and corological data including the finding of
several new localities. A parallel mission in Turkey provided some
additional samples of the same species. B. crefica is an almost obli-
gate chasmophytic species, living on limestone cliffs where enough
water supply can be secured in summer,

For the 1984 mission, South [taly and Sicily were visited.
Beyond any doubt, Sicily contains the highest variability within this
group. At least four species (B. macrocarpa, B. incana, B. rupestris,
and B. viflosa) are found in the island, together with at least five addi-
tional taxa deserving subspecific status. Interpopulation variability
was easily observed for some of the taxa. Some of the collections
were particularly abundant, because the plants in this case grew much
more often at the base of the cliffs than on the cliffs themselves.

The 1985 mission took place along the Mediterranean coasts of
N.W. Italy, S. France, and N.E. Spain. Some 25 samples of B. mon-
tana were collected. In many instances, this species was found to be
somewhat weedy. An attempt to collect wild B. oleracea in the
Atlantic coast of France yielded poor results because, unlike their
Mediterranean counterparts, most pods were still green in July.

The missions of 1986 were devoted to some interesting but so
far uncollected areas of Cyprus (B. hilarionis), Corsica, Sardinia, and
Tunisia (B. insularis). Seeds of B. hilarionis were collected for proba-
bly the first time. The infraspecific variability of B. insularis in Corsica
was noticeable and thoroughly collected.
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No mussion was planned for 1987, but an extensive collection of
wild B. oleracea along the coasts of N. Spain, France, England, and
Wales was carried out in 1988, this time during the right season. It
yielded numerous samples plus a number of new localities and obser-
vations.

The total number of samples collected amounts to 230, which
corresponds to as many populations belonging to nine species. It is
estimated that the proposed aims have been thoroughly achieved,
although some additional missions in the Yugoslavian coast or the
AZgean Islands might perhaps be desirable.

According to IBPGR policies, each sample was split into three
parts, one of which was conserved in the Universidad Politécnica
seed bank which is IBPGR designated for wild crucifers, the second
in the University of Tohoku (Sendai, Japan), and the third in a seed
bank in the country where each sample was collected. Base collec-
tion samples were stored in at least three different places, any risk
being thus minimized.

A multiplication program is now underway in order to make the
material available for research. In the next catalog of the UPM seed
bank, now being prepared and expected to include some 600 species
of Cruciferae, an appendix will be added with those Brassica popula-
tions which have already been multiplied.

Characterization work on these collections is being done in
Svalov, and a database referred to this material has been jointly
developed 1in Madrid and Svalov. Some preliminary phytochemical
characterization is now being carried out in Barcelona and Madrid.

CO0SO0RQRIOIITIIIRIBOSCS0S0S0B0S0SO0O0

Cytogenetic Stocks in Brassica:
Addition Lines and Genome Evolution

Brassica crops and wheat share a parallel evolutionary pattern
in which amphiploids are derived by hybridization of diploid species.
Wheat cytogenetics is perhaps the most advanced in all the crops,
where a series of complex stocks have been developed. These
include monosomics, nullisomics, and alien chromosome addition and
substitution lines. The usefulness of this material in gene mapping
and wheat breeding is unquestionable. Besides their practical
applications, the development of these stocks in Brassica will provide
the means to study problems related to the evolution and genetics of
these species.

Alien addition lines: In our research program, oriented to study the
evolution of the Brassica genomes, we are developing a series of
these lines. Our emphasis has been the generation of B. campestris-
oleracea additions (AA+C) from natural B. napus and from
‘Hakuran’ (synthetic B. napus) dissecting the B. oleracea genome (C).
Other addition lines under development in our laboratory are those
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dissecting the B. nigra genome (B). These are B. oleracea-nigra lines
(CC+B) from B. carinata, and Diplotaxis erucoides-nigra (DeDe+B)
lines from a synthetic amphidiploid between both species. Also, we
are attempting to develop CC+A, BB+C, CC+B, and CC+R addi-
tion lines. A few other laboratories are working also in the develop-
ment of addition lines of B. napus-nigra (AACC+B), one in France
under the leadership of Anne Marie Chévre of INRA (Jahier et al.,
Genome 32:408, 1989), and the other in Germany under the leader-
ship of Dr. Rébbelen at Gottingen. The objective of these groups is
the development of disease-resistant rapeseed. Kaneko et al. (Japan
J. Breed. 37:438, 1987) has also dissected the C genome by generat-
ing radish-kale additions (RR+C). In addition to the AACC+B
lines, Chevre and her group are developing B. napus-Diplotaxis eru-
coides and B. napus-hirta addition lines.

The technique to develop these lines consists of crossing the
amphidiploid parent by one of its diploid progenitors. This generates
a sesquidiploid, which is a triploid having two complete sets of chro-
mosames for one of the genomes and a single set for the other
genome. During meiosis the chromosomes of the single set remain
unpaired and will tend to be eliminated. After several backcrosses it
is possible to select individuals with two complete sets of chromo-
somes of the recurrent species and a single chromosome of the other
species. Often, it is not necessary to double chromosome number in
the hybrid, since it produces unreduced gametes passing the genome
of both parents to the progeny. This was the case for the B. napus-
nigra lines of Chévre.

Monosomics and nullisomics: The developement of these lines is in
its infancy in Brassica. Chang et al. (Genome 29:174, 1987) reported
two monosomics and a nullisomic in B. napus. The development of
these stocks is an area that needs more attention, since along with the
addition lines, monosomics will permit the future development of
substitution lines. These lines may be extremely useful to study the
effect of substituting chromosomes of different genomes on the
determination of important traits.

Genome specific markers: We are using isozyme loci and restriction
fragment length polymorphisms (RFLPs) as genome specific mark-
ers. For the RFLPs, in collaboration with B. Landry, we have
identified useful clones from a cDNA hbrary in B. napus developed
by John Harada. Also, we use genomic clones from B. oleracea and
B. napus libraries constructed in our laboratory (Hosaka et al.,
unpublished). In addition, we rely on heterologous clones such as
rDNA and others. The data generated by the addition lines on the
synteny of these markers together with conventional F, linkage analy-
sis complement each other. These combined approaches augment
the level of polymorphism which could be detected by a single
method. Another advantage is that it allows us to compare chromo-
somes of the same genome extracted either from the diploid species
or from the amphidiploids.

Although we are at the stage of gathering information, we can
summarize our findings as follows: On the basis of isozymes, IDNA,
and genomic markers, we find that the three cultivated genomes, A,
B, and C, are mutually and partially homologous. Very few markers
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are conserved among these genomes indicating extensive divergence
since their origin. 1) [sozyme loci: Although the same number of loci
are present in all three genomes, species-specific allozymes are
observed at each locus. 2) TRNA genes (work in collaboration with
M. Delseny at Perpignan): Although the coding regions in the 185
and 258 regions are highly conserved in Brassica, B. campestris can be
separated from the rest of the cultivated and wild species by the
absence of EcoRI site 3 in all the repeated units (approx. 6500).
Other important differences are the subrepeat size caused by size
differences of the intergenic spacers. The B. campestris spacer is
smaller than the B. oleracea and B. nigra spacers, which are the same
size. RFLPs of the rDNA region disclose similar numbers of com-
mon fragments among the diploid cultivated species. This number is
approximately half of that observed within any of the species. 3)

enomic clones (Hosaka et al., unpublished): RFLPs of 10 clones
disclose mostly genome specificity for distinctive fragments. These
markers can be followed up in most instances in the derived
amphidiploid species. In a few cases, specific fragments are shared
either by the A and B genomes or by the A and C genomes. 4)
cDNA: Although we are just starting to test these, they show the
same trend as the genomic clones. 5) Other markers: Cruciferin and
napin (from M. Crouch) are too polymorphic to reveal possible
genomic relationships.

Transmission of alien chromosomes and effects on plant fitness:
Most of these data have been collected from alien addition lines of B.
campesiris-oleracea derived from either natural B. napus and from
Hakuran (synthetic B. napus). We observed that adding additional
chromosomes to the diploid Brassica genomes had little effect on
plant survival and fertility, although in some instances they retard
development. The fertility of plants with hyperploid chromosome
numbers was very high, ranging from 95 to 80%, while transmission
had a wide range depending on the alien chromosome. The trans-
mission of alien chromosomes after selfing was slightly lower than in
backcrosses, which may be related to inbreeding depression. The
hyperploids seem to have a mechanism of nondisjunction by which it
is possible to obtain disomic lines from crosses between diploids and
individuals carrying one extra chromosome. The resulting disomics
transmitted the alien chromosome at a higher rate.

The high fitness of the hyperploids and alien addition lines indi-
cates that interspecific aneuploidy may have played an important role
in Brassica genome evolution. We know that amphidiploids occur in
nature, and we know that these originate from unreduced gametes
which are commonly observed in wild Brassica hybrids. Hence, it is
feasible that sesquidiploid hybrids (interspecific triploids arising as a
prior step to amphiploidy) may cross in nature to their diploid par-
ents, thus generating interspecific aneuploids resulting in the addition
(or deletion) of chromosomes to establish novel hybrid genomes.
These aneuploids may be stabilized in a fashion similar to that
observed in the experimental addition lines. By natural selection the
successful genotypes may became established as species. Considering
the differences disclosed by isozymes, RFLPs, and iDNA among the
cultivated genomes, it is possible that they have hybrid origins in
which more than one basic genome contributed chromosomes for the
formation of new genomes. Thus, it is unlikely that the A, B, and C
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genomes originated from a single ancestral genome or archetype in
either ascending or descending fashion by merely gaining or losing
chromosomes one at a time. Relic homologies detected by allosynde-
tic pairing (Prakash & Hinata, Opera Bot. 55:1, 1980), RFLPs and
chloroplast (cp) DNA markers (Palmer e al, TAG 65:181, 1983)
may be explained by assuming that the A, B, and C genomes have a
common or related ancestral parent as a chromosome donor. For
example, the similarity of cpDNA in B. oleracea and B. campestris
suggests that these share a cytoplasm donor species that may have
been involved in their origin as the female parent.

Our long term objective is to gain insight into the mechanisms
reponsible of the formation of the major Brassica genomes and their
level of homology.
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Rapeseed and Canola Breeding in North
America: The US Potential

The sight of a flowering field of rapeseed is a common site in
many areas of the world. Rapeseed and Canola are currently grown
on more than 20 million acres which produce 8 million metric tons of
oil annually. This oil provides 15% of the edible oil and 100% of the
high erucic acid industrial oil consumed worldwide. US Food & Drug
Administration (FDA) regulations and a strong dependence on soy-
bean as a source of vegetable oil have historically limited the produc-
tion of oilseed rape in this country.

Since 1985 when the FDA granted GRAS status to low erucic
acid rapeseed (Canola) oil, there has been increasing interest in both
the production of this crop and utilization of its unique oil. Canola
has low levels of saturated fatty acids, moderate levels of polyunsatu-
rated fatty acids, and fairly high levels of mono-unsaturated fatty
acids. Increasingly, the fatty acid composition of Canola oil has been
recognized by nutritionists for its benefits in human diets. As domes-
tic consumption of Canola oil increases, it is expected that US pro-
duction of rapeseed will increase.

Three rates of potential increases of production of Canola in
the US were graphed (Fig. 1). The first rate, which assumes that
production will increase by only 250,000 acres annually, indicated that
total production would approach 3 million acres by the turn of the
century. The second rate, which assumes an annual increase of
500,000 acres, estimates that US acreage in the year 2000 would be
5.5 million acres. The third, and most optimistic, estimate assumed
that US Canola production would increase by 1 million acres annu-
ally. At this rate of increase, there could be in excess of 11 million
acres in production. Most individuals familiar with oilseed crops feel
that Canola production in the US will increase, but they realize that
many variables will influence the actual rate of increase. It is highly
possible that US production of rapeseed could exceed 5 million acres
if certain limiting factors can be solved.
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