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INTRODUCTION 1 

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 to 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- 
sium, 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 G6mez-Campo and Toshio Shiga, legendary names in Brflssica 
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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INTRODUCTION 

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 orpanizations: - ~ 

~ u 

Grants and other support were 
grateful& rcceivedfrom these The University of California Davis Campus: 
orpnnizarions: The College ofAgricultural 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 
5694 E. Buckeye Road 
Madison, Wiswnsin 53716 

All Christianson Seed Company 
P.O. Box 98 
Mount Vernon, Washington 98273 

Alleli Crop Technologies, Inc. 
6850 Gorewav Drive 
Mississauga, 0ntario 
Canada L4V 1P1 

Ameri-Can Pedigreed Seed 
5100 Poplar Avenue, Suite 2805 
Memphis, Tennessee 38137 

Calgene, lnc. 
1920 Fifth Street 
Davis, California 95616 

E.I. du Pont de Nemours & 
Comoanv. Inc. . -~. r 

Agricultural Products Department 
P.O. Box 80402 
Wilmington, Delaware 19898 

Maccabee Seed Company 
P.O. Box 401 
Davis, California 95616 

Monsanto Company 
700 Chesterfield Village Parkway 
St. Louis, Missouri 63198 

Northmp King Co. 
7500 Olson Memorial Highway 
Golden Valley, Minnesota 55427 

Peto Seed Company, Inc. 
Research Center 
Rt. #4, Box 1255 
Woodland, California 95695 

Sakata Seed America, Inc. 
P.O. Box 6007 
Salinas, California 93912-6007 

Sungene Technologies Corporation 
2050 Concourse Drive 
San Jose, California 95131-1818 

Harris Moran Seed Company 
Research Division 
100 Breen Road 
San Juan Bautista, California 95045 
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BRASSICA BREEDING, GENETICS, AND EVOLUTION SYMPOSIUM I 

Presiding: 
Carlos F. Quiros 

Dept. of Vegetable Crops 
University of California 

Davis, California 

Germplasm of Wild n=9 Mediterranean 
Species of Brassica 

Following some pioneering collections in the period 1975 to 
1977, an IBPGRIFAO-sponsored 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. crehcn ssp. cretica, ssp. lnconica, and ssp. nivea), together with a 
number o I 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. cretica 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 Italy and Sicily were visited. 
Beyond any doubt, Sicily contains the highest variability within this 
group. At least four species (B. macrocarpa, B. incana, B. rupestrk, 
and B. villosa) 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- 
tuna 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. 

C. G 6 m - C a m p  
Dep. de Biologla 

Esc. T.S. Ing. Agr6nomos 
Universidad Poli16cnica 

28040 Madrid, Spain 

M. Gustafssn 
Swedish University of 
Agricultural Sciences 

Svalov, S-268 00 Sweden 

The missions of 1986 were devoted to some interesting but so 
far uncollected areas of Cyprus (B. hilarionis), Corsica, Sardinia, and 
Tunisia (B. insulark). Seeds of B. hilarionis were collected for proba- 
bly the first time. The infraspecific variability of B. insulorir in Corsica 
was noticeable and thoroughly collected. 
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C.F. Quiros 
J.M. McGrath 
S.F. Kianian 
P. This 
0. Ochoa 
Dept. of Vegetable Crops 
University of California 
Davis. California 

No mission 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 
Egean  Islands might perhaps be desirable. 

According to IBPGR policies, each sample was split into three 
parts, one of which was conserved in the Universidad Politkcnica 
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 in Madrid and Svalov. Some preliminary phytochemical 
characterization is now being carried out in Barcelona and Madrid. 

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. campesfrk- 
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 



ONE 5 

dissecting the B. nigra genome (B). These are B. oleracea-nigra lines 
(CC+B) from B. carinatn, and Dzplotaxk emcoides-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 workin also in the develop- 8 ment of addition lines of B. napus-nigra (AAC +B), one in France 
under the leadership of Anne Marie Chkvre of INRA (Jahier et al., 
Genome 32:408, 1989), and the other in Germany under the leader- 
ship of Dr. Robbelen at Gottingen. The objective of these groups is 
the development of disease-resistant rapeseed. Kaneko el 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, Chkvre and her group are developing B. napus-Diplot& em- 
coides andB. 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- 
mosomes 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 Ch2vre. 

Monosomics and nullisomics: The dcvelopement of these lines is in 
its infancy in Brrrrica. Chanc er 01. [Genome 29:174. 1987) reported 
two monbsomics and a nulli~omic in B. napus. ~he 'deve lo~ment  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 isozyrne 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 library 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 nl., 
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, rDNA, 
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) Isozyme loci: Although the same number of loci 
are present in all three genomes, species-specific allozymes are 
observed at each locus. 2) rRNA genes (work in collaboration with 
M. Delseny at Perpignan): Although the coding regions in the 18s 
and 25s regions are highly conserved in Brassica, B. campeshis 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. campeshis 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 
a proximately half of that observed within any of the species. 3) 
dknomic clones (Hosaka el 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. 
campeshis-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 rDNA 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. 551, 1980), RFLPs and 
chloroplast (cp) DNA markers (Palmer et aL, TAG 65181, 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. campesfrk 
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. 

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 dornes- 
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. 

D.L. Auld 
D.R. Brady 
K.A. Mahler 

Dept. of Plant, Soil, & 
Entomological Sciences 

University of Idaho 
Moscow. Idaho 
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MilIlona of Acres 
Figure 1. Three potential rates 
of increased production of US 
Canola over the next decade. 
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The factors which currently limit expanded production of 
Canola in the US are: 1) the US farm program; 2) the lack of proven 
varieties; 3) the lack of grower education; 4) the lack of vertical inte- 
gration of Canola production into US vegetable oil industry; and 5) 
inevitable fluctuations in the price of all oilseed crops. Efforts are 
underway in both private industry and public institutions to solve 
these problems. This paper emphasizes the efforts currently under- 
way to develop proven varieties of Canola. 

Adavtation of US Canola. Much of the continental US will be able 
to produce Canola if adapted varieties are developed (Fig. 2). The 
northern tier of states will be able to grow spring cultivars, but high 
temperatures and pest problems will probably limit production of 
spring planted cultivars in the rest of the US. Very winter hardy 
biennial cultivars of either Brassica napus or B. campestk could be 
grown in much of the upper Midwest. These cultivars will require 6 
to 8 weeks of vernalization. Typical European biennial cultivars, 
which require 4 to 6 weeks of vernalization, will be adapted across 
much of the Pacific Northwest and the midsection of this country. 
Winter annual cultivars, which require only 2 to 4 weeks of vernaliza- 
tion, will be adapted across southern California and the Southeastern 
states. In the Southern Coastal Plains, fall-planted s ring Canola can 
be produced. In the southern regions of the U , production of 
Canola as a double crop will help improve the economic competi- 
tiveness of this US-grown oilseed crop. 

Several Canadian and US organizations have initiated pro- 
grams to develop Canola-quality cultivars adapted to the US (Table 
1). Most of these firms are concentrating on B. napus and B. 
campesnis as either spring or winter es. All of the firms indicated 
they felt there would be significant U +i? production of Canola and that 
hybrids will be commercially available over the next decade. Many of 
the breeding programs are developing specialty oil types as well as 
Canola-quality cultivars. In addition, several firms are testing Euro- 
pean-derived Canola cultivars for marketing in the US. 
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Figure 2. Potential areas where 
dimerent types of Canola- 
quality rapeseed would be 
adapted in the continental 
United States. 

Pests of US Canola. There are several pathogens, insects, and weed 
species which could limit US production of Canola (Table 2). Insects 
such as aphids, flea beetles, diamondback moths, and the cabbage 
seedpod weevil will be serious problems in most areas where Canola 
is grown. A broad range of plant diseases such as black leg, sclero- 
tinia, black rot, and powdery mildew will be serious problems in much 
of the US. Both broadleaf and grass weeds will need to be controlled 
to insure successful Canola production except where establishment in 
the early fall will provide competition with weeds. The lack of regis- 
tered pesticides will enhance the need for developing tolerance or 
resistance to as many of these pests as possible. 

Contact Growth habit Brassica s~ecies* US test Table I. Organizations and des- 
Program person Spring Winter 1 2 3 4 sites criptions of rapeseed programs 

developing cultivars adapted to 

Agrigenetics L. Sernyk X  X X X X -  25 
the United States. 

Allelix I. Grant X  X X X -  - 20 
Calgene M. Souero X  X X X -  - 42 
Cargill Hybrid A. J a ~ i  X  X X - X -  7 
Contiseed G. Buzza X  - X  X  X  X  6 
Dahenfeldt L. Lilley X  X X -  - - - 

DNAP 2. Fan X  - X  - - - 21 
King Agro K Kennema X  X X X -  - 7 
Maccabee D. Cohen X  X X X -  - 3 

Monsanto S. Metz X  - X  - - - 0 
Pioneer D. Gedge X  ? X X -  - 2 
Sigco J. Fetch X  - X X X X  9 

U. Idaho D. Auld - X X -  - - 21 

1 =B. napus; 2=B. campestris; 3=B. juncea; 4=8. carinata 



Table 2. Insects, diseases, and Varietal Classification* 
weed species which could limit Pests 1 2 3 4 5 
production of different types of 
Canola in the United States. 

Insects 
Flea Beetle X ? ? ? ? Planting date 
Aphids X X X X X Widespread 
Seed Pod X ? X X X Potential 
Weevil 

Diamond Back X X X X X Location 
Moth dependent 

Maggots, X ? X X X Potential 
Loopers, 
&Cutworms 

Diseases 
Blackleg X ? ? X X Envir. dependent 
White mold X X X X X Moist. dependent 
Alternaria X ? ? X X Wet harvest 
White rust X X X X X B. campestris 
P. mildew ? ? ? X X Dry conditions 
Black rot X ? ? X X Temp. dependent 

Nematodes ? ? ? ? ? Sugarbeet 
Viruses ? ? ? ? ? Aphid trans. 

Weeds 
Broadleaf X ? ? X X 
Grasses X ? ? X X 

1 = Spring; 2=Hardy biennial; 3=Biennial; 4=Winter annual; 5=Fall 
planted spring 

Conclusion. The US could become a significant producer of Canola 
over this next decade. The application of new techniques in cell biol- 
ogy and molecular biology in conventional plant breeding programs 
will allow the development of varieties adapted to most production 
areas in the US. Varieties adapted to the US will require both 
Canola quality characteristics and multiple-pest resistance. 

Genome Analysis in Brassica 
Using FWLP Markers 

T.C. Osborn 
K.S. Song 
W.C. Kennord 
P.H. Williams 
University of Wisconsin 
Madison, Wisconsin 

M.K. Slocum 
S.S. Figdore 
J. SUZ& 
NPI 
Salt Lake City, Utah 

When nuclear DNAs of Brassica accessions are digested with 
restriction endonucleases, restriction fragment length polymorphisms 
(RFLPs) are generated for genotypes which vary in the position of 
enzyme recognition sites. Specific RFLPs can be detected using 
cloned DNAs as probes on Southern blots of total genomic DNA. 
These RFLPs represent genetic markers, and they can be used to 
analyze Brassica genomes in a variety of ways. 

We have used RFLPs to study genetic relationships and evolu- 
tion within Brnssica and related genera. The Brassica genus is 
extremely polymorphic for restriction fragment lengths at all taxo- 
nomic levels, and this variation has allowed us to conduct detailed 
phylogenetic analyses. From these analyses and previous studies we 



have proposed evolutionary pathways for the cultivated diploid 
species. We also obtained evidence for polyphyletic origins of 
amphidiploid species from diploid progenitors and for the influence 
of maternally contributed cytoplasms on genome change in 
amphidiploids. Within B. oleracea, B. rapa, and B. napus, we have 
used molecular markers to study the relationships among cultivated 
accessions from various subspecies. 

Since RFLPs segregate as simple Mendelian factors, they can 
be used to develop linkage maps. We have constructed detailed 
RFLP linkage maps consisting of over 250 loci for B. oleracea and B. 
rapa. Many duplicated loci were mapped in both species, and the 
similar arrangement of these loci on different chromosomes suggests 
that these genomes have evolved in part by duplication of large 
chromosome segments. Conservation in the linkage arrangement of 
RFLPs detected by the same set of clones was observed between 
species, suggesting that B. oleracea and B. rapa have diverged 
recently. 

RFLPs provide a powerful tool to study and manipulate genes 
controlling traits of interest. We have used mapped RFLPs to study 
genes controlling morphological variation in B. oleracea and B. rapa. 
In each species, F, progenies from a cross of a heading type by a 
broccoli type were analyzed for segregation of RFLP loci and for 
variation in leaf, stem, and flowering characteristics, pigmentation, 
and pubescence. We determined the location of genes controlling 
these traits, the magnitude of gene effects, and the types of gene 
action. Many of the traits we analyzed were controlled by genes 
having major effects, but genes having minor effects also were 
detected. We were able to dissect the genetic control of complex 
traits by identifying genes controlling specific components of the 
traits. For example, we identified several genes controlling different 
aspects of flowering response, such as requirement for vernalization, 
days to flower without vernalization, and retention of closed buds 
before flower opening. The duplication of trait genes within species 
was analyzed using duplicated RFLP linkage groups. We compared 
the organization of genes controlling analogous traits between 
species using RFLP makers with conserved linkage arrangements in 
the two species. These and similar types of studies may have applica- 
tions for trait selection in Brassica improvement. 

. o . o . o . ~ . ~ . o . o . o . e . o . o . o . o . ~ . o .  

Haploidy and Cell Biology 
of Microspore Embryogenesis 

Anther and isolated microspore culture techniques have been 
used widely to support plant breeding activities for a variety of Bras- 
sica crops. There are several important criteria to be considered for 
reproducible and high embryo production from anther culture. The 
following have been found to be important variables in anther cul- 
ture: 

a) Genotype of donor plants. Embryogenic capacity of 
microspores varies greatly amongst cultivars and even 
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from plant to plant in heterogeneous, outcrossing pop- 
ulations, such as B. oleracea. 

b) Stage of microspore development. The late uninucleate 1 

stage is usually best. 
c) High temperature induction. The optimal temperature 

may vary between 30 and 35°C. The initial reaction of 
anthers involves a typical heat shock. 

d) Duration of high temperature induction. The minimum 
is 12 h, but 1 or 2 days is usually best. 

e) Physiological condition of donor plants. The require- 
ments of the physiological conditions are dependent on 
species. Some species, e.g, B. napus, respond well if the 
plants are kept at cool temperatures before anther cul- 
ture. Others, e.g., B. juncea, do not respond to low tem- 
perature treatment. n Composition of the anther culture medium. High levels 
of sucrose (ie., 8 to 13%) are essential for the isduction 
of embryogenesis in anther cultures. Plant growth 
regulators, ie., auxins and cytokinins, are beneficial for 
some species such as B. oleracea. 

Isolated microspore culture techniques have been well devel- 
oped for B. tzapus but have worked less well for other species. Most 
factors relevant to anther culture also apply to isolated microspore 
culture. Excellent results can be achieved by maceration of selected 
buds or the whole inflorescence. Some cultivars require replacement 
of the medium to prevent the accumulation of inhibitory substances 
(1). Temperature requirement and medium composition may differ 
from anther culture. Optimal temperatures may be lower but may 
require a longer application. It may be necessary to add cytokinins to 
the medium. 

The conditions required to optimize embryo production from 
microspore cultures of B. napus cv. Topaz have been well defined. 
Donor plants are grown at 1015°C (daylnight) in a 16 h photoperiod. 
The isolated microspores are cultured in darkness in a modified 
Lichter's medium (2, 3) with 13% sucrose at a density of 5x104 
cellslml at 32.5"C for three days followed by transfer to 25'C 
(darkness). It is possible to enrich for embryogenic microspores by 
careful sizing of bud length and by centrifugation on Percoll gradi- 
ents. Microspores isolated from 2 to 3.5-mm-long buds and collected 
from the 24132% Percoll interface gave the highest frequency of 
embryo formation, 14% (4). The microspores from longer buds (3.6 
to 5 mm), collected from the same interface,,produced embryos at a 
frequency of 8%. However, these two fractions produced morpho- 
logically different embryos. The embryos derived from the short buds 
had a normal root, cotyledon, and hypocotyl and could be easily 
regenerated into plants, whereas those from the long buds had 
abnormal cotyledons and only grew roots or malformed shoots. 
Staining of the microspore nuclei with DAPI (4,6 - diamidino - 2 - 
phenylindole) showed that the microspores derived from the short 
buds were uninucleate and those from the long buds were binucleate. 

Homogeneous and embryogenic uninucleate microspore pop- 
ulations such as those described above can be exploited to study the 
differentiation of single gametophytic cells to sporophytic haploid 
embryos. More specifically, the induction of gametophytic to sporo- 



phytic cells can be examined. The induction of embryogenesis occurs 
during the 32.5"C heat treatment providing the culture conditions 
outlined above are met. However, if the microspores are incubated 
at 25"C, the cells continue to develop as gametophytes or pollen. The 
organization of the cytoskeleton in the developing pollen is typical of 
gametophytic cells. The microtubules are associated with the nuclear 
envelope of the uninucleate microspores. At the late uninucleate 
stage the nucleus and its associated microtubules migrate to the 
periphery of the cell. Mitosis ensues without a pre-prophase band, 
which is normally absent in gametophytic cells, and results in an 
asymmetrical division with a highly condensed generative nucleus and 
a decondensed vegetative nucleus. On the other hand, a few hours of 
heat treatment induces a pronounced reorganization of microtubules 
to the arrangement typical of sporophytic cells. The nuclear-associ- 
ated microtubules are replaced by cortical microtubules in the inter- 
phase microspore. A pre-prophase band of microtubules occurs 
during prophase. Mitosis proceeds on a centrally located nucleus 
resulting in a symmetrical division and similarly condensed daughter 
nuclei. This rapid differentiation of microtubules from gametophytic 
to sporophytic organization occurs without a prior division. Further- 
more, it is not known whether this process requires post-translational 
modification or the induction of new gene products. Further under- 
standing of the inductive mechanism may provide insight for embryo 
induction from microspore cultures of recalcitrant species. 

This highly embryogenic microspore culture has provided a sys- 
tem for mutagenesis and selection for herbicide resistance. N-ethyl- 
N-nitrosourea was used to mutagenize the microspore cultures and 
selection on the herbicide chlorsulfuron (Glean) produced calli and 
plants which were genetically stable mutants (5). 

A technique for transformation of mature embryos with 
Agrobacterium tumefaciens has been developed by C. Phan (Hoechst 
Canada). After several seconds of chopping in a Waring blender the 
wounded embryos were co-cultivated with the wild type A. tumefa- 
ciens. Plants regenerated from embryo-derived callus tested positive 
for nopaline expression. This method of transformation is being used 
to obtain transgenic plants with plasmids carrying genes of agronomic 
importance. Concurrently, transformation of uninucleate micro- 
spores and early multinucleate embryoids by means of microinjection 
is being attempted (B. Huang, Allelix Crop Technologies, Inc.). 

Developing, microspore-derived embryos are bein used to 
study lipid metabolism (K. Pomeroy, Agriculture ~ a n a d a f .  A dra- 
matic increase in lipid coincides with the development of cotyledons 
which takes place between 10 to 14 days of culture or during the 
transition from the globular to the heart stage. This increase in lipid 
content is represented almost exclusively by the accumulation of 
triglycerides. Furthermore, the changes in the relative content of the 
different classes of triglycerides during the development of the 
gametic embryos parallels the changes in zygotic embryos. The 
microspore culture system may therefore provide a model system for 
lipid metabolism during embryogenesis. 

The use of anther and microspore cultures continues to be a 
major activity for many Brassica breeding groups. Many oilseed rape 
breeders are using doubled-haploids extensively and some lines are in 
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advanced stages of field testing and may soon be released as licensed 
cultivars (S. Pleines, Hilleshog AB, Sweden). Field studies have 
shown that the majority of doubled-haploid lines produced from any 
given F, cross are not as useful as the parental lines for breeding but 
a small percentage appear to be better in man aspects, and there 
can be advances within a breeding program. 8egregiltion of mor- 
phological and biochemical traits generally occurs as would be theo- 
retically expected, however, the selection of some genotype may 
occur preferentially as a result of the tissue culture procedure. The 
degree to which plants represent a random sample of the genetic 
combinations of the parental material requires further study. 

Anther and microspore culture techniques have great potential 
as a tool to support Brassica cultivar development and promise to be 
even more so with ever-increasing numbers of responsive species and 
advances in selection and molecular techniques for transformation. 

References: 1. Kott, L.S., L. Polsoni, B. Ellis, and W.D. Beversdort 1988. Can. J. Bot. 
66:1665-1670. 

2. Lichter, R. 1982. Pflanzenphysiologie 105:427-434. 
3. Fan, Z., KC. Armstrong, and W.k  Keller. 1988. Protoplasma 147:191-199. 
4. Fan, Z., L. Holbrook, and W.A. Keller. 1988. Proc. Seventh Int. Rapeseed 

Congress, Pognan, Poland, 11-14 May 1987,1:92-96. 
5. Swanson, E.B., M.P. Coumans, G.L. Brown, J.D. Patel, and W.D. Beversdorf. 

1988. Plant Cell Rep. 723-87. 
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Organelle Manipulation by Cybridization: 
Methods, Results, and Applications 

Induced fusion of isolated protoplasts followed by regeneration 
of entire plants allows the mixing of cytoplasms and the screening or 
the selection of recombined forms of cytoplasmic genetic characteris- 
tics. These forms are called cybrids for cytoplasmic hybrids. Cybrids 
may result from either exchange of chloroplasts or mitochondria or 
recombination between parental organelle genomes. 

The introduction of Ogura radish cytoplasm into Brassica is an 
example of an alloplasmic situation (in this case intergeneric) ex- 
pressing cytoplasmic male sterility (CMS) together with side effects. 

The most visible side effect concerns the vegetative organs 
which are chlorophyll deficient, a disharmony between Brassica 
nucleus and radish cytoplasm which is also found in the reverse com- 
bination, without male sterility, when radish nucleus and Brassica 
campestris cytoplasm are combined. 

Other side effects concern reproductive organs. There is 
reduced nectar production and frequently narrower petals which 
result in the flowers being less attractive to bees and consequently a 
poor seed set for commercial use. Secondly, abnormal ovaries and 
external ovules are sometimes found, leading to an inability to 
develop seed at all. All these side effects rendered this cytoplasm of 
no practical value in hybrid seed production. 

In rapeseed (Brassica napus) fusions were performed between a 
normal cultivar (the spring-type variety Brutor) and another line 
bearing the Ogura cytoplasm. The two parents differ by both mito- 
chondrial and chloroplastic characters visible at the plant level 
(respectively male-fertilelmale-sterile and green/chlorophyll defi- 
cient). Green male-sterile plants were picked from regenerated 
plants obtained without selection from colonies derived from a mix- 
ture of parental protoplasts treated with PEG as a fusogen. These 
plants possessed the Brassica napus chloroplast genome and recom- 
bined mitochondria1 genomes. 

G. Pellecier 
Laboratoire de Biologie 

Cellulaire 
INRA 

78026 Versailles Cedex 
France 

Although these plants were identical concerning the chlorophyll 
content, they varied in flower morphology. Those having good nectar 
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production (80% of control fertile plants) and a normal seed set were 
chosen to introduce their cytoplasm in breeding programs by sexual 
crosses or by protoplast fusion. Among these new male-sterile cyto- 
plasms, some are able to increase significantly the productivity of the 
variety. 

The same cytoplasms selected in this experiment with B. napus 
were introduced in B. oleracea breeding programs by sexual crosses. 
In the new combinations so obtained (B. oleracea nucleus, B. napus 
chloroplast, and recombined mitochondria between B. napus and 
Ogura Raphanus sativus), some defects reappeared. 

In the meantime, protoplast fusions were performed between 
normal B. oleracea (cv. Cavalier Vert) and B. oleracea with Ogura 
cytoplasm. The same screening method as previously used with B. 
napus allowed us to obtain ten green male-sterile plants from 600 
regenerants. Mitochondria] DNA patterns of these cybrids showed a 
large variability resulting from intergeneric mitochondria1 recombina- 
tions. Among these cybrids, some showed complete correction of all 
side effects and are very promising for F, hybrid production. 

The results emphasize the practical importance of mitochon- 
drial recombination for the im~rovement of allo~lasmic male steriles. 
In the future it is possible to i&agine the use of sources of CMS which 
are still unusable in agronomical conditions after recombination of 
their cytoplasmic information with the normal one. 

Expression of Members of the S Gene Family 

June B. Nasmlloh The self-incompatibility sequences occur as multiple related 
Section of Plant Biology copies in the Brassica genome. We have so far shown that two gene 
Plant Science Building members of this family are expressed. One of these genes is the S- 
Cornell University 
Ithaca, New York locus-specific glycoprotein structural gene and is referred to as the 

SLG gene. The other gene has been designated SLRl and has been 
studied by postdoctoral fellow Beth Lalonde (Lalonde et al., 1989). 
The expression of both of these genes has been demonstrated by the 
isolation of corresponding clones from stigma cDNA libraries, and 
the use of the respective cDNA probes has revealed similarities and 
also profound differences in the properties of the two genes. Both 
the SLG and SLRl genes show the same general pattern of 
expression. 

The transcripts encoded by these genes cannot be detected in 
leaf, seedling, or style tissue. They are, however, expressed in the 
stigma at levels which vary with the developmental stage of the flower 
buds, with maximal levels of S-transcripts attained at one day prior to 
flower opening in correlation with the onset of self-incompatibility in 
the stigma. In situ hybridization has shown that both transcripts are 
exclusively localized in the stigma papillar cells. Differences in the 
details of expression can be noted, however. Based on their relative 
representation in cDNA libraries, SLRl transcripts are approxi- 
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mately seven times more abundant than SLG transcripts. In addition, 
and perhaps as a consequence of their higher abundance, SLRl tran- 
scripts are first detected by in situ hybridization a full day or several 
buds earlier than SLG transcripts. Interestingly, stigmas also become 
competent in sustaining pollen tube growth at approximately the 
same early bud stage. More substantial and significant differences 
between the two genes are revealed by sequence and genetic analy- 
ses. The conclusion that the SLG gene was involved in determining 
S-allele specificity was based largely on the demonstration of allele- 
associated sequence variability and on the co-segregation of the cor- 
responding restriction fragment length polymorphisms with the S- 
alleles in genetic crosses. In comparisons between different S-allele 
homozygotes, we had shown that SLG sequences encoded polypep- 
tides that were at  most 80% homologous in their most conserved 
regions and only 40% homologous in a variable region which we sug- 
gested to be a determinant of allelic specificity. 

Extensive polymorphism and co-segregation with S-alleles has 
been documented for the S-locus-specific glycoproteins themselves 
and for the S-related DNA sequences revealed by hybridization with 
SLG-encoding cDNA probes. In contrast, the analysis of SLRl 
sequences isolated from three different S-allele homozygotes has 
demonstrated that this gene is highly conserved and encodes identical 
proteins in strains that differ in their S alleles, and cannot, therefore, 
be a determinant of allelic specificity. This high degree of conserva- 
tion is reflected in the limited restriction fragment length polymor- 
phism exhibited by SLRl sequences in a survey of a number of dif- 
ferent S genotypes. A clear case of SLR1-associated polymorphism 
was, however, uncovered in a comparison of two lines of B. oleracea, 
a kale inbred homozygous for the S6 allele and a cabbage inbred 
homozygous for the S14 allele, and was used to demonstrate that the 
SLRl gene lies outside the S locus. 

The existence of the SLRl gene had not been revealed by clas- 
sical genetic studies. The demonstration that this additional member 
of the S gene family is also expressed suggests the existence of a fam- 
ily of related proteins in the Brassica flower. The primary translation 
products of SLG and SLRl are 70% homologous and share common 
structural features which include the presence of a signal peptide, 
glycosylation, and the same precise arrangement of eleven cysteine 
residues at the carboxyl terminus of the molecule. We do not as yet 
know what the function of these proteins and their involvement in 
pollen recognition are. The extreme conservation of SLRl 
sequences even in different Brassica species, and their expression to 
high levels even in self-compatible strains in which the SLG gene is 
either not functional or not expressed, suggests for the SLRl protein 
product a fundamental role in pollination events in Brassica. 

. ~ . 0 . ~ . 0 . 0 . 0 . 0 . 0 . 0 . ~ . 0 . ~ . 0 . 0 . 0 .  
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Spatial and Temporal Regulation of Genes 
Activated During Seed Germination 

Seed germination is a critical transition period in the sporo- 
phytic life cycle of higher plants during which quiescent embryos 
undergo a series of differentiation events resulting in the formation of 
viable young seedlings. Studies of germinating seed physiology have 
indicated that many of the processes associated with seedling growth 
are substantially different from those which characterize embryos 
(reviewed in Bewley and Black, 1983). A major objective of the 
research in our laboratory is to define the cellular processes that reg- 
ulate the transition between embryogeny and germination. Our pri- 
mary approach has been to study events intimately associated with 
seed germination, and we are studying these events primarily at the 
level of gene expression. The rationale is that defining the mecha- 
nisms involved in regulating genes that encode prevalent products 
during germination will provide information about the signals that 
initiate the transition from an embryonic to a postgerminative pro- 
gram of development. In this abstract, we discuss aspects of our work 
related to germination. 

Our studies have provided support for the concept that differ- 
ential gene activity underlies the morphological and physiological 

rocesses associated with germination (Harada et al., 1988a). 
! .  peclfically, we identified mRNAs, designated postgermination- 
abundant mRNAs, that are abundant in seedlings but are either 
undetectable or present at very low levels in immature embryos, dry 
seeds, and leaves (Harada et al., 1988b). The patterns of mRNA 
accumulation suggest that the corresponding genes play a role in 
functions related to seedling growth. Thus, a major shift in the 
genetic activity of the sporophyte occurs during seed germination. 
Our current studies focus on two sets of postgermination-abundant 
mRNAs whose accumulation patterns appear to reflect differences in 
cotyledon and axis physiology in seedlings. One group of mRNAs 
accumulates primarily in cotyledons (cotyledon-abundant mRNAs) 
while another is seedling-axis abundant. 

Analysis of the temporal patterns of mRNA accumulation 
showed that virtually all cotyledon-abundant genes are expressed 
similarly. The mRNAs begin to accumulate during late embryogeny, 
are most prevalent in seedlings, and are at low to undetectable levels 
in leaves. Because eukaryotic organisms often regulate batteries of 
genes involved in related developmental processes through a com- 
mon mechanism, we speculated that the products of cotyledon-abun- 
dant genes could play a role in the mobilization of storage reserve 
macromolecules during postgerminative growth. Evidence to sup- 
port this hypothesis was obtained by showing that mRNAs encoding 
isocitrate lyase and malate synthase, two glyoxylate-cycle enzymes 
involved in lipid mobilization, exhibit patterns of mRNA accumula- 
tion that are identical to other cotyledon-abundant mRNAs (Comai 
et aL, 1989). Thus, several aspects of cotyledon development during 
seedling growth may be regulated similarly. We have also obtained 



evidence to suggest that isocitrate lyase and malate synthase genes 
are coordinately expressed by showing that the mRNAs display iden- 
tical distribution patterns in seedlings imbibed to two days. 

In contrast to the cotyledon-abundant mRNAs, we found that 
two axis-abundant mRNAs did not exhibit similar temporal accumu- 
lation patterns. The difference probably reflects the fact that the axis 
is a complex seedling part composed of several organs and numerous 
tissue and cell types. We have focused on one mRNA, designated 
AX92, that accumulates during early embryogenesis, is abundant in 
axes of seedlings, and is detected in mature organs of the plant 
(EJarada et al., 1988b). The gene is of particular interest to us 
because AX92 mRNA appears to accumulate tissue-specifically in 
the ground meristem and cortex of seedlings (Dietrich et aaL, 1989). 
Distribution of the mRNA in meristematic regions of seedlings sug- 
gests that the gene is expressed during early stages of cortical cell dif- 
ferentiation. Because differentiation of cortical cells is thought to 
begin at approximately 7 days post-anthesis, the gene may be a useful 
marker for tissue differentiation events that occur early in embryoge- 
nesis. 

Our current efforts are devoted to defining the cellular pro- 
cesses which activate genes encoding isocitrate lyase, malate synthase 
genes, and the cortex-specific mRNA. All three genes are expressed 
at high levels in seedlings, but they are also expressed during embryo- 
geny. We believe that determining signals in embryos and seedlings 
will provide insight into the nature of regulatory events which control 
the transition between embryogeny and postgermination. 
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Characterization of Brassica Seed-Specific - 

Promoters and Their Expression in 
Transformed Rapeseed 

We are using transformation of Brassica napus as a tool to study 
elements which control gene expression in developing seeds and 
which can be used to regulate the expression of foreign genes in 
transgenic lines of rapeseed. Neutral lipid accumulation and storage 
protein synthesis are two developmentally regulated processes 
unique to the embryo tissues of Brassica. Our studies are currently 
concentrating on two marker genes for proteins associated with these 
slight1 different phases of embryo development: acyl carrier protein 
( A C P ~  and napin. 

Acyl carrier protein is an essential cofactor for fatty acid biosyn- 
thesis. We have isolated a cDNA clone for ACP that is expressed 
predominantly in the embryo, although some expression can be 
detected in leaf tissue. The timing of expression of this ACP gene in 
seeds closely follows the accumulation of neutral lipids. A genomic 
clone corresponding to the cDNA has been sequenced. 

Napin is one of the two major classes of seed storage proteins in 
Brassica. Other groups have isolated and characterized cDNA and 
genomic clones from B. napus representing members of the napin 
multigene family. We have isolated a napin cDNA clone from B. 
campeshis and sequenced the corresponding genomic clone. Tran- 
scription of the B. campeshis napin gene (named "1-2") or its homo- 
logue in B. napus ("gNa") is roughly coincident with the peak of lipid 
synthesis, but is distinctly later than expression of the ACP genes. 

DNA sequences flanking the coding region for napin in the 
"1-2" genomic clone have been used to express an ACP gene in trans- 
genic B. napus var. Westar plants. Steady state levels of mRNA tran- 
scribed from the chimeric construct were quite high in embryos, but 
not detected in leaves of the transgenic plants. The level of expres- 
sion of the gene ranges from 0.1 to 1.0% of the total m R N k  
Endogenous ACP mRNA (for all ACP genes) in normal rapeseed 
embryos is less than 0.1% of the total mRNA, whereas the endoge- 
nous "1-2" napin mRNA is 1.0% of the total. Therefore, the level of 
expression of the chimeric gene appears to be controlled by the napin 
gene elements. The timing of expression during embryo develop- 
ment for the chimeric gene resembled that of napin, being slightly 
later than the transcription of the endogenous ACP genes in B. 
napus. All of our observations indicate that the tissue specificity, the 
timing of expression during embryo development, and the levels of 
steady state mRNA are controlled by the genomic promoter and 
transcription termination regions of the napin gene rather than the 
ACP coding region. 

A comparison of the levels and timing of expression of napin 
ACP promoters is being more closely examined using the E. col~ P- 
glucuronidase (GUS) as a reporter gene. Transgenic plant tissues 
can be easily assayed for GUS activity levels with high sensitivity, and 



characteristics of individual napin and ACP promoters can be investi- 
gated independently from the other members of their gene families. 
In general, our results with chimeric GUS constructs suggest that a 
wide range of levels of gene expression are possible in transgenic 
lines. Expression levels from a single-gene construct differ widely 
between transgenic plants, probably due to chromosomal position of 
the genes after transformation. However, differences observed in 
endogenous levels of gene expression between the ACP and napin 
promoters are maintained in transgenic plants on the average. Cur- 
rently, we are studying a surprising difference in expression between 
chimeric GUS genes transcribed from the two very similar "gNa" and 
"1-2" napin promoters. Expression of these two different constructs 
in transgenic plants may differ due to minor sequence heterogeneities 
between the promoters andlor translational effects resulting from 
small differences in the untranslated leaders of the constructs. 

Our results make us confident that the regulatory elements 
from embryo-specific genes in Brassica can be adapted to achieve 
specific expression levels of either 1) genes from other sources 
encoding fatty acid biosynthetic enzymes that might modify oil con- 
tent or composition or 2) antisense gene constructs designed to lower 
expression levels of specific endogenous genes normally expressed in 
rapeseed emhryc~s (such as the glucosinohte biosynthetic enzymes or 
the desaturase responsible for linolenic acid synthesis). 

Arabidopsis as a Model for Understanding 
the Molecular Basis of Fatty Acid 
Composition 

We have isolated a series of mutants ofArabidopsis with specific J. Browse 
alterations in leaf fattv acid com~osition. These mutants have uro- Institute of Biological 
vided considerable iniormation 6n the enzymology of desatura'tion Chemistry 

and on the control of cellular lipid metabolism (Kunst et aL, 1988; Washington State University 

Browse et al., 1989). More importantly, the mutants have provided a Pullman, Washington 

means of directly addressing the quesiion of how the fatgacid corn- 
position of thylakoid membranes affects chloroplast structure 
Browse et al., 1985; Hugly et al., 1989). I shall briefly summarize our 8 .  ndlngs in . these areas, but my main description will be of a new set of 

mutants we have isolated which have alterations in the fatty acid 
composition of their seed oils. 

Many crop species produce seed oils in which the fatty acid 
composition is not ideally suited to the intended use. The application 
of conventional breeding methods, coupled with chemical mutagene- 
sis, has resulted in the production of new varieties of several species 
with desirable alterations in the fatty acid composition of seed oil. A 
notable example is th'e development of low erucic acid varieties of 
rapeseed. Similar efforts have resulted in the reduction of the level 
of polyunsaturated IS-carbon fatty acids in soybean oil and linseed 
oil. Most of the genetic variation in seed lipid fatty acid composition 
appears to involve the presence of an allele of a gene which disrupts 
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normal fatty acid metabolism and leads to an accumulation of inter- 
mediate fatty acid products in the seed storage lipids. However, it 
seems likely that, because of the inherent limitations of this 
approach, many other desirable changes in seed oil fatty acid compo- 
sition may require the directed application of genetic engineering 
methods. Unfortunately, as in many other aspects of plant biology, 
the lack of specific information about the biochemistry and regulation 
of lipid metabolism makes it difficult to predict how the introduction 
of one or a few genes might usefully alter seed lipid synthesis. An 
additional problem arises from the fact that many of the key enzymes 
of lipid metabolism are membrane bound, and attempts to solubilize 
and purify them from plant sources have not been successful. 

The fatty acid composition of the Arabidopsis mutants are 
shown in Table 1. Our analysis of the mutants affecting fatty acid 
desaturation (fadE, fadF) and fatty acid elongation (fael) revealed 
that the phenotype of each heterozygote was intermediate between 
the homozygous mutant and wild-type. This gene dosage effect indi- 
cates that over-expression of the wild-type genes VodE, fadF, fael) in 
transgenic plants would be a viable strategy for altering seed oil com- 
position. 

Tuble 1. Seed mutants Mutant Gene 
of Arubidopsis. line symbol 16:O 

Wild type 9 
JB9 fadE 6 
JB21 9 
BLI fadF 6 
J620 fael 10 
J B l l  10 

Fattv Acid Comwsition 
18:O 18:l 18:2 18:3 

3 15 29 20 
3 57 1 6 
3 31 20 15 
3 19 47 2 
3 24 37 24 
3 13 24 27 

References: 

The mutants will also make it possible to clone these genes. 
Because of its small genome size and low proportion of repetitive 
DNA, Arabidopsk has become a model for plant molecular genetics. 
A detailed restriction fragment length polymorphism (RFLP) map is 
available. This, together with cosmid or yeast artificial chromosome 
libraries, will make it possible to identify and clone the genes for 
which mapped mutants are available by chromosome walking. Alter- 
natively, the transformation of Arabidopsk with components of the 
corn transposon system Ac/Ds now makes it possible to plan for the 
cloning of genes for which mutants can be isolated by transposon 
tagging. 

1. Browse, J., P. McCourt, and C.R. Somerville. 1985. A mutant of Arabidopsis 
lacking a chloroplast specific lipid. Science 227:763-765. 

2. Kunst, L., J. Browse, and C.R. Somerville. 1988. Altered regulation of lipid 
biosynthesis in a mutant ofArabidopsis deficient in chloroplast glycerol phos- 
phate acyltransferase activity. Proc. Natl. Acad. Sci. (USA) 854143-4147. 

3. Browse, J., L. Kunst, S. Anderson, S. Hugly, and C.R. Somerville. 1989. A 
mutant ofArabidopsir deficient in the chloroplast 16:1/18:1 desaturase. Plant 
Physiol. 90:(in press). 

4. Hugly, S., L. Kunst, J. Browse, and C.R. Somerville. 1989. Enhanced thermal 
tolerance and altered chloroplast ultrastructure in a mutant of Arabidopsis 
deficient in lipid desaturation. Plant Physiol. 90:(in press). 
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Use of Cytoplasmic Male Sterility in the 
Production of Oilseed Rape F1 Hybrids 

The CMS (cytoplasmic male sterility) system has the most T. Shim 
promising future for F, seed production of oilseed rape. During the Sakata seed Corporation 
last two decades, several CMS systems were found from various cru- Sodegaura 

cifer species. Among the CMS systems, the Napus CMS system Chiba 299-02 

seems to have a high probability of success when applied to F, seed Japan 

production systems. 

The Napur CMS was found independently by Thompson in 
1972 and Shiga and Baba in 1971 and 1973 in the progeny of 
intraspecific crosses. The Napus CMS system has the following 
advantages. 1) There are abundant fertility restoring varieties. This 
enables the breeder to select the C line which has the higher com- 
bining ability from a large population. 2) Its S cytoplasm is native to 
Brass~ca napus. The chlorosis in low temperature never occurs which 
is thought to be caused by interaction between exotic cytoplasm and 
nucleus. 3) The female fertility is high in CMS plants. 4) Selfed 
seeds can be obtained from the CMS plants. The Napus CMS plant 
can produce viable pollen under high temperature conditions. In 
Europe and Canada, the oilseed rape undergoes anthesis at higher 
temperatures and eventually produces pollen. Utilizing these phe- 
nomena, the new system for F, seed production was proposed. The 
F, seed is produced in Japan and Korea where the Napus CMS never 
produces pollen, and the seed from CMS plants is produced in 
Europe and Canada. 

The disadvantage is that fewer maintainer varieties have been 
found. Thus breeding the maintainer variety is time consuming. An 
efficient procedure for breeding maintainers is proposed by the use of 
asymmetric fusion. 
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I. Vegetable Crops Breeding 

Chair: 
K Rub- 
Dept. of Vegetable Crops 
University of California 
Davis, California 

Scribes: 
B. Mirundu 
Northrup King Research 
Gilroy, California 

J. McFerson 
USDA-ARS 
Geneva, New York 

Mike Dickson, Dept. of Horticultural Sciences, Cornell Universify 
reported on his work (Workshop Abstract #5) with CMS material 
derived from Brassica nigra x B. oleracea work initiated by Oscar 
Pearson some 20 years ago. He  screened large F, populations seek- 
ing to improve through selection the poor seed s& characteristics of 
the material. Nectaries have to be attractive in order to have bees 
work the flowers. Mike has released several broccoli lines. He  
anticipates the release of a cauliflower line very soon, with perhaps 
cabbage lines to follow. They might benefit from some testing in 
West Coast conditions. [A Sluis & Groot representative mentioned 
some chlorosis was observed in Nigra CMS material.] 

Dickson also investigated black rot (Xanthomonas campestris) 
resistance in cauliflower and broccoli. The major source of resistance 
is PI 436606, a cabbage from China. The broccoli lines are advancing 
more rapidly than the cauliflowers. Brassicn napus also appears to 
have a high level of black rot resistance with dominant gene action. 
He  emphasized that juvenile resistance to black rot is separate from 
adult plant resistance, and that screening is necessary for both. 

Virtual immunity with adult plants to lepidopterous insects 
occurs with the glossy dark green foliage character. There are some 
materials with normal foliage that give about 60% resistance which 
could reduce the number of sprays used for control. This work has 
lead to some serendipitous development of heat tolerance. Mike 
indicated there are some excellent sources of heat resistance in some 
broccoli lines, and that material from Wellesbourne lines has shown 
excellent cold tolerance. 

Although the work has not continued, considerable variation 
for aphid resistance was observed. Considerable variation also was 
seen for thrip resistance. Few genes appear to be involved in that 
resistance, and the character might be breed for quickly. Some culti- 
vars already seem to have a good level of resistance. 

Interest remains strong in the exotic or specialty crucifers such 
as the orange-colored cauliflower curd. Mike was hopeful that pri- 
vate firms would increase seed supplies of these commodities as he 
has had a problem in responding to the demand for samples. 

Hans Borzgers outlined the breeding objectives for his firm, 
Nunhems Zaden BV (Workshop Abstract #I). The firm is involved 
in breeding hybrids of Brussels sprouts and broccoli using the SI sys- 
tem and breeding radish using CMS. Their preference is for a CMS 
system for all the crucifer commodities. In the future it may be possi- 
ble to get the Ogura cytoplasm via protoplast fusion into B. oleracea. 
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Anther culture and microspore work is giving good results and par- 
tially replacing conventional programs. Doubled haploid production 
is becoming routine. He  would like to see the development of more 
techniques for in vitro screens. Work concerned with transformation 
for certain characteristics such as insertion of a BT toxin gene is of 
high interest. 

Programs are in place to find resistance to black rot, white blis- 
ter, and downy mildew. Black rot is the most important crucifer dis- 
ease problem in Holland. Seed assay is now routine. Black leg is 
occasionally a problem. A screen for ringspot, Mycosphaerella brassi- 
cicola, the second most important crucifer disease, is under develop- 
ment at Wageningen [Emst van den Ende, the project leader for this 
research, briefly described that effort] as is continuing research for 
clubroot, Plasrnodiop/zora brassicae. While clubroot is not of major 
importance in Holland, it is in other parts of Europe. However, it is 
sometimes a problem in Brussels sprouts production in Holland. 
Because resistance is polygenetic, progress for resistance breeding is 
not rapid. Mention was made about clubroot-resistant broccoli intro- 
duced by Baggett. 

Resistance to other diseases, such as light leaf spot, white blis- 
ter,Altemaria brassicae, and downy mildew is developing by means of 
field selection of tolerance. Downy mildew is more important in 
greenhouse production. Alternaria is difficult to work with and is a 
problem in seed production, because it can be seed borne. Welles- 
bourne attempted to develop a toxin screen for resistance, but the 
program was abandoned because of certain difficulties encountered. 

Bongers concluded that there is a high priority given to seeking 
resistance to all pests and diseases because of increasing restrictions 
on use of agricultural chemicals. Breeding for insect resistance in 
Holland is for the moment relegated to public research institutions. 

Following this presentation, general discussion brought out the 
following points: 

Relatively little effort is directed toward breeding for food quality 
characteristics; other problems command more attention. 

F, hybrids appear to be displacing open pollinated lines (OPs) 
for most crucifers, although the acceptance of F, cauliflowers is slow. 
One person stated that hybrids do not consistently outperform OPs, 
and the industry perception is that the hybrids are more "slot depen- 
dent" than OPs. 

Losses from black rot infections continue to occur. The disease 
is seed borne, hot water seed treatment is not totally effective, and 
early development in transplant can result in significant losses. Epi- 
demiology is not completely clear, but weeds seem to serve as a 
source of primary inoculum in many instances. Black rot survival in 
soil is important in Holland as a source of inoculum. Seed borne 
black rot comes in earlier and thus is a greater problem in certain 
areas than other sources of inoculum. A research program for black 
rot control was recently begun in Wageningen. 

Mention was made that Osborn will be starting some work in 
Wisconsin to evaluate the usefulness of RFLPs in screening for resis- 
tance to black rot in broccoli and cauliflower. 
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b Another area of biotechnology contributing to breeding pro- 
grams is anther culture with the expectation it will become even more 
important. 

Joao Carlos da Silva Dias, Portugal, currently at the Dept. of 
Plant Pathology at the University of Wisconsin, discussed his work 
and that of Portuguese colleagues (Workshop Abstract #16) with 
Portuguese cabbages and kales. He  has been expanding the Por- 
tuguese landrace collection of these crops. The kales are generally 
for animal feeding; the cabbages for human use. Cole crop consump- 
tion in Portugal is 70 k er capita, and the Portuguese cabbages 
account for about 20 to ! 5 & o of that amount. These crops are found 
in Portugal and in other areas with strong Portuguese influence. The 
germplasm consists of many landraces with high variability within 
them. Silva Dias is using RFLPs and isozymes to characterize these 
lines. All accessions appear to have high levels of resistance to downy 
mildew, which appears to be effective across many races of the 

athogen. All the Portuguese types are very susceptible to black rot. 
gome lines exhibit fusarium resistance. For most Portuguese cru- 
cifers,Altentaria, ringspot, and powdery mildew are major problems. 

Rob Badtam, Nort/zrup King Company, discussed the impor- 
tance of crucifer germplasm collections. A suggestion made during 
the last Crucifer Crop Advisory Committee meeting was presented to 
the workshop; that is, a bulk sample be enerated of the different 
collections (re., broccoli, cauliflower, etcfj by placing a sample of 
each PI in a field and allowing random mating. The suggestion was 
generally opposed because it was felt that it would be dificult to 
screen for given characters from such a diverse bulk sample. 

Another suggestion receiving some, but less than enthusiastic, 
response was that seed firms should contribute to the regeneration of 
certain plant introductions in declining supply or quality by including 
these in breeding cages with noncrossing crops or in separate small 
cages. Some concern was voiced as to what would constitute a mini- 
mum number of plants; about 50 plants was suggested. Barham also 
summarized the recommendations of the Crucifer Crop Advisory 
Committee for plant breeding needs. The most important traits to 
evaluate in the germplasm collection include resistance to black rot, 
heat stress, lepidopterous insects, and aphids. 

Jim McFerson USDA-ARS, Geneva Regional Plant Introduction 
Station, reported on the status of the Station's crucifer collection. 
Overall, it is in bad shape. He asked for advice and assistance from 
the private sector to improve the situation. Geneva, because of its 
climatic environment, is not a good location for increasing accessions. 
More than one-half of the material needs to be reiuvenated. He is 
now collecting data to get a more accurate picture df the condition of 
the collection. He is targeting the most important Plant Introduc- 
tions for increase, and expressed a need for help from the seed indus- 
try with making some of the increases. The workshop participants 
expressed the view that the National Plant Germplasm System needs 
to be better funded so that routine operational and maintenance pro- 
cedures are provided for adequate and accurate working collections. 
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11. Molecular Biology and Transformation 

Transformation: 
Brassica napus: As reported by S.G. Metz (Workshop Abstract #12), 
explant source has been hypocotyls of week-old seedlings. Both 
kanamycin and gentamicin are useful selectable markers; successful 
selection results have been obtained with both. Hygromycin has not 
been evaluated, and direct glyphosate selection is not efficient. 
Transformation efficiency on a per explant basis is 0 to 5%. One, 
two, and more than two inserts have been used successfully. Regen- 
eration frequency is 80%. Much of the work is subject to regulation. 
Field trials must be approved by the USDA in the USA and by Ag 
Canada in Canada. The bioengineered crop will need to be 
approved. Use of herbicide in the crop will need to be approved. 
Brassica campestris: (See Poster Abstract: Facciotti el al., p. 48) The 
same procedure as that used for B. napus will work (hypocotyls of 
week-old seedlings). Transformation efficiency on a per explant basis 
is 0 to 9%. Single and multiple insertions have been used. Regenera- 
tion frequency is 40 to 50%. This is not expected to affect the rate of 
transformation. 
Brassica oleracea: (See Poster Abstract: Christey and Earle, p. 46) 
Explant source has been peduncle of Green Comet broccoli. There 
is a serious problem with explant hpersensitivity to Agrobacteiium 
tumefaciens. With kanamycin (50 mgil) as selection marker, there 
has been very low efficiency. Addition of Carb (Geopen) to media 
has helped. Cefotaxime is toxic to Brassica explants, but is used in 
common with vancomycin. There have been no problems with 
regeneration. 

Molecular biology: 
C. Makarofl reported on mitochondrial DNA alterations asso- 

ciated with male sterility in Ogura radish (Workshop Abstract #lo). 
Three genes, atp6, afpA, and coxl, have been mapped near break- 
points of rearrangements in the Ogura genome relative to the normal 
radish genome; the three genes exhibit altered transcript patterns. 
Also transcribed with atp6 is an Ogura-specific, 105 amino acid ORF. 
In most cases short, repeated sequences are found at rearrangement 
breakpoints. Three possible effects of the Ogura cytoplasm on cyto- 
plasmic male-sterility (CMS) were noted: (1) the altered atp6 could 
cause CMS since it is not completely functional; it cannot supply 
energy demands during pollen formation; (2) ORF 105 is a killer 
gene; (3) neither is involved in CMS. 

E. Earle discussed novel mitochondrial genomes in somatic 
hybrids. Somatic hybrids of Brassica napus were synthesized, con- 
taining B. campestris chloroplasts and mitochondria from both par- 
ents. The mitochondrial genomes were altered; rearrangements 
were identified in atp9, atp6, coxl, and atpA. Novel fragments were 
found in the altered atp9; all versions had the same 11.0 kb fragment, 
some contained a 20.5 kb fragment. Some fertile plants produced the 
ogura atp6 transcript. 

. 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . ~ . 0 . 0 . 0 .  
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IV. Molecular Markers and Gene Mapping 

Chair and Scribe: The general theme of this workshop was the development and 
T.C. osborn use of molecular markers, both restriction fragment length polymor- 
Dept. of Agronomy phisms (RFLPs) and isozymes, to study genome evolution and 
University of Wisconsin 
Madison, Wisconsin 

genetic control of traits in Brassica. The workshop began with a pre- 
sentation by Mitch McGratla on the development and analysis of 
chromosome addition lines in Brassica (Workshop Abstract #11). 
He reported on the development of several types of addition lines 
with different genome constitutions and on the analysis of these lines 
with molecular markers in order to identify the chromosome compo- 
sition of the lines and to assign markers to particular chromosomes. 

The next presentation, by Kerning Song, dealt with the use of 
RFLPs for Brassica taxonomy (Workshop Abstract #17). He dis- 
cussed some of the basic considerations in using these markers for 
taxonomy and then presented data from analyses of cultivated and 
wild diploid Brassica accessions. These data were used to hypothe- 
size the geographic dispersal of cultivated Brassica species. A phy- 
logeny also was presented for oilseed cultivars of B. napus. 

Following Song's presentation, there was some discussion on 
methodology for scoring and analyzing RFLP data in phylogenetic 
studies. It was noted that scoring RFLPs as unit characters (Song's 
method) does not provide as much information as other methods. 
But it also was recognized that this method is much simpler and 
allows for screening with many probes which would give better 
genome coverage and reduce potential bias of individual fragments in 
the pooled data set. Suzanne Wanvick noted that there are many 
unknowns about evolution that affect assumptions related to 
methodology. She followed this discussion with some brief comments 
on her research using chloroplast RFLPs for studying Brassica taxon- 
omy and evolution. 

Scon Figdore presented comparative RFLP linkage maps for B. 
oleracea and B. campestris (Workshop Abstract #8). These maps 
were used to demonstrate the presence of duplicated regions within 
these genomes and the conservation of linkage arrangements 
between the genornes. Following this talk, there was discussion about 
the interpretation of data indicating duplicated RFLP loci. It was 
noted that one should first consider all duplicated loci in the genome 
to view the complete picture, then consider subsets that may repre- 
sent specific evolutionary events. The need for uniform nomencla- 
ture of loci and chromosomes was mentioned. 

The last presentation was by Steven Kilapp, and it dealt with 
methods for analyzing trait loci using molecular markers (Workshop 
Abstract #9). He presented models based on the use of single mark- 
ers and sets of linked markers, and demonstrated that the linked 
marker analysis was more powerful, especially for studies with widely 
spaced markers. 
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V. Disease, Pest, and Stress Resistance 

M. Dickson, ComeN University, Geneva, New York: In many 
places throughout the world, chemicals are no longer effective on 
lepidopterous insect species, e.g., the diamond-back moth. At 
Cornell we have two programs in place to develop resistance to the 
diamond-back moth. Program I employs PI 234599, a glossy leaf 
cauliflower with complete resistance in the mature plant. It is 
susceptible during the first 40 days after seeding. Program I1 seeks to 
add resistance to "normal leaf' Brassica oleracea. There is partial 
resistance or tolerance in broccoli, cabbage, and cauliflower lines. 
Most of the F,s made using these "normal leaf' lines have a rating of 
around 2 on a scale of infestation ranging from 1 (no infestation) to 5 
(severe). Broccoli insect resistant lines may also have some degree of 
heat tolerance. Material is available by specific, written request to M. 
Dickson. 

M. Whalen, University of California, Berkeley: I am looking for 
non-host resistance using Arabidopsis as host material. I have 
screened Arabidopsk ecotype Columbia (Col-o) for differential 
response to Xanthomonas campestris (Xcc) and Pseudomonas 
syringae (Psm). I found no differential response. I also screened 20 
other ecotypes of Arabidopsis against Psm and still found no 
differential response. When I screened Col-o against P. tomato Pst), 
I got a resistant reaction to Pst and a susceptible reaction to b sm. 
This ecotype is called Col (Psm(p10656.21)). I believe I have found 
an avirulent gene in this ecotype. I will be doing resistant x 
susceptible crosses to find out how the resistance mechanism works. 
When another fragment of the same size was inserted, either a null 
reaction or another ecotype with resistance was obtained. Five other 
ecotypes were thus obtained. 

K Shattuck, University of Guelph, Guelph, Ontario: TuMV is 
serious problem on rutabagas in southern Ontario. (In the next issue 
of Plant Disease one can find more details on this topic.) In Ontario 
the strains of TuMV on rutabaga are the Ontario strain and the Que- 
bec strain (a new strain). Resistance to these strains was found in two 
fodder rutabagas 'Calder' and 'Sensation'. Resistance is governed by 
a qualitative trait conditioned by a few genes (less than four but more 
than one). The main rutabaga variety grown, 'Laurentian', is highly 
susceptible. Shattuck and cooperators have developed the Quebec 
69 line. It is the first rutabaga line to be grown in presence of the C3 
strain TuMV and cauliflower TuMV in Ontario. The resistance of 
the Quebec 69 line is expressed as no symptoms until the plant 
changes over to reproductive mode. The virus is thus present in a 
symptomless plant, but it never really creates a major problem. 
TuMV is a major problem also in canola, but can also affect rapeseed 
by altering the erucic acid and glucosynalate levels. Cucumber 
mosaic virus (CuMV) has not been seen in Ontario, but cauliflower 
TuMV has been. It was pointed out from the audience that CuMV 
cannot be distinguished from TuMV on rape by symptoms. 

Chair: 
Richad L. Gabrielson 

Western Washington Research 
& Extension Center 

Washington State University 
Puyallup, Washington 

Scribe: 
G. Stem 

Hortinnova Royal Sluis 
San Juan Bautista, California 
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C. Thomas, USDA-ARS, Charleston, South Carolina: When we 
screened the USDA Plant Introduction Station Brassica oleracea 
collection for differentials that can be used for Peronosporaparasitica 
downy mildew), we found high levels of resistance in cabbage and $ russels sprout lines and very little resistance in broccoli, cauliflower, 

and kohlrabi lines. We want to develop a broccoli-host differential 
set, in which we can tell which race of mildew is present. Eventually, 
we will work with plant breeders to develop resistant broccoli, hope- 
fully with some heat tolerance. 

M. Ferreira, Dept. of Plant Pathology, University of Wisconsin, 
Madison: We have roposed a Phenotypic Recurrent Selection Pro- 
gram to develop P ! asmodwphora brassicae (clubroot) resistance in 
Brassica oleracea (Workshop Abstract #7). We have the following 
current sources of resistance: cabbage-'Badger Shipper', 'OSU', and 
'Resista'; broccoli-OSU lines; and cauliflower-'WaWi' and 
Chiang's lines. The problems with resistance to P. brassicae in B. 
oleracea are 1 )  polygenic inheritance and 2) plasticity of the pathogen 
(it can change to overcome resistance in a short time). The Program 
could involve three methods. (1) Resistant bulk seed would be sent 
to participants worldwide; participants would select for desirable 
traits other than clubroot resistance; participants would intercross the 
best plants and return seed from these; the returned seed from all 
participants would be bulked at the central station (the Crucifer 
Genetics Cooperative at the University of Wisconsin); the center 
would screen the bulk material for sources of resistance against a 
mixture of pathotypes, intercross the best plants, and bulk this seed 
(RRP); this bulk recombined seed would be sent back to participants; 
participants would reselect, bulk, and recombine the best plants and 
return seed to the central station. This cycle would be repeated until 
participants indicate that further selection is not needed. Our projec- 
tion is that by March 1998, we could have the third generation of a 
clubroot-resistant population. We hypothesize that the population 
would have a wide base of resistance to clubroot. Since the bulk seed 
will have been selected for important morphological traits, this pop- 
ulation should have desirable genotypic qualities. The advantage of 
this method is (a) that it eliminates the need for seed company par- 
ticipants to have pathologists present, (b) it eliminates the need to 
control environmental effects that may affect expression of resistance 
(as would be necessary if all screening were done at the central sta- 
tion), and (c) the resulting population would have been screened 
against all clubroot pathotypes. (2) This method is similar to the first 
except that pollen instead of seed would be sent to the central station. 
(3) This method is similar to the first except that the participants 
would also screen for clubroot resistance in addition to other charac- 
ters. 

Method 3 is probably undesirable since it could possibly mean 
developing a more virulent strain, all over the world. It would be bet- 
ter to do all clubroot resistance screening at the central station. The 
use of rapid-cycle genotypes as sources of resistance was not consid- 
ered advantageous since it might be difficult to return to good agro- 
nomic type with the end population. However, it was pointed out 
that possible advantages of using rapid-cycle genotypes were: (a) they 
might provide a better idea of the type of inheritance involved; (b) 
the hypothesis could be tested in a shorter period of time; and (c) it 
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would only take two backcrosses to go from the rapid-cycle back- 
ground to the cabbage agronomic type. It was further urged that 
rapid-cycle genotypes be considered, because (a) the actual length of 
time estimated for the Program might be underestimated; (b) if the 
resistance is being put back into different materials (cabbage, broc- 
coli, cauliflower, etc.), there will still be appreciable backcrossing; and 
(c) eight years from now enough RFLPs will be sufficiently mapped 
to facilitate backcrosses. 

Ferreira maintained that the primary opposition to use of 
rapid-cycle genotypes is that one is not exploiting the natural resis- 
tance already present in the nonrapid-cycle genotypes. Further 
comments from the audience included: (1) it might be better to keep 
the resistance distinct and separate, and distribute it worldwide; (2) a 
similar approach was tried with corn and worked well for a number of 
years, however, it ultimately fell apart due to a lack of stability 
between cooperators and the central station; (3) that if polygenic 
resistance is sought, a heterogenetic population is not useful. It 
would be better to just make resistant sources available so that 
breeders can select resistance to the desired clubroot race. While the 
proposal may claim to avoid requiring of participants the capability to 
screen, they will still need to ultimately, if they are putting resistance 
to a specific race into a specific type; and (4) the proposal seems 
worth committing to; it represents a beginning. 

P. Williams, Dept. of Plant Pathology, University of Wisconsin, 
Madiron: The National Vegetable Research Station at Wellesbourne 
recently surveyed landraces for clubroot resistance against a wide 
range of P. brassicne races and recommended the following group to 
be exploited: Bohnerwaldkohl, from Germany, the most resistant 
source; Binsachesener, from Germany; Horlensod; Ladoskaya, from 
Poland, nonspecific resistance; Vozazdinska, from Russia; and Bad- 
ger Shipper. 

VI. Hybrids and Population Improvement in 
Crucifers 
No discussion summary was available. Workshop Abstracts #2, #6, 
#13, and #14 represent presentations made during this workshop. 

. 0 . 0 . 0 . 0 . 0 . ~ . 0 . 0 . 0 . 0 . ~ . 0 . 0 . ~ . 0 .  
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VIII. Cell Biology 

Chair: P. Pauls discussed possible applications of microspore tech- 
P. h i s o n  nology (Workshop Abstract #4). He pointed out that doubled 
Paladin Hybrids Inc. haploid populations are very efficient for inheritance and selection 
Brampton, Ontario* Canada studies because the phenotypes represent a gametic array. For 
Scribe: example, erucic acid segregation in doubled haploid F, populations 
D. Simmnds were compared. Selection for cold tolerance may be possible in 
Plant Research Centre microspore cultures. Embryogenesis in a spring-type Brassica napus 
Agriculture Canada ('Topaz') decreased when treated at -20°C. On the other hand, 
Ottowa, Ontario embryogenesis in the winter type 'Jet Neuf was enhanced by a 

freezing treatment. The F, cross (Topaz x Jet Neuf) produced 
microspores in which embryogenesis was enhanced by a freezing 
treatment. Flow cytometry is ideally suited to examine the charac- 
teristics of microspores during culture. Measurements of cell size 
and viability can be made simultaneously, and populations that have 
a greater number of embryogenic cells can be sorted. 

L. Holbrook compared gametic and zygotic embryogenesis. He 
pointed out that evaluation of lipid content by histological staining 
was unreliable due to the variability in the microspore cultures. 

P. Amkon commented on the use of embryo rescue techniques 
for interspecific hybridization between different Brassica species. 
This approach has been quite successful for the production of hybrids 
that are not easily achieved by normal sexual means, e.g., B. napus x 
5. oleracea, B. juncea x 5. campestris, and B. juncea X B. napus. 
Hybrids with 2n=31 and 2n=43 chromosomes were recovered. All 
F, hybrids were male sterile. The backcross to B. napus followed by 
embryo rescue resulted in plants with k = 5 0  chromosomes and some 
pollen fertility. Further backcrosses have greatly restored fertility. 

Similar results have been reported by M. C h h e  et al. 
(Workshop Abstract #IS). Hybrids have been recovered for somatic 
hybridizations as well as by embryo rescue. The occurrence of a 
mechanical female sterility in B. napus plants derived originally from 
anther culture was reported. 
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IX. Genetics Conservation and Gene Banks 
in Cruciferae 

P. William: There are over 3,000 species of Cruciferae; who is Chair: 
concerned about conservation of these, who should be concerned? P.H. Williams 
The International Board for Plant Genetic Resources (IBPGR) pre- Dept. of Plant Pathology 

sented a global mandate for vegetable crop genetic resource conser- University of Wisconsin 

vation, but it is now more than ten years old. An IBPGR report on Madison, Wisconsin 

crucifer crop resources was published in 1980. It identified priority Scribe: 
regions for collection and categorized taxa into oilseed and vegetable P.E. McCuire 
crops. Primary repositories were to be in centers of primary and sec- Genetic Resources 
ondary diversity with a duplicate in a second site. For example, for Conservation Program 
leafy vegetable Brassica taxa, the primary repository is in Taiwan and University of California 

the secondary site is the United Kingdom. There are other IBPGR- 
designated repositories for crucifer material in Beijing, New Delhi, 
Ottawa, Wellesbourne, Wageningen, Madrid, Addis Ababa, Braun- 
schweig, and Leningrad. There is no IBPGR-designated crucifer 
repository in the United States. IBPGR has no collections of its own. 
It can activate advisory groups for specific problems or regions. 
IBPGR sponsors collections following the priorities that were set out. 
The procedure followed for such collections is to leave one half of the 
material in the host country if there is a storage facility. If there is 
not, IBPGR will work to establish one. There has existed an ad hoc 
IBPGR committee for crucifers since 1980. 

S. Kresovich, Natiortal Plant Germplasm System, Regional Plant 
Introduction Station, Geneva, New York: Long-term seed storage in 
the US is at the National Seed Storage Laboratory (NSSL) in Fort 
Collins, Colorado. It is also a backup site for IBPGR-national collec- 
tions. Currently funding for preservation is not the crucial issue. For 
the three to five thousand accessions possessed by the USDA, the 
issues are quality and viability. The past history of the collection has 
been problematic. There are cases where the names associated with 
the Plant Introduction numbers do not correspond to the material 
now identified by those numbers. In the past, there was an attempt 
to make the USDA collection represent a world collection. Perhaps 
this is not necessary, if a good network exists among sites throughout 
the world. There is increasing interest in the USDA collection from 
plant biologists and evolutionary biologists. There is also a research 
effort at  Geneva that is need oriented. Operations are in a rescue 
mode now and evaluations and enhancement activities are not possi- 
ble. There is an ongoing attempt to delete redundant material and 
fill in gaps; however, redundancy was the least of their problems. 

In response to questions from the audience, Dr. Kresovich 
noted that there is a role for groups like the Seed Savers Exchange 
and the Center for Plant Conservation in the large picture of plant 
genetic resources conservation. Within the limits of the databases 
available to him, his unit can direct researchers to other crucifer col- 
lections in the world for given materials. He  expects greater future 
interaction with the Crucifer Cro Advisory Committee (Crucifer 
CAC). P. Williams, chair of the 8 .  rucifer CAC, said it will soon be 
assembling its first report which will document world locations of cru- 
cifer genetic resources. 
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The comment was made that characterization of accessions is 
important especially for wild species, since they can be difficult to 
maintain. Dr. Williams responded that all information even if anec- 
dotal was im ortant. He noted that the National Plant Germplasm 
System (NP 8 S) was being rejuvenated. The NPGS was reviewed by 
the Government Accounting Office (GAO) ten years ago, and now 
the GAO is initiating a ten-year-retrospective review. 

Other collections of crucifer germplasm were described. Guy 
Baillargeon, a taxonomist with the Canadian Government maintains 
a collection of Sinaph, primarily from North Africa, now numbering 
1,400 accessions. It includes representatives of the other genera in 
the Brassicae tribe as well. The Canadian system is in the process of 
computerizing its inventory, and it should be on line next year. It was 
noted that an ecotype collection of Arabidopsir is maintained at 
Frankfurt-am-Main, Federal Republic of Germany by the Arabidop- 
sh Information Service. Dr. Williams mentioned the Crucifer 
Genetics Cooperative, which has 1,500 participants, maintains a col- 
lection of 150 stocks and serves as a repository for public genetic 
stocks. He also noted that there are three major repositories in Aus- 
tralia. A representative of the Volcani Center, Israel noted that the 
gene bank in Israel is rich in primitive varieties and landraces, but 
that crucifers are not very important. Those that are there are resis- 
tant to drought, salinity, and high pH. While European varieties of 
Sinaph alba vy have 40% erucic acid, wild-collected accessions 
have 48 to 56 o erucic ac~d in seeds. There appears to be a trend; the 
hotter the place of collection, the higher the erucic acid composition. 

An assertion was made that symbionts including pathogens 
should be collected along with genetic resources. A collection of 
pathogens of Dutch cabbage is maintained in the Netherlands. 

R. Prescott-Allen noted that reserves or protected areas could 
maintain genetic resources of interest to crop breeders; however, 
very few such areas have genetic resources protection as their man- 
date. He would hope to encourage such management in the future. 
There should be lists made and protocols developed for managers. 
Currently only in the German Democratic Republic is there any link 
between exsitu and in situ maintenance of genetic resources. 

Dr. C. Gdmez-Campo, Universidad Polit&cnica, Madrid, Spain 
reported that the Red Data Book of endangered species for Spain 
and the Canary Islands is now completed. He  considers ex situ con- 
servation as an emergency measure. Two species have been saved by 
exsitu conservation; they would be extinct if they were still waiting for 
in situ conservation. In the 200 accessions held in botanical gardens, 
20% identification error was found at the species level, 10% at the 
genus level. Botanical garden holdings account for about 10% of the 
native flora. 

LC, da Silva Dias, Institute Superior Agronomia, LFrbon, Pomrgal 
reported on the unique situation in Portugal with respect to cabbages 
and kales. There is no active breeding, and there is high demand for 
old familiar types which are proving to possess resistance to impor- 
tant diseases. His report is included as Workshop Abstract #3. 

. 0 . 0 . 0 . D . 0 . 0 . o . 0 . 0 . 0 . 0 . 0 . ~ ~ 0 . 0 .  
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1. CRUCIFER VEGETABLE BREEDING PROGRAM 
H. Bongers, Nunhems Zaden BV, Haelen, Holland 

Breedine Obiectives: Active breeding programs are oper- 
ated with the following crucifers: Brussels sprouts, broccoli, 
and radish. For each commodity the intention is the devel- 
opment of hybrid cultivars. The Brussels sprouts and broc- 
coli hybrids are obtained by self-incompatibility and for 

radish via the use of cytoplasmic male sterility, (CMS). We 
would prefer a CMS system over self-incompatibility in the 
Brassicas. In the near future it may be possible to get the 
Ogura cytoplasm via protoplast fusion in Brassica oleracea. 
Techniques: Anther and minosporeculture-This tech- 
nique, to obtain rapidly homozygous lines, gives good 
results and will partially replace the conventional breeding 
program rclativily soon. Milicrol)ropagstion is pouiblc by 
means of bud-cullurr. Whcrc transformation is considered 
(for instance a BT toxin gene), regeneration systems are 
achievable. Disease Resistance and Screening: Xan- 
thomonas campeshir (blackrot)-The detection method for 
this bacteria $now a ~outine analysis. Mycosphaerella bras- 
sicicola (ringspot) -Research is needed for a reliable artifi- 
cial test for resistance breeding. Plasmodiophora brassicae 
(clubroot)-Research project ongoing at the I.V.T., 
Wageningen. Resistance to other diseases, such as light leaf 
spot, white blister, Altemaria brassicae, and mildew is devel- 
oping hy means of field tolerance selections. Because of the 
number of permitted insecticides and fungicides will 
decrease, we are giving a very high priority to breeding for 
resistance or tolerance. For this purpose we need tech- 
niques for in vitro resistance screening. 

2. COMPARISON OF MICROSPORE-DERIVED AND SINGLE 
SEED DESCENT LINES OF OILSEED RAPE (BRASSICA NAPUS) 

D. Charne and WD. Beversdorf, University of Guelph, 
Guelph, Canada 

Doubled haploid lines (MD) were produced through 
minospore culture, and single seed descent lines (SSD) 
through self-pollination, from two crosses of spring-type 
Brassica napus (Westarropaz and RegentJWestar). All 
lines were evaluated in a replicated test at Elora, Ontario in 
1987 and 1988, and data collected for days to flowering and 
maturity, lodging, and seed yield. Oil and protein contents 
were also determined on a sample of seed from each plot. 
Means and variances of MD and SSD progenies were com- 
pared within each cross for each parameter. The normality 
of distribution of each trait was also assessed, and the 
shapes of distributions compared using a (nonparametric) 
Mann-Whitney U Test. 

There were no significant differences in variance 
between the MD and SSD progenies in either cross for any 
of the traits measured. Significant differences in means 
were detected in two cases: in the Westarropaz progenies, 
the mean protein content of SSD lines was significantly 
greater (R0.05) than that of MD lines (48.9% vs. 49.2%), 
while in the RegentlWestar progenies, MD lines showed 
significantly less lodging (P<0.01) than did SSD lines (2.3 
vs. 2.6 lodging units, where 1 is upright and 5 is prostrate). 
These differences were also detected as differences in the 
shapes of the distributions. These results demonstrate that 
doubled haploids produced through microspore culture 
represent a similar sampling of recombinant as do SSD 
lines, offering similar scope for genetic improvement. This 
should make haploidy especially attractive in breeding win- 
ter-type B. napus, where the use of microspore culture can 
allow a substantial reduction in the length of the breeding 
cycle. 
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3. PORTUGUESE CABBAGES AND KALES AS GENETIC 
RESOURCES FOR DISEASE RESISTANCE 

JiC. & Silra ~k"', A. hfonteirol and P.H. ~Uiams', 
Instituto Superior gronomia, Tapada da Ajuda, 1630 4 Lisboa-Portugal and Dept. of Plant Pathology, University 

of Wisconsin, Madison 
Portuguese cabbages also known as: couve tronchuda, 

tronchuda, true couve tronchuda, tranxuda, tronchuda kale, 
Portugal cabbage, dwarf Portugal cabbage, Portugal (sea) 
kale, sea kale cabbage, large-ribbed or large-veined cabbage, 
veined cabbage, and Braganza cabbage (English); chou 
tronchuda, chou (blond) B grosses d tes ,  chou B large d tes ,  
chou de Beauvais (French); are classified synonymously as 
Brassica oleracea var. tronchuda Bailey or B. oleracea var. 
costara DC. 

Portuguese cabbage is a larger heterogeneous group 
where the most important landraces or ecotypes are: 'Penca 
de Chaves' 'Penca de Mirandela', 'Penca da Povoa', 'Couve 
Gloria de Portugal', 'Couve de Valhascos', 'Couve Por- 
tuguesa', and 'Couve Murciana'. As a rule all these land- 
races are annual plants, with white flowers and character- 
ized as not forming a true head. Rather, the outer leaves 
fold in and the inner leaves overlap to form a loose pseudo- 
head. Surrounding the pseudohead is a rosette of large, 
well-developed leaves, with thick petioles. The outer leaves 
and those of the pseudohead are heavily veined. Landraces 
differ in ecological adaptation, growth cycle, and morpho- 
logical characters such as color and shape of the leaves and 
the size of the veins, the head, and the plant. 

One little-grown landrace which is increasing in pro- 
duction yearly is 'Couve grelo', a sprouting cabbage requir- 
ing no vernalization. Couve grelo produces no head but the 
young flowering shoots are consumed as "Portuguese broc- 
coli". Other interesting types are 'Coivao' and 'Couve cal- 
cuda' or 'Couve de Condeixa', both with long stalks and a 
pseudohead requiring more than one year to complete their 
reproductive cycles. The diversity among types of Por- 
tuguese cabbages is sometimes so great that mainly along 
the central coast region one can find a different landrace in 
each village! With this great heterogeneity it is not sur- 
prising to find that authors differ in their opinions about the 
classification of the Portuguese cabbage group. Portuguese 
cabbages appear to be an intermediate group between 
heading cabbages and the kales with many intergradations. 

Most of the known landraces of Portuguese cabbage 
are used for human consumption. The pseudohead and the 
outer leaves are very tender. The cabbage is used in soups 
and several dishes. It is very popular to eat the cabbage with 
cod at the Christmas season. 

'Couves galegas' or Portuguese tree kales (B. oleracea 
var. acephala DC) are headless plants, usually with large 
leaves, having long petioles and a single indeterminate 
woody stalk that can grow perfectly straight, sometimes 
reaching more than 2 m in height before bolting. Leaves are 
picked singly during the period of stem elongation and used 
for animal and human consumption. Kale leaves are used in 
the traditional soup "caldo verde". The tree kales are also 
highly variable with several forms of smooth and curled leaf 
types. Among the other kales are 'Couve poda', a branching 
kale that does not flower, and 'orelha de mufa', a type with 
large spatulate leaves, very distinct from other kales. Couve 
galega is grown throughout Portugal but is mainly found in 

central and northern parts and in the suburbs of large cities, 
such as Lisbon and Porto, where it is grown in thousands of 
small vegetable gardens. 

As pan of a national program on germplasm preserva- 
tion, we began two years ago collecting landraces of the Por- 
tuguese cabbages and kales. A number of them were in 
danger of extinction because they were being replaced by 
other Portuguese cabbages or by imported cabbages. There 
is no national breeding program for the Portuguese Brassi- 
cas which are only traditionally consumed by Portuguese 
people or  in areas of the world with strong Portuguese 
influence. Because of the limited market potential, com- 
mercial foreign seed companies have not been interested in 
improving the Portuguese types. 

Portuguese cabbages and kales have been under culti- 
vation in Portugal perhaps since Roman times or  earlier. 
They were among the first vegetables introduced to the 
western Iberian Peninsula. For centuries Brassica popula- 
tions have been improved and selected by farmers. Until 
the present, almost no scientific breeding has been carried 
out and thus a high degree of morphological and physio- 
logical variability can be found among the landraces. For 
this reason the Portuguese landraces were regarded as an 
important and promising gene pool for breeding. A survey 
of some representative landraces for disease resistance, by 
Monteiro & Williams (1988). confirmed that Portuguese 
cabbages and kales are an important source of potential 
resistance against downy mildew, clubroot, and Fusarium 
yellows. This survey is being continued on other landraces 
of Portuguese Brassicas, including 'Couve do Algarve', a 
Portuguese variety of B. oleracea var. capitata with compact 
head and yellow flowers which is almost extinct. 

4. FLOW CYTOMETRIC CHARACTERIZATION OFBRASSICA 
NAPUS MICROSPORE DEVELOPEMNT IN THE ANTHER AND 
IN CULTURE 

C. Deslaurien, K.E. Fuchs, S. Cloutier, A.D. PoweU, and XP. 
Paulr, Dept. of Crop Science, University of Guelph, Guelph, 
Ontario, Canada 

Minospore culture is an important technique used for 
the production of doubled haploids in rapeseed breeding 
programs. The developmental stage of the microspore is an 
important determinant of success in this procedure. Only 
microspores in the late uninucleate stage respond to the 
culture conditions and develop into embryos (Kott ct a[., 
1988, Can. J. Bot. 66:1658). By flow cytometry the fluores- 
cence and light scatter properties of large numbers of cells 
can be determined and correlated. This technique has been 
applied to characterize changes in the properties of 
minospore cells during their development in anthers and in 
culture. 

Microspores from Brossica napus (cv. Topaz) buds at 
an early stage (1.5.to 2.0 mm), middle stage (2.75.10 3.0 
mm), and a late stage (3.5.to 4.0 mm) of development were 
isolated and examined by flow cytometry. Maturation of the 
microspores was accompanied by changes in their forward 
angle light scatter (FALS) and 90" light scatter (90" IS) 
properties. These measurements are related to the cell size 
and cell granularity (density), respectively. In particular, 
samples of cells from young buds had two populations of 
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cells lhat could be distinguished on the basis of their SOo-LS 
pro~crties. Sortine emerimenls showed that the 
pophation with high %"-Gvalues consisted predominantly 
of tetrads. The population with lower 90"-LS values 
consisted of single cells, presumably freshly released 
microspores. In samples from larger cells the 90"-LS profile 
contained only a single peak. However, in these samples the 
FALS signal was split into two. The two populations 
represent microspores at different stages of maturation. 
This study should allow signposts of microspore maturation 
to be defined that will be used to rapidly assess the effects of 
environment and genotype on the development of 
microspores in donor plants for microspore culture. 

Although the microspore culture procedure is very 
productive (several hundred embryos can be produced from 
a few flower buds), only a small fraction of the potential is 
realized because only a few percent or less of the 
microspores that are cultured develop into plants. By far 
the highest loss occurs during the first few days of 
microspore culture. The changes in cell viability and cell 
size in the microspore cultures have been examined by flow 
cytometry. For these experiments the microspores were 
stained with the vital stain fluorescein diacetate (FDA) and 
the light scatter and fluorescence characteristics of freshly 
isolated microspores (day 0) and microspores that had been 
in culture for 1,3,5, and 7 days were measured. n o  popu- 
lations of cells were distinguished on the basis of correlated 
light scatter and fluorescence measurements, one which 
contained cells that were nonfluorescent (dead) and made 
up 30 to 50% of the total and a population of fluorescent 
(live) cells. Over the culture period the average size and 
fluorescence of the live cells increased, but the number of 
live cells declined. By day 7only 1% of the microspores that 
were placed into culture remained alive. The pattern of 
change is sensitive to environmental influences like cold 
treatments of microspore cultures. Sorting experiments to 
isolate large fluorescent cells on day 1 or day 3 resulted in 
microspore preparations that were enriched in cells com- 
mitted to embryogenesis compared to a manually plated 
mixture of stained cells. The flow cytometric procedures 
allow quantitative assessments of cell structure and function 
to be made which may have application in studies of plant 
development and improvement of haploidy procedures. 

5. CURRENT VEGETABLE CRUCIFER BRBEDING PROJECTS 

M.H. Dickson, New York State Agricultural Experiment 
Station, Geneva, New York 

Male sterility has been around for 20 years in crucifers, 
but so far has not become important. Recently we have 
returned to working with Brassica nigra cytosteriles, origi- 
nally developed by Oscar Pearson. The need was for better 
seed set and better floral formation. I used large F popula- 
tions (3000) per crop (broccoli, cauliflower, and ca8bage) to 
try to obtain desirable horticultural traits, good seed set, 
and normal flower formation. We have released broccoli 
lines and may soon release a cauliflower line. The Ogura or 
Raphano-cytosteriles looked promising, but because of the 
low temperature chlorosis have been set aside. However, it 

now appears these problems are being overcome by proto- 
plast and mitochondria1 manipulations. 

6. HYBRIDS AND POPULATION IMPROVEMENT 
M. Ehlwagv, J. Pare[, D. Chame, and I. GranJ, Allelii Crop 
Technologies, Inc., RR #4, Georgetown, Ontario, Canada 

Significant high-parent heterosis has been demon- 
strated in oilseed rape (Brassica napus L.) in several recent 
studies. The development and commercialization of hybrid 
cultivars could thus allow a substantial increase in both per 
acre yields and producer returns. A successful hybrid devel- 
opment program has three major components: population 
improvement, inbred production and testing, and hybrid 
synthesis and evaluation. The following is a summary of 
hybrid development strategies being employed by Allelix 
Crop Technologies in both spring and winter B. napus and 
spring B. campesnir. 

Source populations for inbred extraction were synthe- 
sized initially using elite breeding material and conventional 
cultivars. The performance of these populations for agro- 
nomic and quality traits and disease resistance is being 
improved using both intra- and interpopulation improve- 
men1 procedures. With both approaches, S1 and testcross 
progeny are produced and evaluated, alloulng an assess- 
ment of both per se performance and combining ability. By 
using an off-season nursery, and recombining superior Sls, 
we are able to complete one cycle of selection per year using 
this strategy. 

Inbreeding is continued in selected families, with 
expanded testing of progeny produced by crossing Sg or S4 
lines with one or two inbred testers. Elite S4 or S5 lines are 
intercrossed in a diallel or factorial design, in order to iden- 
tify both good general combiners and specific, high-per- 
forming hybrid combinations. The latter are multiplied, 
then evaluated in replicated, multi-location tests in order to 
identify hybrids with sufficient merit for entry into licensing 
trials. 

Introgression of s-alleles or cms cytoplasmlrestorer 
genes into inbreds begins at the S4 level and continues with 
three or four backcrosses to the recurrent parent. This 
allows conversion of superior inbreds to incompatible or 
male-sterile forms within two years, so that a hybrid is in its 
finished form at such time as it enters government testing. 
We use elite inbreds from Cycle 1 populations as testers in 
successive cycles of selection. For interpopulation 
improvement, we also use a bulk pollen sample from the 
opposite population as a broad-based tester. 

7. PLASMODIOPHORABR/LSSIOIE RESISTANCE RECURRENT 
SELECIION PROGRAM (PBRRSP) 
M.E. Ferreira and Pa. Williams, Dept. of Plant Pathology, 
University of Wisconsin, Madison 

During the session on Disease Resistance and Screen- 
ing at the Crucifer Genetics Workshop IV, held at the Uni- 
versity of Wisconsin, Madison, October 12-14, 1987, part of 
the discussion was centered on the urgent need to initiate a 
global research effort to develop broad-based durable resis- 
tance against the devastating effects of clubroot, caused by 
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Plasmodwphora brassicae. A collaborative international 
program involving private and governmental research insti- 
iuti6ns engaged h'recurrent selection for resistance to P. 
brassicae was proposed. We plan to initiate and coordinate 
this program to develop resistance to a wide range of P. 
brassicae pathotypes into populations of various Brassica 
species. 

The program would be structured as follows. Brassica 
cultivars and landraces regarded as the most effective 
sources of resistance available would be used to generate 
the cycle zero (CO) population (within B. oleracea this 
would include, for example, Bohmerwaldkohl, Bindsach- 
sener, Badger Shipper, Ladoskaya, Vazazdinsko, Petibor, 
Horlensod, etc.). These resistant pollen recipients would 
have been screened in the Crucifer Genetics Coooerative 
(CrGC) facilities against a rcprzsentativc mixture ofisolates 
from the localitie of participant, in thc PBRRSP and from 
the CrGC Plasn~r~dfpl~ora brusricue u,llcction. Rz\rarchcrs 
from different regibns and countries would collect pollen 
from plants of their most desired locally adapted cultivars. 
The pollen of these cultivars would be sent to the CrGC - 
University of Wisconsin - Madison, where it would be used 
to pollinate the resistant plants mentioned above. The 
seeds harvested would constitute the CO population, and 
they would be bulked, sampled, and sent back to the partici- 
pants who would initiate a new cycle of selection in the field. 
Samples of seed would also be stored at the CrGC for later 
comparison with the populations developed in each cycle of 
selection. Subsamples of the seed would be grown to 
identify resistant plants to receive pollen coming from the 
participant sites in the next cycle. This recurrent selection 
program would continue as long as it was useful to 
cooperating participants. 

We will discuss the details of this and two other alter- 
native phenotypic recurrent selection schemes with those 
interested in becoming involved with the program. A model 
of the program from 1989 to 2033 will be presented. This 
approach to developing a pool of P. brassicae resistance 
from a broad germplasm base would be relatively easy to 
accomplish. The program would lead to the development of 
populations of several Brassica species with high levels of 
resistance to a range of pathogenic variation in P. brassicae. 

8. COMPARING THE LINKAGE ARRANGEMENT OF RFLP 
Locl AMONG POPULATIONS GENERATED FROM VARIOUS 
BRASSIcA SURSPECIES AND SPECIES CROSSES 

S. Figdore, M. Slocurn, L. Morricon, and J. Suzuki, NPI, Salt 
Lake City, Utah 

Using a common set of genomic cloned fragments 
derived from the cauliflower accession 'Early White', we 
have COnSt~cted RFLF' linkage maps in four different F2 
segregating populations generated from crosses involving 
different Brassica subspecies and species. The use of a 
common set of probes in these mapping efforts has permit- 
ted a comparison of the linkage arrangement of RFLF' loci 
in different accessions, providing preliminaly insight into 
genome structure and assessment of the degree of similar- 
ityldissimilarity among the different germplasm sources 
examined. 

A majority (92%) of the probes we identified as useful 
in detecting RFLPs in EcoRI-digested parental DNA acces- 

sions hybridized to multiple (>2) restriction fragments 
when filters were washed in 0.25~ SSC and 0.1% SDS at 
60°C. Segregation analyses of multiple fragments demon- 
strated the presence of duplicated loci, located primarily 
between linkage groups. A strong conselvation of the rela- 
tive linkage arrangement of clusters of duplicated loci was 
frequently observed among linkage groups, and a conserva- 
tion of the arrangement of duplicated loci was often 
observed between populations examined in this study. 

A variety of genomic rearrangements were detected 
among the parental accessions examined. The hybridization 
patterns of some clones supported the presence of dele- 
tion/insertion type rearrangements, duplications, inversions, 
and translocations. Differences in the linkage arrangement 
of loci in B. oleracea versus B. campeshis accessions were 
detected, and could be associated with the generation of 9 
versus 10 linkage groups, respectively, in maps of these dif- 
ferent species. Differences in the linkage distances between 
loci in the various populations were also observed. The sig- 
nificance of these findings will be discussed, particularly 
within the context of the practical usage of these molecular 
markers in developing linkage associations with quantitative 
trait loci and other aspects of applied breeding programs. 

. . . . . . . . .  .*..... . . . . . . . . .  

WORKSHOP EMPHASIZING USES OF DOUBLED HAPLOID 
PROGENY IN WESEED 
SJ. Knapp, Dept. of Crop Science, Oregon State University, 
Corvallis 

Classical quantitative genetic methods enable esti- 
mating and testing hypotheses about genetic variances, heri- 
tability, and other population parameters. Quantitative 
genetics has lacked widely applicable methods for testing 
hypotheses about the effects of quantitative trait loci (Q 
loci), so it has been impossible to investigate questions 
about loci underlying continuous or complex discrete phe- 
notypic distributions. The limitations of classical experi- 
mental systems are overcome by molecular marker linkage 
map experimental systems. Segregating codominant marker 
loci are used in the latter to estimate the effects of linked Q 
loci. The idea of using segregating marker loci to make 
inferences about linked quantitative trait loci is an old one; 
however, the dcvelopmeit of saturated restriction fragment 
lencth D~~Ymo~~hiSm linkacc mnDs and so~histicated mcth- 
o d s  foi &timating Q lo& parameters' has led to the 
widespread use of marker methods. These methods enable 
tests of hypotheses about the effects and location of puta- 
tive Q loci. The gross objective of marker map experiments 
is the estimation of Q locus means and linkage map dis- 
tances between Q and marker loci. I have used the phrase 
'quasi-Mendelian analysis' to describe this sort of aialysic. 
Mathcrnatical models for quasi-Mendelian analyses describe 
the Mendelian genetics of marker and quantitaiive trait loci 
as a function of-a dependent variable (quan~irative trait). 

Altcrnativc models and their use in auasi-Mendelian 
analyses are the subject of this paper. ~ e ' h a v e  described 
linear and nonlinear statistical models and maximum likeli- 
hood methods for estimating Q locus means and map dis- 
tances in doubled haploid (DH), recombinant inbred, back- 
cross, various testcross, F2, and F3 progeny. Our methods 



require linked codominant marker loci. Linear model anal- 
yses are a convenient and efficient way of estimating Q locus 
effects, especially when progeny are grown in replicated 
experimental designs in different environments. Nonlinear 
model analyscs arc useful for estimating map distances anJ 
Q locus efTects. but reauirc suhstantiallv greater Droeram- 
ming than linear modeianalyses. The mGmum Iikeghood 
analyses we have proposed may be executed with standard 
linear or nonlinear least squares statistical software, e.8, 
SAS or BMDP. Estimating map distances is more difficult 
than estimating Q locus means and effects because map dis- 
tances are less well determined than means, ie., map dis- 
tances are estimated with less power than are means. Thus, 
sample sizes required for cfficicnt mapping of Q loci are 
greater than those required for detecting Q locus effects. 
Map distance estimates are environmentallv dependent. so , . 
i t  is' prohably expedient to estimate distances averagt- .*lover 
environments. In certain experimental situations. i t  mav he 
difficult to biologically or &thematically justify &timating 
map distances. DH progeny experiments were used to illus- 
trate different problems and analyses because of the impor- 
tance and widespread use of DH progeny in Brassica napus 
L. breeding and genetics. 

. . . . . . . . .  ....**. . . . . . . . . .  

10. MITOCHONDRIAL DNA ALERTATIONS ASSOCIATED 
WITH MALE-STERILITY IN OGURA RADISH 

CA. Makaroff, ZJ. Apel, andJD. Palner, Dept. of Biology, 
University of Michigan, Ann Arbor 

The Ogura cytoplasm of radish was the first example oC 
~~toplasmi~rnale~ste~ility in a crucifer. We are intcrcsied in 
idcntifvine the altcmtionfs) associated w i t h  male.sterilitv in 
0guraSra&sh and deter&i6ing how these alterations r&lt 
in the male-sterile phenotype. We have studied the struc- 
tural organization and expression of the mitochondrial 
genome of Ogura radish and compared it to that of normal 
radish. Numerous rearrangements and inversions have 
been identified in the Ogura genome relative to that of 
normal radish. The transcriptional patterns of several 
known mitochondrial genes and of rearranged mitochon- 
drial sequences were examined in three nuclear back- 
grounds. Three genes, aip6, arpA, and cod, map near rear- 
rangement breakpoints and exhibit altered transcript pat- 
terns. These genes have been sequenced and their tran- 
script termini determined. Rearrangements have occurred 
within transcriptional units for coxl and ap6,  whereas rear- 
rangement breakpoints are located outside the boundaries 
of the mature a p A  transcript. Rearrangement 100 bp 5' to 
the coxI initiator methionine has generated a new 5' tran- 
script terminus. Rearrangement breakpoints have been 
identified both within the coding region of arp6 and 3' to the 
gene in Ogura radish. Numerous nuclwtide substitutions 
are predicted to eliminate normal translation of Ogura ap6,  
which is co-transcribed with an Ogura-specific 105 amino 
acid ORF. Rearrangement brcakpoints wcrc mapped 500 
bp 5' and 1500 bp 3' to the a p A  coding region. Differences 
in the a p A  transcript pattern are due to altered processing 
of Ogura-specific sequences. Short repeated sequences are 
found near most of the rearrangement breakpoints. 
Although a common sequence does not appear in these 

repeated regions, their presence suggests that the rear- 
rangements have occurred through homologous recombina- 
tion. 

J.M. McCrath and C.F. Qims, Dept. of Vegetable Crops, 
University of California, Davis 

Isozyme sampling of more than 20 accessions of Bras- 
sica campesois, fertility analysis of sub-speciEc hybrids, and 
genetic analysis of isozyme and some morphological traits 
show this species in the process of speciation. Nei genetic 
diversity estimates for 10 to 14 isozyme loci (6 of which are 
monomorphic across the species range) indicate that the 
historical Euro-centric view of the origin of B. campesnir is 
erroneous. Greater diversity is found among the Asian 
groups. Among the Asian groups, the Indian turnip 
'Shelgham' shows the greatest morphological diversity as 
enlarged hypocotyl and self-compatibility are segregating in 
the small populations tested. Genetic analysis of turnip 
formation shows a single major gene controls the presence 
or absence of enlarged hypocotyl. A scheme of evolution 
for this species may be origin of a turnip-like progenitor in a 
large area centered in Afghanistan, independent bi-direc- 
tional radiation (i) to N China followed by diversification to 
Chinese cabbage and (ii) towards SE Asia (ie., the pak choi 
group). The European radiation has likely occurred later 
from the turnip followed by the development of oilseed 
varieties. 

It.  ENGINEERED GLWHOSATE TOLERANCE IN CANOLA 

S.G. Metz, G.M. hbhore, HJ. Klee, C.S. Gasser, J.S. Hurt, and 
X Dehnnay, Monsanto Co., St. Louis, Missouri 

The major weed problems associated with producing 
canola are those of the Cmciferae family; especially wild 
mustard and stinkweed. If the canola crop were genetically 
engineered to be tolerant to glyphosate, the active ingredi- 
ent in Roundup herbicide, a less expensive, more effective, 
more environmentally sound, and more broadly applicable 
herbicide alternative would be available to canola 
producers. 

Plants of canola (Brassica napus) cv. Westar have been 
transformed and regenerated according to the procedure 
desmibcd by Fryet aL (Plant Cell Reports 6:321-325). Stem 
segments collected prior to bolting are surface sterilized, cut 
into 3 mm segments which must be maintained in the 
proper orientation, and inoculated with a dilute solution of 
Agrobacterium iumefaciens containing the gene conferring 
tolerance to Roundup herbicide. After a 2-day co-culture 
period the stems are placed on gentamicin selection media 
until small shoots are formed. The shoots are excised and 
placed directly into a soilless mix for rooting. 

We have used our transformation system to engineer 
canola for tolerance to Roundup herbicide. The first plants 
which have been tested have carried the EPSPs gene iso- 
lated from Ambidopsis, driven by the CaMV 35s promoter. 
The gene is inherited in a dominant Mendelian fashion 
through all the generations tested. T@ically the position 
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effect of the insertion plays a significant role in expression 
of the trait, with the population giving a bell-shaped curve. 
R, progeny are first tested in the greenhouse and then 
tested in the field. 

In 1988 field trials in Canada, engineered canola plants 
expressed tolerance to Roundup herbicide, however, not at 
commercial levels. Avenues of interest which may increase 
tolerance to commercial levels arc tissue specific promoters 
and variant EPSP smthascs. In  the ~reliminarv trials the 
yield, oil quantity, &I quality, and maiurity were'not signifi- 
cant ly  alIe&d b$'the tiSsuc culture process. 

- 

We havc dcmonstratcd the concept of elwhosate tol- 
erance in canola by engineering planis whizhbverexpress 
the EPSPs enzyme or which express an enzyme which has 
reduced affinity to glyphosate. In the future, improvements 
can be made which make this a commercially viable route 
for weed control in canola. 

13. SELECTION FOR COMBINING ABILITY IN BRASSICA 
NAPUS 

J. Pafel, M. E h p a g y ,  D. Charne. and I. Grant, Allelix Crop 
Technologies, Inc., 6850 Goreway Drive, Mississauga, 
Ontario, Canada 

Combining ability analysis for seed yield and days to 
maturity was carried out on 72 hand-crossed hybrids of 
spring-type Brassica napus. These hybrids were produced 
using five male inbreds and 15 female inbreds, three of 
which had been previously selected for general combining 
ability (GCA). All hybrids were evaluated at two Manitoba 
locations (Rosebank and Minto) in 1988, along with the 
check cultivar, Westar. A combined analysis of variance 
detected significant location and genotype effects, but no 
genotype x location interaction. Partitioning of hybrids 
variance into mean squares due to males, females, and 
males x females showed all three components lo be highly 
significant (P<0.01). Combining ability analysis detected 
significant GCA and SCA variances: however. the GCA 
viriances for both pcld and maturity wcrc approximately 20 
fold the SCA varian~s.  indicatine a nrcdominance of addi- 
tive genetic variance €0; both trairs. bmparison of the dis- 
tribution of hybrids in this study with those in the previous 
study from which some of the inbreds had been obtained 
(Patel et al., 1987) revealed a substantial increase in the 
proportion of early-maturing, high-yielding hybrids. These 
results indicate the importance of selection for combining 
ability in developing high-performing hybrids of oilseed 
rape. 

14. COMBINING ABILITY ANALYSIS OF NEWLY-DEVELOPED 
CMS (A) AND RESTORER LINES IN SPRING BRASSICA NAPUS 

J. Patel, M. Elhalwagy, I. Grant, and D. Charm, Allelix Crop 
Technologics, Inc., 6850 Goreway Drive, Mississauga, 
Ontario, Canada 

Combining ahility and hybrid performance k)r s c d  
sicld and maturitv wcre invcsticated in snrine-tvne Brassico 

1 u 2. 

hapus using a & inbreds (Llines) and lines carlying the 
'Italy' restorer factor (R lines). A total of 192 hybrids, rep- 
resenting 36 A x R  combinations, were evaluated in repli- 

cated trials at Rosebank, Manitoba, and Minto, Manitoba, 
in 1988. Combining ability analysis based on a lixed effects 
model detected highly significant (Pe0.01) general (GCA) 
and specific (SCA) combining ability for both traits. While 
GCA and SCA variances contributed equally to yield per- 
formance, GCA was relatively more important than SCA 
for days to maturity. The importance of SCA for yield indi- 
cates the contribution of nonadditive genetic efiects of 
hybrid performance. More than half of the hybrid combina- 
tions outyielded the check cultivar, Westar, and some of 
these were also earlier maturing than the check. These 
results indicate that it is possible to obtain high-performing 
hybrids using the g a s  system. Further sclcction for 
wmbining ability should result in production of hybrids 
with even greater performance. 

15. CYTOPLASMIC hhLE STERILITY IN CRUCIFERAE 
M. Renurd, INRA, Station d'Amelioration des Plantes, 
Le Rheu, France 

We illustrate the organization of plant breeding 
research in France through the example of a coordinated 
program on cytoplasmic male sterility (CMS) in Cruciferae 
involving several partners. Two main species are concerned 
in this work: rapeseed (Brassica napus) and cabhage (B. 
oleracea). The applied objective is to obtain a CMS system 
in these crops for production of F hybrid varieties. The 
fundamental objective is the study ol Cruciferae cytoplasmic 
genomes and mainly mitochondrial genes either having an 
impact on plant productivity or which are directly involved 
in CMS. 

A. Financial support is obtained from the ministries of 
agriculture, and research and technology for basic research. 
Associations like CETIOM (Centre Technique Interprofes- 
sional des Olhgineux Metropolitains) and PROMOSOL 
(Association pour la Promotion de la SBlection des Plantes 
OIBagineuses) promote this research by direct investments 
in laboratories and by salaries. Private firms are involved by 
grants into INRA laboratories and are also performing a 
part of the project in their own laboratories. 

B. The three following objectives are coordinated by 
INRA: 

a) Identification and improvement of cytoplasmic male 
sterility sources. Several CMS sources are studied in paral- 
lel: Ogura, Polima, Diplotaris, B. juncea, B. napus. Allo- 
plasmic male sterilities are obtained by interspecific crosses, 
requiring embryo culture. The improvement of cytoplasms 
is performed through protoplast fusion, chloroplast 
exchange, and mitochondrial recombination permitting 
agronomical characteristics like chlorophyll content, nectar 
production, flower and fruit development to be normalized. 

b )  Agronomical and molecular characterization of CMS 
systems. Cytoplasms obtained by methods described above 
are studied in different genetic backgrounds of rapeseed and 
cabbage for seed production (pollination by bees, fruit 
development, sced sct). Each new cytoplasm obtained by 
protoplast fusion is characterized by chloroplast and mito- 
chondrial restriction profiles with several restriction 
enzymes. 

c) Studies on the genetic material in devices for hybrid 
seeds production. Aner a first choice among the different 
cytoplasms, those having superior quality are tested on large 
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scale experimental devices for hybrid seed production of 
male sterile or restored Fl,hybrids. 

C. Several research tnstltutes are involved in the pro- 
gram. They are represented by Universities (Orsay, Perpig- 
nan, Rennes), CNRS (Gntre National dc la Recherche Sci- 
entifique), and foreign institutions (Academy of Agricul- 
tural Sciences, Shangai, China; Plant Breeding Institute, 
Poman, Poland). 

D. Young scientists are engaged in basic research at 
INRA or CNRS on various aspects of this work through 
diploma or thesis. 

E. The marketing and release of the genetic material 
obtained is done through contractual collaboration for 
marketing of varieties among AGRI-OBTENTION, the 
subsidtary seed company of INRA, and private firms: 
SERASEM, Clause, Desprez, Gauthier, and Vilmorin. 
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16. GLUCOSINOLATE CONTENT AND NUTRITIONAL VALUE 
OF PORTUGUESE CABBAGE AND KALE 

E. Rosa*, A. Monteiro* *, J.M.G. Tom-Pereira* and C A  
Porn'" 
"Universidade de Tras-os-Montes e Alto Douro, Quinta de 
Prados, P-5 000 Vila Real, Portugal; **lnstituto Superior 
de Agronomia, Tapada da Ajuda, P-1300 Lisboa, Portugal 

Cole crops represent about 25% of the Portuguese 
vegetable production ranking third after potato and tomato. 
Brassica oleracea capizata and B. o. sabauda cabbages are 
over 50% and Portuguese cabbage (B. o. var. cosmra) are 
circa 20% of the total Brassica crop production. Brassica 
plants play a major role in the Portuguese diet, beinga most 
important vegetahle, second to potatoes only. The quite 
high consumption of Brassica vegetables is estimated at 70 
kg per person per year, ranking first in Europe and perhaps 
in the world. These fieures motivated research on the nutri- 
tive \.aluc and glucosi~~~lale u~ntenl of Portuguesc uhhagw 
and kales in ordcr to establish diHercnces between the Por- 
tuguese material and the main European cabbage types. 

Morphological diversity is very high among the various 
ecotypes of Portuguese cabbage. This may correspond to 
quality differences related to chemical composition and glu- 
cosinolate content. Quality studies were conducted on rep- 
resentative ecotypes from a large collection, which includes 
germplasm from the various regions of Portugal. Tests also 
intended to evaluate the influence of local Vila Real cli- 
matic factors on edible quality and different composition of 
the various plant organs. 

In trials conducted in 1988 (to be repeated in 1989), 
five varieties were used: nvu types of Portuguesc cabbage 
(B. oleracea var. costnta), one leaf lype called 'Galega' (B. o. 
var. acephala), one leafy type called 'Nabica' (B. rapa var. 
napobrassica), and one hybrid head type (B. 0. var. capitata). 
The first two varieties are cultivated for the loose head and 
bud flowers, the B.o. acephala and B. r. napobrassica vari- 
eties are cultivated for the leaves and bud Rowers and the B. 
o. capitata for the head. B. o. capitata was the control to 
compare gluwsinolate content under Portuguese climate 
with other countries in Europe. These plants were culti- 
vated during two seasons (Spring-Summer and Autumn- 
Winter) in order to allow quality characterization and pro- 
tein, minerals, and total and individual glucosinolates ana- 
lytical determinations evcry two weeks along each season. 

Among the results already available from the first sea- 
son (Spring-Summer), it must be stressed the high value of 
calcium in the leaves of Galega and Portuguese cabbage, 
over 400 and 350 mg per 100 g of the edible portion, respec- 
tively, and the protein content of the leaves, which reaches 
2.8 g per 100 g of the edible portion in Galega and Nabica. 
In the second season (Autumn-Winter), the values have the 
same tendencies, but the figures are a little higher. As such, 
we got for calcium in the kale type Galega and Portuguese 
cabbage over 500 and 380 mg per 100 g of ediblc portion, 
respectively. The protein content is over 4.6 g per 100 g of 
edible portion in the leaves of Galega and about 4.0 g in 
Nabica. Other mineral (Mg, K, P, Fe, S, Mn, and Zn) con- 
tents were also investigated. Petioles are poorer in protein 
when compared with leaves and heads. For calcium, the 
highest values are found in leaves, followed by petioles and 
stems, heads coming last. The second season gave higher 
values than the first. 
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Total gluwsinolates present a very significant variation 
(P<0.01) between varieties among seasons and between 
seasons. The levels of these compounds reach maximum 
value in the heads when compared with the leaves and the 
Kahiw typc prescntb in this k s c  the highest values, around 
320umoles per 100 g fresh weight. The hiehat value of all 
are obtained in the iower buds of ~abica,-with 850 pmoles 
per 100 g fresh weight, the Portuguese cabbage presenting 
half of this value. Portuguese cabbages have very low gln- 
cosinolate content . These varieties also have about 60 
pmoles per 100 g fresh weight in the leaves and about 200 
pmoles per 100 g fresh weight. However, these figures are 
season dependent. Total glucosinolates show variation 
during the day, with the highest value in the afternoon (6 
pm) according to a sampling made in two warm consecutive 
days every four hours from 6 am to 10 pm, local Vila Rcal 
Autumn time. 

K.M. Song, T.C. Osborn, and P.H. Williams, University of 
Wisconsin, Madison 

RFLPs have been used to study genome evolution and 
phylogeny in Brassica and allied genera. Fifty-four acces- 
sions including eight diploid species, ten accessions of B. 
rapa, nine cultivated types and thirteen wild forms of B. 
olerncea, and sixteen cultivars of B. napus were examined 
with more than thirty random genomic DNA probes which 
mapped to eight different linkage groups of the B. rapa 
genome. Phylogenetic trees were constructed by the PAUP 
microcomputer program based on the RFLP data. 

Results from these studies indicated that 1) There exist 
two basic evolutionary pathways for diploid species: one 
pathway gave rise to B. fnrticulosa, B. nigra, and Sinapis 
arvensis, etc. with B. adpressa or a close relative as the initial 
ancestor; and another pathway resulted in B. oleracea and B. 
rapa with Diplotaxis erucoides or a close relative as the ini- 
tial ancestor. B. roumifonii, Raphanus sativus, and Eruca 
sativus represented intermediate types between the two lin- 
eages and might have been derived from introgres- 
sionhybridization between species belonging to different 
lineages. Molecular evidence for an ascending order of 
chromosome numbers in the evolution of Brassica and 
allied genera were obtained on the basis of RFLP data and 
phylogenetic analysis. 2) Cultivated B. oleracea morpho- 
types showed monophyletic origin with wild B. nlboglabra 
andlor B. oleracea as possible ancestors. Various kales in 
cultivated B. oleracea constitute a highly diverse group and 
represent the primitive morphotypes from which cabbage, 
broccoli, cauliflower, etc. have evolved. Cauliflower was 
found to be closely related to broccoli, whereas cabbage was 
closely related to leafy kales. 3) There was large diversity 
among the thirteen wild forms of B. oleracea examined, rep- 
resenting various taxonomic states from subspecies to 
species. These wild forms were classified into four groups 
based on RFLP analysis, represented by B. oleracea, B. crrr- 
ica. B. mpesnis, and B. macrocarpa, respectively. 4) Within 
B. rapa, Pak choi, narinosa, and Chinese cabbage consti- 
tuted a group distinct from turnip and wild populations, 
consistent with our previous hypothesis that B. rapa had two 
centers of domestication. A wild accession collected from 

India was found to be positioned in the tree between Euro- 
pean types and East Asian types, implying an evolutiona~y 
pathway from Europe to India then to South China. 5) 
Much less polymorphism was detected among the sixteen 
commercial cultivars of oil seeds rape, indicating all of these 
cultivars have narrow genetic bases. The phylogenetic rela- 
tionships between these cultivars seem to be correlated to 
their pedigrees. 

. . . . . . . . .  **...** . . . . . . . . .  
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Agriculture Canada, Saskatmn, Saskatchewan 

IV. Molecular markers and gene mapping 
Chok T.C. Oshom 
University of Wisconsin, Madison 

5:15-6:15pm POSTER SESSION 

7 : m m  BANQUET 
8:3Gpm Keynote Speech: 

Use of cytoplasmic male sterility in the 
production of F, hybrids 
T. Shka 
Plant Biotechnology Center, Sabta  Seed, Japan 

Sunday, April 9 

8 : m  SYMPOSIUM Il 
aoon 

BRASSIC4 BIOTECHNOLOGY: STATE OF 
THE SCIENCE 
Choir; JJ. Hnnda 
University of California, Davis 

Organelle manipulation by cybridization: 
Methods, results, and applications 
G. PcUsUer 
INRA, Versailles, France 

Expression of members of the S gene family 
J.B. Nssnllah 
Cornell University, Ithaca, New York 

Spatial and temporal regulation of genes 
activated during seed germination 
JJ. Harads 
Univemity of California, Davis 

Characterization ofBr& seed-specific 
promoters and their expression in transformed 
rapeseed 
LC Kridl 
Calgene, Inc., Davis, California 

AmbidOpsis as a model for understanding the 
molecnlar basis of fatty acid composition 
1. Bmrse 
Washington State University, Pullman 

1:45-3:15pm WORKSHOPS 
V. Disease, pest, and stress resistance 
Choic R.L Gnbrlrlson 
Washington State University, Puyallup 

VI. Hybrids and population improvement in - - 
crucifers 
Co-Choirs: 1. Palel, L Grant, D. C h e ,  M. ELbshr~g-, 
Allelk Crop Technologies, Inc.. Ontario, Canada 

345-W5pm WORKSHOPS 
VII. Biochemical diversity 
Choir: D.B. Cohen 
Maccabee Seed Co., Davis, California 

VIII. Cell biology 
co-choirs: P. A m i n  
Paladin Seeds, Inc., Brampton. Ontario, Canada 
D. Simmonds 
Agriculture Canada, Ottawa, Ontario 

IX. Genetics conservation and gene banks in 
Cmciferae 
Chair: P.H. WUliamc 
University of Wisconsin, Madison 

535-5:45pm CLOSING 
PLANS FOR NEXT CONFERENCE 

5:15-6:15pm VEGETABLE NURSERY VISIT 
Student Farm 

D.B. Cohen 
Maccabee Seed Company, Davis. California 
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C o s n  AND GENETIC BASIS OF LEAF TRICHOME PRODUC- LINKAGE ANALYSIS OF ISOZYME GENES IN BXASSICA 
TION INBRASSICA CAMPESTRIS OLERACEA 

J.  & m n  and D. W. Schemcke, Dcpt. of Ecolow and Evolution, P. Arur, Instihtt de Recerca i Tecnolog~a Apalimmtarks, 
University of Chicago, 5630 S. Ingleside, Chicago, IL (XI637 Generalifat de Calalunya, Spain 

Plants may produce both structures, like trichomes and 
thorns, and chemical compounds that deter herbivores. 
According to allocation theory, investment in defenses is 
costly, and the amount of resources devoted to protection 
against herbivores is expected to depend on the risk and the 
consequences of herbivore damage. Rapid-cycling Brassica 
campesnir exhibits marked variation in the number of tri- 
chomes on leaves and petioles. An initial study demon- 
strated negative phenotypic correlations between the num- 
ber of trichomes produced and height after 20 d, and 
between trichome number and earliness of flowering. We 
are at present performing a selection experiment to test the 
idea that trichome production is costly to the plant. We are 
selecting for high and low number of trichomes on the edge 
of the first true leaf. The prediction is that an increase in 
trichome production will be associated with a lowered 
growth rate and fecundity in the absence of herbivores. 
Through back-crosses we intend to get an estimate of the 
number of genes controlling trichome production. The 
realized heritability of the selected trait was 0.37 in the high 
line and 0.46 in the low line, after the first generation of 
selection. After two generations of directional selection the 
mean number of trichomes on the edge of the first true leaf 
was 69 in the high line, 2 in the low line, and 28 in the con- 
trol. The number of trichomes on the petiole showed a 
positive correlated response to the change in leaf trichome 
number. The increase in trichome production in the high 
line was associated with a small, but significant, delay of 
flowering. The results so far demonstrate a substantial 
genetic component to the variation in trichome production 
in B. campesnir and indicate that there may he a trade-off 
between production of trichomes and allocation to other 
functions. Planned studies include a comparison of the rel- 
ative performance of the high and low lines in the presence 
and in the absence of herbivores feeding on young B. 
campeshis. 

. . -  . . . . . .  ...... . . . . . . . . . .  

Progeny from four intraspecific crosses of B. oleracea 
and an interspecific backcross (B. montana x B. oleracea) x 
B. oleracea were assayed elecuophoretically to determine 
linkage relationships of isozyme genes. Fifteen polymor- 
phic loci including 14 isozymes and leaf color (g) were ana- 
lyzed. Evidence on the genetic basis of six genes not studied 
previously (one of phosphogluwmutase (Pgm-3). 6-phos- 
phogluconate dehydrogenase (6Pgd-I), and malate dehy- 
drogenase (Mdh-I), and three of aconitase (Aco-I, Aco-3, 
and Aco-4) was provided. Tests of joint segregation 
between 87 of the 105 possible pairs of loci identified two 
linkage groups: one was formed by a cluster of four tightly 
linked loci (Pgm-3-Pgi-Z-g-6Pgd-I), and the other by 
four genes loosely linked (Aco-4-Mdh-I- Aco-I -Lap-I). 
Chi-square tests of goodness-of-fit revealed significantly 
reduced recombination fractions between five more pairs of 
genes, but they were not likely to detect true linkage 
because distance was close to 50 cM and comparisons 
between the same locus pairs in other crosses did not devi- 
ate from random assortment. 

ENVIRONMENTAL EFFECTS O N  GLUCOSINOLATE COMPO- 
SITION IN WINTER RAPESEED 

D.L. Auld, J.B. Daviv, K.A. Mahkr, and D.S. Engvall, 
University of Idaho and Washington State Dept. ofAgngnculhtre 

Winter rapeseed (Brasica napus L.) has great promise 
as a new oilseed croD in the United State, ifcultivars which 
have seed meals wiih less than 30 &moles E-' of defatted 
meal arc grown. To determine the intlucnce~~f the produc- 
tion environment on this trait. seed of five diftercntial culti- 
vars grown at 17 locations were analyzed for total glucosi- 
nolates. The average glucosinolate levels of the cultivars 
ranged from 19 to 190pmoles g-l. Cultivars with low levels 
of glucosinolates were more stable across environments 
than high gluwsinolate cultivars. Bridger seedlings exposed 
to a 9-week vernalization period had lower levels of glucnsi- 
nolates than seedlings vernalized for either 3 or 6 weeh. 
Addition of sulfur fertilizers had no impact on glucosinolate 
concentration. Evaluation of glucosinolate levels in 

C~MI 'N<ISON OF FA'IYY ACID COMPO\ITION OYSINAPIS experimental cultivars will require evaluation in many envi- 
ALRa S t t ~ s  COLI.RCIEDATVARIOUS LOCAI'I~NS IN ronmcnts. Development of cultivars of winter rapeseed that 

~ ~~ 

ISRAEL 

Y. Alber, Z. Yaniv, M. Zur, and D. Scht@nnan, Dept of 
Introduction, ARO, The Volcani Center, Bet Dagan, Israel 

Mature seeds of Sinapis alba were collected during late 
spring 1988 at five different sites in the north and center of 
Israel. Fatty acid analysis of the seed oils showed the fol- 
lowing: (a) erucic acid (C22:l) content varied between 43% 
and 55% of total fatty acids, @) the lowest concentration of 
erucic acid was present in seeds wllected in the southern- 
most site, (c) low erucic acid content was accompanied by 
low oleic acid (18:l)  and high polyunsaturated acids (C18:2 
+ C18.3) content. It is still not known whether these trends 
indicate genetic variation or an adaptation to climatic con- 
ditions. 

produce low levels'of glucosinolates in all prodiction envi- 
ronments is essential for this crop to be successful in this 
country. 

MORPHOMETRIC ANALYSIS OFSINAPS L.: THE VALUE OF 
GENERIC SUBDIVISIONS 
G. Bailh'geon, Agkulture Canada, Biosystematics Research 
Centre, CentralErperimentalFarm, Ottawa, Ontario, 
Canada, KIA OC6 

The value of the sectional classification of the genus 
Sinapis L. proposed by Schulz (1919,1936), was tested using 
multivariate statistical analysis and found to be sound. 
Based on a set of 30 morphological characters, Sinapis was 
divided into the following four discrete entities: 1) sect. 
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Sinapis (incl. S. alba with 3 ssp. and S. pemosa), 2) sect. 
Ceratosinapis (incl. S. arvensis with 3 ssp.), 3) sect. Eriosi- 
napis (incl. S. pubescens with 2 ssp., S. arisridis, S. boivinii, 
and S. indurata), 4 )  sect. Chondrosinapis (incl. S. aucheri). 
The best discriminators were, in decreasing order of contri- 
bution: 1) number of seeds in beak, 2) vestiture of pedicels, 
3) length of beak, 4) thickness of septum, 5) length of 
valves, 6) width of beak below stigma, and 7) length of 
seeds. Reducing the character set to these seven gave over 
95% correct identifications. The delimitation of these four 
phenetically defined subgroups is well supported by cyto- 
logical and DNA studies (see poster by WARWICK), so 
that they appear to represent monophyletic lineages. As a 
consequence, any phylogenetical study involving Sinapis 
should include at least one representative of each of the 
four sections. The four groups are morphologically so dis- 
tinct from each other, that the question arises as to whether 
the nearest relative of each group is to be found within or 
outside Sinapis, supporting the need for a study of the tribe 
Brassiceae at the generic level. 

APPLICATION OFM~CROSPORE CULTURETO BREEDING 
WINTER RAPESEED 
D.R. Brady, D.L. Auld, and DA. Ericbon, University of Idaho, 
Moscow, ID 

The University of Idaho is investigating the use of 
microspore culture to develop 40 to 60% of the breeding 
lines in its rapeseed breeding program. Completely 
homozygous lines can be recovered by microspore culture in 
less than two years as compared to a minimum of three 
years for single seed descent. Minimum population size 
necessary to recover desirable genotypes is also decreased. 
The limitations of tissue culture restrict the use of this pro- 
cedure to high priority breeding lines. Microspore culture 
is expensive and labor intensive, as well as genotype specific. 
A study to compare means and distributions of segregating 
populations of winter rapeseed derived from single seed 
descent and microspore culture has been initiated in the 
winter rapeseed breeding program at the University of 
Idaho. 

M.C. Christey and ED.  Earle, Plant Breeding Dept, Comell 
University, Irhaca, NY 14853-1902 

Cytoplasmic male sterile (CMS) broccoli plants con- 
taining the Brassica nigra cytoplasm (BN lines) were devel- 
oped by PEARSON (1972) and selected for nectary devel- 
opment, normal pistil structure, and improved seed set by 
DICKSON (1975). These male sterile plants are character- 
ized by petaloid sterility in which 4 or 6 of the anthers are 
transformed into large yellow petal-like structures with red 
tips. Stigmatic tissue is often present along the top of these 
"petals" and ovules are sometimes found along their lower 
edges. As the cytoplasmic characters of atrazine resistance 
and male sterility can only be combined by protoplast 
fusion, mesophyll protoplasts from a BN line were fused 
with etiolated hypocotyl protoplasts from atrazine resistant 
B. campesnir (Candle). From these experiments, 19 

colonies that regenerated plants were obtained. All these 
plants were broccoli-like in phenotype and therefore not 
somatic hybrids but possibly cybrids. Four plants, all from 
one colony, were resistant to atrazine as determined by their 
ability to sunive, grow, and root in the presence of 25 pM 
atrazine, a level at which control plants bleach and show no 
growth. Protoplasts from these plants have been assayed by 
the nitro-blue tetrazolium assay (ROBERTSON and 
EARLE, 1987) as further confirmation that they are 
atrazine-resistant. These atrazine-resistant broccoli plants 
all still exhibit the petaloid sterility characteristic of the B. 
nigra CMS. Molecular analysis has wnlirmed the presence 
ofB. campesfki chloroplasts in these plants. Analysis of the 
mitochondria1 genome for possible recombination is in 
progress. 
Rqfe-: DICKSON, M.H. 1975. Hort. Sci. 10(5):535; 
PEARSON, O.H. 1982 Amer. Soc. Hort. Sci. 97(3):397- 
402, ROBERTSON, D. and E.D. EARLE. 1987. Plant Cell 
Reports 6:70-73. 

TRANSFORMATION OF BRASSICA OLEXACEA VAR. ITALICA BY 
CO-CULTIVATION OF PEDUNCLE EXPLANTS w m  
AGROBACTERILM TUMEFACIENS 

M.C. C h d q  and E l l .  Earle, Planr Breeding Dept., Comell 
Universiry, Ithaca, NY 14853-1902 

Peduncle explants of four Brassica oleracea varieties 
gave high regeneration rates, with the rapid production of 
numerous buds. These explants were used to transform a 
line derived from Green Comet broccoli via co-cultivation 
with Agrobacrerium tumefaciens. Regeneration: The use of 
peduncle explants for the regeneration of Brnrsica was 
reported in B. napus (STRINGAM, 1977). Peduncle 
explants have been used by others for the regeneration 
(KLIMASZEWSKA and KELLER, 1985) and transforma- 
tion of B. napus (FRY et al., 1987) but not for B. oleracea 
and B. campesfris. Peduncle explants from broccoli, cab- 
bage, Chinese broccoli, and cauliflower readily regenerated 
shoots on the medium used for B. napus, with multiple 
shoots (1 to 35) per explant. With lines derived from Green 
Comet broccoli (Harris Moran Seed Co.), regeneration 
rates of over 75% were reproducibly obtained. With cab- 
bage, Chinese broccoli (Guy Lon, Fredonia Seeds), and an 
atrazine-resistant cauliflower line, regeneration rates of 82- 
88% were obtained. In contrast, culture of peduncle 
explants from 3 rapid-cycling lines of B. campesnir yielded 
only rare shoots, even though 50 different hormone combi- 
nations were tested. Peduncles were removed from plants 
in the process of bolting and flower buds and pedicels dis- 
carded. Explants (0.5 cm) were placed horizontally onto LS 
medium containing 1 mgA benzyladenine. After 3 to 4 
weeks the entire regenerating ends were excised and trans- 
ferred to hormone-free medium for further shoot enlarge- 
ment. Individual shoots were excised and rooted on this 
medium prior to transfer to soil. The first effect noted on 
culture was a swelling of the entire explant, particularly the 
basal end. After 7 days both ends were covered in a small 
amount of callus, and the surface area of the basal end was 
approximately 2 times that of the apical end. Shoot regen- 
eration was first noted after 7 to 10 days. After 3 weeks 
numerous buds were present, usually concentrated on the 
region closest to the medium. T&ormufwn: Severe 
browning of the explants after co-cultivation was a problem, 
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and numerous experiments have only yielded one trans- 
formant. This transformant was obtained with strain 
LBA4404 canying genes specifying kanamycin resistance 
and ,Q-glucuronidase (GUS) activity in plants. A tobacco 
cell suspension feeder layer was used during the cocultiva- 
tion period. This plant grows and roots on selective levels 
of kanamycin (50 pdml). Leaf explants have regenerated a 
further 20 kanamycin-resistant shoots on medium contain- 
ing 50 pg/ml kanamycin. Experiments have indicated that 
these kanamycin-resistant plants are suitable for use as a 
marker in protoplast fusion experiments. Protoplasts from 
these plants form green colonies in the presence of 50 pdml 
kanamycin. In contrast, protoplasts from control plants 
form rare yellow colonies which do not sunive. The GUS 
assay (JEFFERSON et aL, 1987) was positive on petiole 
sections from the kanamycin-resistant plants, with staining 
concentrated in the vascular region. Southern analysis has 
not yet been completed. 
References: FRY, I., A. BARNASON, and R.B. HORSCH. 
1987. Plant Cell Reports 6:321-325; JEFFERSON, R.k,  
T . k  KAVANAGH, and M.W. BEVAN. 1987. EMBO I. 
6:3901-3907; KLIMASZEWSKA, K. and W.k KELLER. 
1985. Plant Cell Tissue Organ Culture 4:183-197; 
STRINGAM, G.R. 1977. Plant Cell Letters 9:115-119. 

H ~ M O G E N I L ~ D T I ~ S U E  DERNED~ROM MICROSPORE 
EMIIRYOS OFBRASSICA ~ ~ 1 , u . q  L,. 
P.V. Chuong*, B. Asdpen, Hoechst Canada, Inc., Ottawa, 
Ontario, Canada, and WA. KeIler, Plant Research Center, 
Agriculnrre Canada, Ottawa, Ontario, Canada, KIA OC6 
*Present address: Sungene Technologies Corp., 2050 
Concourse Dr., Sun Jose, CA 95131 

Nenty-day-old embryos obtained from microspore 
cultures of Brarsica napzu were cultured in B5 liquid 
medium on a rotative shaker at 120 RPM for 7 to 10 d to 
induce further development to seedling-like structures. 
These structures were homogenized with B5 medium in a 
kitchen blender at low speed for 4-10 sec. After the cen- 
trifugation of the homogenized mixture at 100 x g for 5 
min, the liquid phase was decanted and the homogenized 
tissue was plated on solidified B5 medium supplemented 
with 0.1 mgn GA3. Large numbers of regenerants including 
plantleu, secondary embryos, organs, and calli could be 
observed after 2 wk of subculture. The quality and the 
number of regenerants depended on the amount of homog- 
enized tissue plated on the regeneration medium, the dura- 
tion of homogenization, and the developmental stage of the 
original seedling-like structures. Homogenized tissue 
plated at high density tended to develop into abnormal 
structures whereas that at low density regenerated complete 
healthy plantlets. A range between 50 to 300 structures 
could be usually recovered from 1 to 3 g of freshly homoge- 
nized tissue. Shootslplantlets could be easily recovered 
through organogenesis or secondary embryogenesis after 
subculturing these abnormal regenerants. With the high 
frequency of structure regeneration in a short period of time 
and the ease of plantletlshoot and secondary embryo recov- 
ery from the primary regencrants, the embryo tissue 
homogenization technique has a great potential in a range 
of biotechnology applications such as mutation induction, 

- - 

selection for herbicideldisease resistanceholerance, and 
Agrobacteriim-mediated transformation in Brassica. 

. . . . . . . . .  ....... . . . . . . . . .  

GENOTYPIC AND ENVIRONMENTAL VARIAT~ON OF GLU- 
COSNOLATE CONTENT N RAPESEED 

J.B. Davis, D.L. Auld, and K.A. Muhler, University of Idaho, 
Moscow, ID 

The University of Idaho has been coordinating the 
Winter Raveseed National VarieN Trial since 1985. Manv 
rapeseed (hassica napus L.) cultiGars have been grown and 
tested for aualiN traits and aeronomic nerformance at 
numerous ~dcatio'ns in the contgental united States. As 
part of this trial, six cultivars with diflcrential gluwsinolatc 
levels were erown at cieht locations durine the 1986-87 and 
1987-88 croi years ani  were tested for teed glucosinolate 
content. Three of the cultivars contained high levels of glu- 
cosinolates, two had intermediate levels, and one had a low 
level of gluwsinolates. The ranking of the cultivars 
remained relatively constant across environments, but 
within cultivars, the ducosinolate content varied between 
environments. The cdtivdr-byenvironmcnl interaclion was 
also sienifiwnt. The maeniludc of the F-valucs in lhc statis- 
tical model suggest that ienetic factors had a greater impact 
than the environment on glucosinolate content in winter 
rapeseed. 

PLANT REGENERATTON FROM ISOLATED MICROSPORES OF 
BRASSICR CMIPESTRlS 

D. Faccwtti and J. Tunter, Calgene, Inc., 1920 Fifth St., Davis, 
01 95616 

The embryonic competence of isolated microspores of 
B. campesnis was examined with respect to genotype and 
the environmental conditions under which microspore 
donor plants were grown. Plants of the varieties R-500, 
Candle, and Tobin were grown under long-day conditions at 
four different temperatures: 13"C/18°C (nightlday), 22"C, 
24"C, and 28°C. Embryogenesis was observed mainly with 
Tobin. It also occurred to a lesser extent with Candle, whiie 
no embryos were ever recovered from R-500. For both 
Tobin and Candle, most embryos were formed from plants 
maintained at relatively low (22°C and 13'C/18"C) tempera- 
tures. Plants were regenerated from Tobin embryos only. 
Some lines were maintained under in vino conditions by 
shoot cuttings. 

OLB~OSYNTHES~S IN GAMETTC AND ZYGOTIC EMBRYOS OF 
BRASSIC4 NAF'US 

D. Fmwtt i ,  S. Fujimto*, N. McDonuld, and K. LardirabaC 
Calaene. Inc.. 1920Fifth St.. Davis. CA 95616 *UCD 
~ d e ~ a d u & e  S N & ~ ,  ~aigene &tent Prograh 

Oil biosynthesis was studied in zygotic and gametic 
embryos of B. napzu cv. Cascade with respect to triglyceride, 
oil wmposition, and emblyo developmental stages. The 
pattern of oil biosynthesis was remarkably similar in both 
gametic and zygotic embryos. Tryglicerides were synthe- 
sized from the early cotyledonary stage, characterized by the 



formation of the cotyledons and a relative abundance of 
saturated fatty acids. Lipid content and the synthesis of 
unsaturated fatty acid rapidly increased during the next 
phase only, which is characterized by rapid cotyledonary 
growth. The oil composition was independent of the envi- 
ronmental wnditions and appeared to be determined by the 
developmental stage of the embryo. This was observed in 
both gametic and zygotic embryos. In conclusion, gametic 
embryos should provide an excellent model system for the 
study of oil biosynthesis at the molecular level. 

D. Faccioni J. Turner, R. Justicia, and S. Radke, Calgene. Inc., 
1920 Fifth St., Dava, CA 95616 

The in vitro responsiveness of hypocotyl, petiole, 
cotyledon, root, and leaf tissues to form shoots and plants 
was studied in the following B. campestris varieties: Ante, 
Candle, Emma, Span, Sylvi (winter variety), and Tobin. Ti- 
sue explants, dissected from one-week-old seedlings, were 
incubated (3 to 15 days depending on the explant origin) on 
05 or MS media supplemented with 2,4-D (1 m a )  and sub- 
sequently transferred to B5 medium containing BA (3 m a )  
and zeatin (1 m a ) .  This two-step culture procedure, with 
respect to hormones, was necessary to induce shoot forma- 
tion from hypocotyl explants with a frequency (percent 
explants forming at least one shoot) of 20 to 30%. A higher 
and reproducible frequency (50 to 90%) was observed with 
these explants only when the second-step culture medium 
contained AgNO, (5 to 10 m g ) .  In the presence of AgNO, 
petiole, leaf, and cotyledon explants also produced shoots, 
though at a lower and less producible frequency (0 to 30%). 
With root explants shoot regeneration (max. 1%) was pos- 
sible only after a long (6 to 15 days) first culture step in the 
presence of 2,4-D. Regenerated shoots were rooted in B5 
medium supplemented with IBA (1 to 2 m a ) .  The result- 
ing plants were potted and transferred to the greenhouse. 
Despite notable morphological differences displayed at the 
vegetative stage, these plants (>300 plants tested) produced 
seeds (bud pollination selfing) with an oil profile remark- 
ably similar to that of the mother plants. With respect to 
shoot formation, the varieties Emma and Span produced 
the most consistent results. Emma was used in further 
transformation experiments. Transeenic ~ l a n t s  were 
obtained from hyp6cntyl explants ( ~ m i a )  u,-chrivated (48 
h durine the first culture stco) with Amobacrerium nn1efi1- 
ciens E k . 4  101/7001. Thy  ~grob&terium strain uied 
(disarmed, binary vector) carried both NPTII (kanamycin 
resistance) and GUS (glucuronidase) marker genes con- 
trolled by CaMV 355 and mas promoters respectively. 
Following cocultivation, shoots were regenerated and 
rooted under selective wnditions in the presence of 
kanamycin (25 m a ) .  Explants were sampled and assayed 
for NPTlI and GUS activities and later, the insertion of 
these genes in the plant genome was also confirmed by 
Southern blot analysis. Transformation efficiency (percent 
explants forming at least one transformed plant), in terms of 
NPTII activity, ranged from 0.1 to 9.0%. 

T-DNA TAGGING OF DEVELOPMENTAL GENES OF& 
BIDOPSIS THALIANA 

K FeIdmann and S. Cwmber, Central Research and 
Development Dept., E.I. W o n t  de Nernours& Co., 
Wtlmington, DE 19898 

More than 800 transformed lines of A thaliana, segre- 
gating for a kanamycin resistance marker, have been 
screened for altered phenotypes that segregate in a manner 
consistent with Mendelian predictions. These transformed 
lines were generated by the seed infection method as 
described by FELDMANN and MARKS (MGG, 208:1, 
1987). This methodology precludes variants induced by the 
tissue culture process (somaclonal variants). Mutants 
observed so far include those affected in size (dwarf, minia- 
ture, and runt, along with a number of other as yet unde- 
scribed small plants), flower (agamous and reduced fertility) 
and trichome (glabrous) morphology, embryo- and seedling- 
development (lethals), and pigmentation (albino, yellow- 
green, early yellowing). A number of these mutants have 
been shown to be tightly linked to the T-DNA insert (dwarf, 
FELDMANN et al. Science 2431351, 1989; glabrous, 
MARKS et a[., University of Nebraska, Lincoln, pers. 
comm.; agamous, YANOFSKY er al., Caltech, pets. 
comm.). The disrupted genes have been isolated and used 
as probes to isolate the wildtype genes. Complementation 
of mutant planks with the wildtype genes is in progress. 
Here we describe additional mutants recently isolated 
including a miniature, runt, and lines with reduced fertility. 
Miniature exhibits a dramatic reduction in size, small pur- 
plish leaves, roots that are short and appear to he deficient 
in elongation but not formation, and reduced seed set. 
Runt has rosette leaves that are curled initially, yellowish 
petioles in comparison to the wildtype, and delayed bolting. 

FILTER PAPER DISC METHOD FOR CLUBROOT SCREENING 
M.E. Ferreim, J. Robak, and P.H. WiUiam, Dept. ofplant 
Pathology, University of Wsconsin, Madison, Wl 53706 

A method of screening Brassica seedlings for resis- 
tance to Plasmodiophora brassicae Wor. based on the Wis- 
consin Fast Plant Growing System has been developed. 
First a diamond-shaped wick is inserted through a hole in 
the base of the planting cell or minipot (7 cc volume), then 
the bottom 113 of the cell is filled &th a soil mix 
(perlite:sand:soil 1:l:l). Two Osmocote pellets (N:P:K 
14:14:14) are added to each cell and the remainder of the 
pot is filled w$J finely screened PB mix @lack organic peat 
soi1:JiiTy Mix 1:l). A filter paper disc (0.5 cm) loaded 
with 10 freshly harvested cysts of P. brassicae is placed in 
the PB mix just above the mid-section of each pot. Seeds 
are germinated in Petri plates with wet filter paper and 
transplanted to the wells just as the root is emerging. Con- 
trol of soil humidity is provided through capillary watering 
of the wick to a water mat extending to the reservoir of the 
WFP growing system. The method is designed for space 
efficient (122 plants/m2) and reliable screening 35 days after 
sowing the seeds. The procedure has been found to be reli- 
able and repeatable under a range of environmental condi- 
tions that are conducive to good plant growth. w t s  remain 
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viable for over 6 months when stored dry on filter paper 
discs at 4'C. The filter paper disc method is an efficient way 
of storing, exchanging, and using P. brassicae. 

FLOW CVTOMETRIC CHARACTERIZATION OFBRASSICA 
NAPUS MICROSPORE DEVEL.OPME~ IN THE ANTHER 
K.E. Fuchr and KP.  Pauk, Dept of Crop Science, University of 
Guelph, Guelph, Ontario, Canada 

Microspore culture is an important technique used for 
the production of doubled haploids in rapeseed breeding 
programs. The developmental stage of the microspore is an 
important determinant of success in this procedure. Only 
microspores in the late uninucleate stage respond to the 
culture conditions and develop into embryos (KOTT et aL, 
1988, Can. J. Bot. 66:1658). By flow cytometry the 
fluorescence and light scatter properties of large numbers of 
cells can he determined and correlated. This technique has 
been applied to characterize changes in the properties of 
microspore cells during their development in anthers and in 
culture. Microspores from B. napus (cv. Topaz) buds at an 
early stage (1.5 to 2.0 mm), middle stage (275 to 3.0 mm), 
and a late stage (3.5 to 4.0 mm) of development were iso- 
lated and examined by flow cytometry. Maturation of the 
microspores was accompanied by changes in their forward 
angle light scatter (FALS) and 90" light scatter (90" LS) 
properties. These measurements are related to the cell size 
and cell granularity (density), respectively. In particular, 
samples of cells from young buds had two populations of 
cells that could be distinguished on the basis of their 90"-LS 
properties. Sorting experiments showed that the popula- 
tion with high 90"-LS values consisted predominantly of 
tetrads. The population with lower 90"-LS values consisted 
of single cells, presumably freshly released microspores. In 
samples from larger cells the 90"-LS profile contained only a 
single peak. However, in these samples the FALS signal 
was split into two. The two populations represent 
microspores at different stages of maturation. This study 
should allow signposts of microspore maturation to be 
defined that will be used to assess rapidly the effects of envi- 
ronment and genotype on the development of microspores 
in donor plants for microspore culture. 

SCREENING FOR HEAT TOLERANCE AND HOLDING ABILITY 
IN BROCCOLI (BRASSIC4 OLERACEA VAR. IT.IC4) 
D.W. Heather and J.B. Sieczkn, Dept. of Ve~etable Crops, 
Cornell University, Ithaca, NY 

Holding ability has become an economically attractive 
attribute to select for in the development of hybrid broccoli 
in recent years. A continued increase in consumer demand 
for this member of the B. oleracea species has expanded its 
production into regions with warmer and often quite vari- 
able growing conditions. Another driving force to increase 
the holding period is the desire by large-scale growers to 
optimize their harvest potential in a once-over cutting 
operation. Forty hybrid broccoli lines (fourteen named 
releases and twenty-six experimental lines) were evaluated 
at the Long Island Horticultural Research Laboratory at 
Riverhead, New York in 1988. By allowing floral buds to 
reach full expansion before harvest, holding periods were 
quantified that reflected the maximum genetic potential of 

each genotype under a high temperature environment. By 
cross checking the best holding values with harvest unifor- 
mity data and several key quality parameters, the top eight 
lines were selected for the 1989 advanced replicated trials. 
First season results indicate some very promising heat tol- 
erance with mean holding values in the 4 to 6 day range 
under mean high temperatures of 32+'C during 
maturation. Several of the top selections also showed 
excellent harvest concentration allowing for an average of 2- 
3 days to cut 80-100% of the plant population. 

. . . . . . . . . . . .  .... . . . . . . . . .  

EVALUATION OF USDA COLLECTION OF OILSEED 
BRASSICAS FOR PHENOTYPIC VARIATION AT MOSCOW, ID 
AND RFTON, GA 
M.K Heikkine~ P.L. R a y w ,  D.L. Auk', and R.H. HyerdahL 
University of Idaho and Universig of Georgia 

Identification of rapeseed accessions with desirable 
traits can lead to the development of new rapeseed cultivars. 
An important source of genetic variation for cultivar 
improvement are the USDA germplasm repositories. Two 
replications of 208 oilseed Brassica accessions from the 
USDA collection of Ames, Iowa and 9 additional control 
cultivars were planted at Tifton, Georgia and Moscow, 
Idaho in the fall of 1987. Essentially, all the lines survived 
at Tifton. At Moscow, only one B. campesnir, eight B. 
napus, and the four B. juncea l i e s  did not survive the win- 
ter. There was considerable variation in plant heights, time 
of flowering, stem coloration, intensity of flower color, and 
agronomic performance. It is hoped that these evaluations 
will identify accessions adapted to these potential produc- 
tion areas as well as locate useful marker genes. 

. . . . . . . . .  . . * * * * .  . . . . . . . . .  

ARasIDoPSIs PIANTS WITH ALTERED SEED STORAGE 
LIPIDS OBTAINED BY CHEMICAL MUTAGENESIS 
D. W. J a m ,  Jr., and H.K. Dwner, Advanced Genetic Scifnces, 
Inc., 6701 Sun Pablo Ave., Oakfan4 CA 94608 

To identify the genes that effect desired changes in the 
FA composition of rapeseed (Brassica napus), we are 
studying Ambidopsir, a diploid crucifer with a small genome 
that is easily transformed and regenerated. The approach 
involves "transposon tagging," whereby genes associated 
with FA biosynthesis are first identified using chemical 
mutagenesis. Chemically induced mutant plants are then 
crossed with ~ lan t s  carrvine transwsons. Proaenv are 
screened for pLicnotypes ksekhling ihc chemicallyinduced 
mutant narents. indicatine that thcsr individuals would be 
carrying'the transPoson zt the same locus. Transposon- 
specific probes can then be used to identify the location of 
the eene. We have run FA analvses on about 2000 ~ e d i -  
gree2 M, seed collections from EMS mutagcnesis and'have 
found over 60 phcnotypts in which the u)mposilion dilkred 
from wild type in at lcast one FA by grater than 4 standard 
deviations. Aftcr re-screening siblings of the phcnotypts 
first identified. three important heritable mutants were cho- 
sen for transposon tigging: G30, lacking 183; 4.45, 
deficient in 18:2 and 183; and 9A1, lacking all FA'S greater 
than C18. Characteristics of these and other mutants and 
progress in obtaining plants carrying transposons will be 
discussed. 
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EVOLUTIONARY TRENDS IN IMEBMSSICA OLERACFA GLIMELIUS. 1989. TAG (in press); SUNDBERG, E., M. 
MODEME: CYTOGENETIC AND MOLECULAR EVIDENCE LANDGREN, and K GLIMELIUS. 1987. TAG 75%-104. 

S.F. Kianian and C.F. Quiros, Depr of Vegerable Crops, . . . . . . . . .  ....... . . . . . . . . .  
University of California, Davis, CA 95616 

A series of 25 genomic and cDNA RFLP probes and 8 SECONDARY EMBRYOGENESIS IN BMssICA NAPUS SSP. 

i s o e n m e  loci were em~loved to survev the genetic oolv- OLEIFEM 
morp6ism of 8 cultivated &es and 10 4 l d  s&ies. &ei- 
sivepolymorphiim was disiiosed by the molckular markers. 
Thev were useful to confirm the close evolutiona~v oroxim- 
ity 6f the wild to the cultivated species in this godeme. 
However, no clear tmnds were found to assign a specific 
wild species as ancestor of a specific cultivated type. It was 
possible to follow up specific markers from more than one 
wild species in accessions of the same cultivated type. In 
general, the polymorphism of the wild species was repre- 
sented in the cultivated forms. Therefore, the wild and cul- 
tivated species of the Brassica oleracea cytodeme form a 
continuum of closely related species serving as a gene pool 
in the development of the different cultivated types. Mor- 
phological differentiation of the wild species may be the 
result of geographic isolation by colonization of different 
territories and islands in the Mediterranean Basin. Pollen 
fertility in the analyzed F, populations falls into two distinct 
classes (low and high fertility). Observations of meiotic 
behavior of chromosomes in the F, hybrids show a direct 
relationship between low fertility and karyotypic changes 
such as chromosomal translocation. Six different F, popu- 
lations from the different fertility groups are now be~ng 
analyzed for linkage relationships. Distortion of expected 
segregation ratios for the markers will measure the level of 
evolutionary divergence among these species. 

S ~ G I ~ E O A T I O N  mv RPARI<ANG~MFNTOFMI.WCI~ON- 
nRlAL DNA IN SOMl'lC H Y ~ R I I ) S  PRODIICI.1) B ~ I W E T N  
DIFFERENT SPECIES WITHIN BRASSICACEAE 
M. Landgren and K Glimeliza, Dept of Plant Breeding, 
Swedish Universiry ofAgricultura1 Sciences, Uppsala, Sweden 

Three different combinations of somatic hybrids have 
been produced between more or less closely related species 
within the family of Brassicaceae. The somatic hybrids 
Brassica oleracea (+) B. campesrris, B. napus (+) B. nigra, 
and B. napus (+) Eruca saliva have been confirmed as com- 
plete or partial hybrids after isoenzyme analysis. Chromo- 
some number, fertility, and chloroplast genotype have also 
been studied (SUNDBERG er al., 1987; SJODIN and 
GLIMELIUS, 1989; FAHLESON et aL, 1988). In this study 
mitochondria1 DNA (mt-DNA) was isolated from the F, 
generation of the hybrids, and the restriction patterns of the 
mt-DNA were analyzed. The segregation of the mt-DNA is 
examined in order to study if differences in the mt-DNA 

C.S. Lob, W. Shu and G.K. Lim, Tissue Culture Laboratory, 
Botany Dept., National University of Singapore 

The sewndary embryogenesis potential of Brassica 
napus ssp. oleifera cv. Primor was maintained for over seven 
vears. Many factors were found to affect sewndary embryo- 
genesis in culture. Seumdary embryogcncsis k signl- 
ficantlv s u ~ ~ r e s s e d  when strcncth of iron in the medium was 
redukd. 'Absence of micronitrients and vitamins had no 
effect on secondary embryogenesis. A reduced strength of 
macronutrients decrease secondam embryogenesis 
significantly. Secondary embryogenesk was signiScantly 
reduced when onlv Dart of the sewndarv embrvoid was cul- 
tured. ~nwr~ora i idn  of activated charcbal, irradia- 
tion, etc. suppressed sewndary embryogenesis. 

SCREENlNGBMSSlCA GERMPLASM FOR FATIY ACID 
COMPOSITION 
K.A. Mahler, D.L. Auk$ AA. Voorhis, and J.E. Romero, 
University of Idaho, Moscow, ID 

The University of Idaho has initiated a program to sys- 
tematically evaluate Brmsica germplasm for fatty acid com- 
position. The identification of rapeseed accessions which 
produce unique oils would allow increased production of 
this premium quality oilseed crop. Thus far, over 2100 
Brassica accessions representing eleven species from twenty 
countries have been analyzed for seven common fatty acids 
found in rapeseed. The range of fatty acids found in the 
USDA Ames, IA germplasm collection are typical of all 
accessions analyzed. This collection of 364 accessions wn- 
tained B. napus, B. campestrir, and B. juncea genotypes. The 
ranges of fatty acids are: palmitic acid (16:O): 1.6-9.2; stearic 
acid (18:O): 0.0-7.2; oleic acid (18:lO): 11.0-57.8; linoleic 
acid (18:2): 8.4-26.4; tinolenic acid (18:3): 3.3-14.8; 
eiwsenoic acid (20:l): 1.9-17.7; and emcic acid (22:l): 0.7- 
54.3. All ranges are expressed as percent of the methyl 
esters. Knowledge of the distribution and range of the fatty 
acid composition in known Brassica accessions will allow 
for breeding of specific traits into new varieties. 

DISSEC~ON OFWEBRASSICA OLERACEA GENOME WITH 
ALIEN CHROMOSOME ADDITION LINES 

J.M. McGra~h and C.F. Quiros, Depr. of Vegetable Crops, 
Universitv of California. Davis. CA 9561 6 , * 

segregation can be found between the different wmbina- The development of single B. oleracea chromosome 
tions of hybrids. The mt-DNA segregation will also be addition lines h-om the resynthesized B. napus cultivar the segregation Of the genotype Hakuran is in progress. Syntenic gene arrangemenu have in the hybrids. The extent of mt-DNA rearrangements is disclosed six of the nine possible addition lines, and addi- investigated in the hybrids, and the different hybrid combi- tional DNA markers have identified for at  least one 
nations be We study if specific regions other syntenic group, Results of chromosome distribution 
of the mt-DNA are involved in the rearrangements. 

in the second hackcross generation obtained by gross chro- 
Refer-: FAHLESON, J., L. RAHLEN, and K. mosome counting and by transmission of chromosome- 
GLIMELIUS. 1988. TAG 76:507-512; SJODIN, C. and K. specific markers are in accord, indicating little segregation 
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distortion. However, distortion is observed in the third 
backcross generation. Of the six syntenic marker groups, 
few markers are present on more than one chromosome. 
An exception are the genes coding for 18s-25s ribosomal 
RNA, which are present on two (and perhaps three) chro- 
mosomes. Spacer variation between these two rDNA 
chromosomes has been maintained during the evolution of 
B. oleracea. Comparison of one B. oleracea synteny group 
with linkage analysis in B. campestrir (syn. B. rapa) shows 
strong conservation of gene sequences. Other syntenic 
groups are currently being ana lpd .  

. . . . . . . . .  * * * * . * *  . . . . . . . . .  

A. Men& S.R. Rimmer, E. Koch, and Pa. William, Dept 
of Plant Pathology, University of Wuconsin, Madison, WZ 
53706 

As pan of a study into the pathogenic variability in 
Leptosphaeria manrlans (Desm.) Ces & de Not. from 
different geographic regions, we studied the pathogenicity 
of 39 isolates from N. America, Europe, and Australia 
against a range of Brassica napus var. oleifera (oilseed rape) 
cultivars. Isolates could be categorized into four 
pathogenicity groups (PG) based on differential 
pathogenicity on cotyledons of Westar, Quinta, and Glacier. 
PGI isolates can be distinguished by lack of virulence to 
Westar. PG2 isolates are virulent only on Westar but tend 
to give slightly more susceptible interaction phentoypes on 
Quinta than on Glacier. PG3 isolates are virulent on Wes- 
tar and Glacier and intermediate on Quinta. PG4 isolates 
are virulent on all three cultivars. Using these cultivars as 
differentials we have examined about 70 single ascospore 
isolates from oilseed rape debris from Saskatchewan and 
Manitoba, Canada and from Western Australia and New 
South Wales, Australia. AU Canadian isolates tested were 
PG2 types whereas isolates from Australia varied from PG2 
through PG4. Isolates from Western Australia produced 
abundant pseudothecia, whereas Manitoba isolates failed to 
produce pseudothecia when paired. The significance of 
these results will he discussed with respect to blackleg dis- 
ease of oilseed rape. 

CHARA~TERIAZTION OF CDNAS FOR W I S H  CRUCIFERIN 
AND NAPIN STORAGE PROTEINS 
M. Raynal, D. Lkpigny, F. Grellec, and M. DeLreny, Laboratowe 
de Physwlogie Vegetale, URA CNRS 565, University of 
Perpignun, France 

A cDNA library was prepared from radish immature 
seed mRNA This library was screened with total homolo- 
gous cDNA and cDNA prepared from dry or germinated 
seed m R N k  In this way, a number of clones corresponding 
to abundant mRNA in the immature seeds was selected. 
These clones were grouped on the basis of cross-hybridiza- 
tion and hybridization with heterologous probes from rape- 
seed cruciferin and napin. The identity of cruciferin and 
napin clones was confirmed by hybrid release translation 
experiments and sequencing. Napin is coded by two sets of 
closely related genes whereas cruciferin genes are more 
divergent. Two major cruciferin cDNA families, which 
poorly cross-hybridize in stringent conditions, were 

observed. One is more than 90% homologous to that 
described in rapeseed. Members of the other family range 
between 60 and 70% homology with the preceding one. 
cDNA probes corresponding to ditferent members of these 
small gene families were used to detect variability in radish 
and rapeseed. 

RAPESEED GENETIC RESOURCES IN CHINA 
Qion, Xiwhen, Institute of Oil Crops, CAAS, China 

China is one of the places of origin of B. campesnis L. 
and B. juncea L. and possesses large rapeseed genetic 
resources. Twenty-three hundred rapeseed germplasm 
materials have been identified and evaluated at the Institute 
of Oil Crops Research where they are stored at 5°C 
(medium-term storage). Some varieties or lines are widely 
used in breeding programs. Some are already in production 
directly in various regions of China; however, others still 
need to be evaluated. According to the identification and 
primary evaluation of these lines in the US, some of the 
germplasm materials have desirable characteristics, ie., 
maturity, high oil content, cold resistance, resistance to 
some diseases, etc. which will be used in breeding to gener- 
ate improved cultivars. 

ASSESSMENT OF RAPID-CYCLLNG BRASSICA AS ABIOASSAY 
FOR DETERMINING EFFECIS OF TOXIC CHEMICALS 

RA. ShimabuRu, H.R. Rmch, J.U. Nwosu* C.M. Ww and 
LA. Kapwtka, US Environmental Protection Agency, 
EnvironmentalResearch Laboratory, Cowallis, OR; 
*NSI Technology Services COT. 

An assessment of rapid-cycling Brassica (Brassica rapa 
CrGC 1-1 and Brassica juncea CrGC 4-1) to be used as test 
species in a plant bioassay to determine the toxicity of haz- 
ardous materials has been initiated. Various morphological 
and phenological measurements throughout the plant's life 
cycle have been examined to determine their utility as 
quantifiable endpoints. These include fresh and dry 
biomass; various stem and leaf measurements; and floral 
and reproduction parameters. Data from initial studies 
involving exposure to selected herbicides will be presented 
and will include examining the sensitivity of various end- 
points to the chemical stress. Data will also be presented 
from studies in which rapid-cycling Brassica was substituted 
as test species in two bioassay5 (120 hour, Critical Life 
Stage, Seed Germination and Root Elongation Bioassays) 
routinely used at ERL, Cowallis, for toxicity assessment of 
samples from Superfund sites. 

CHARA~RIZATION BY MOLECULAR MARKERS OF 
DIPLOT~~SERUCOIDES - BRASSIC4 NIGRA ADDITION LINES 

P. This and C.F. Quims, Dept. of Vegetable Crops, Universily 
of California, Davis, CA 95616 

In an attempt to characterize the B. napus genome (B), 
chromosome addition lines were constructed by backcross- 
ing an interspecific hybrid of D. emcoides x B. nigra to D. 
emcoides. Five monosomic and two double monosomic 
addition lines were identified by various isozyme loci (THIS 
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et al., 1988). The restriction fragment length polymorphism 
between D. mucoides and B. nigra was assessed by screening 
digested total genomic DNA of the two species using B. 
napus genomic clones (HOSAKA et al., in preparation) 
along with other probes of diverse origin including a rDNA 
clone (pTA 71, APPELS and DVO- 1982). The poly- 
morphic probes were then used to screen the monosomic 
addition lines and to localize these markers on specific 
chromosomes. So far, we have observed the following syn- 
teny mourn: - - 

- chfl: GOT1, napin gene 
- chr 2: 6PGDH1,6PGDH2, TF'I1, pB485 
- chr 3: PGM3 pTA71 
- chr 4: MDH2 oTA71. oB177. nB485 . . 
- chr 5: pB488 ' ' 

Additional progenies are being generated in order to obtain 
the wmplete series for the B. nigra genome. 
References: AF'PELS, R. and D V O ~  J. 1982. TAG 
63361; CROUCH, M.L., KM. TENBARGE, A.E. SIMON, 
and R. FERL. 1983. J. Mol. Gen. 2273-283. THIS. P.. 0. 
OCHOA, and C.F. QUIROS. 1989. Int. symp. on ~ o ~ u l a -  
tion Genetics and Germolasm Resources in Cron 
Improvement, August 11-lj, 1988. Suppl. ~ o l u m e : ~ ? .  
University of California, Davis, CA. 

EVALUATION OFBRASSICA OLERACEA VAR. CAPlTATA PLANT 
INTRODUCTIONS FOR RESISTANCE TO RACE 2 OF DOWNY 
MILDEW 

C.E. T h o r n  and E.L. Jourdairs USDA-ARS, US Vegerable 
Laboratory, Charleston, SC 29414 

Evaluations for resistance against race 2 of downy 
mildew, incited by Peronospora parusitica, were conducted 
on 325 US Plant Introductions (PI) classified as Brassica 
oleracea var. capitata (cabbage). Five commercial cabbage 
cultivars (Rio Verde, Headstart, Market Prize, Bravo, and 
Sanibel) and two commercial broccoli (B. olmcea var. ital- 
i c ~ )  cultivars (Green Duke and Waltham 29) were included 
as checks in all tests. Plants wer inoculated at the two- 
expanded-leaf stage with 5.0 x 1 2  wnidia per ml. Inocu- 
lated plants were incubated in a dark 16°C dew chamber for 
24 h and were then placed in a 22°C growth chamber with a 
12 h photoperiod. On the seventh day after inoculation, 
plants were returned to the dew chamber for 30 h. Individ- 
ual plants were then rated for downy mildew reaction phe- 
notype at nine day; postinoculation on a 0-9 scale of 
increasing disease severity. An overall disease index (Dl) 
was calculated for each entry. In 77 of the tested PIS from 2- 
100% of the plants had reaction phenotypes 53. The DIs 
for 24 PIS were significantly lower than the DI for the most 
resistant cabbage check, Headstart @I=5.9). Eight of these 
PIS (199948, 199949, 263056, 357374, 4189&2, 418986, 
418987, and 418988) were hiehlv resistant. because all 
plants had a reaction phenotype%f -3.   ow ever, several of 
these eight may be incorrectly classified as B. oleracea var. 
capitata. 

. . . . . . . . . . . . . . . . . . . . . . . . .  

MJ. Truco* and P. Arus, Imtitut de Recma i Tecnologia 
Agroalimentaries, Generalitat de Catalunya, S p i n  *Present 
address: Dept. of Vegetable Crops, University of California, 
Davis. 

The inheritance of 12 isozyme coding loci in Brassica 
campesnis is reported. Four cultivars of B. campestris: 
Candle, Torch, DH 716, and a rapid-cycling line were used. 
Plant extracts were prepared by crushing 25 to 30 mg fresh 
leaves in 0.04 ml of extraction buffer (0.1M Tris-HC1 with 
1% w/V reduced glutathione pH 7.5). Horizontal starch 
electrophoresis was used for most of the enzymes. Vertical 
polyacrylamide electrophoresis was employed for GOT. 
The inheritance of isozymes for eight enzymes was studied: 
phosphogluwisomerase (PGI), leucine aminopeptidase 
(LAP), shikimic dehydrogenase (SDH), 6-phosphoglu- 
wnate dehydrogenase (6PGD), phosphogluwmutase 
(PGM), acid phosphatase (AF'S), alcohol dehydrogenase 
(ADH) and glutamate oxalacetate transaminase (GOT). 
The loci Pgi-1, Pgm-1, Adh-1, Adh-2, 6Pgd-1, Got-2, Got-4, 
and Got3  were monomorphic. Pgi-2, Lap-1, Aps-IL, and 
Pgm-1 were polymorphic with three allozymes each, 
whereas loci Pgm-3, Sdh-1, and Sdh-2 had four. Got-1 and 
Got-3 were polymorphic with at least two allozymes each, 
whereas Got-2, Got-4, and Got-5 were monomorphic. The 
alloenzymes in the polymorphic genes segregated in a 
Mendelian fashion. Most of these enzyme loci have been 
reported in Brassica oleracea. 

T. WulIers, P.S.Jourdun, MH, DiCkSoIt, M A .  Mmchler, and 
E.D. Eurle, Comell University, Ithaca, NY 14853-1902 

Self-pollinated progeny of plants regenerated from leaf 
protoplasts of cauliflower inbred NY7642B were grown 
along with the parental line and commercial cultivars. Most 
of the protoplast-derived lines matured earlier than 7642B. 
Plants differing in earliness and selected on the basis of size, 
wlor, shape, and firmness were self-pollinated; their 
progeny were again earlier than 7642B. In a replicated field 
trial, the self-pollinated progeny of one of these plants were 
evaluated for earliness, firmness, color, shape, overall qual- 
ity, seed set, and yield. These progeny were significantly 
earlier and firmer than 7642B; they had better overall qual- 
ity and were at least as good as 76428 in the other charac- 
teristics. 

MOLECULAR SYSTEMATICS OFTHE GENERASINAPIS AND 
R A P w u s  IN RELATION TO MATOR BRASSICA LINEAGES 

S.I. W d k ,  Biosystematies Research Cenne, Agrinrlture 
Canada, Onawq Ontario, Canudn, KIA OC6 

Comparative restriction site mapping of chloroplast 
and nuclear ribosomal DNA of ten Sinupis tam, two 
Raphanus species, and representatives of two major q ? s -  
sica genomes was carried out by filter hybridization of P- 
labelled Brassica chloroplast DNA fragments and wheat and 
radish ribosomal DNA to blots of total genomic DNA. The 
analysis of 19 restriction endonucleases revealed four major 
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lineages, each distinguished by 10 to 30 polymorphisms. 
There was little or no variation among members of each h- 
eage. These included: I) S. alba L. ssp. alba (n=12), 
[Brassica alba = B. hirto] and ssp. mairei (H. Lindb.) Maire, 
and S. flearosa Poir. (n=l2); 11) S. arirtidis Coss. (n=9), S. 
boivinii Baill. (n=18), S. indurata Coss. (n=9), and S. 
pubescens L. (n=9) ssp. pubescens and ssp. virgata (Battnd.) 
Baill.; 111) S. arvensis L. (n=9) and B. nigra (n=8); and 1V) 
S. auchen' (Boiss.) Schultz, B. campesnis L. (= B. rapa L.) 
(n=lO), R raphanismm L. (n=9), and R sativus L. (n=9). 
Sectional classification of the genus Sinapir by Schultz 
(1936) was supported by the molecular data. Lineage I and 
111 corresponded to the annual Sections SINAPIS and 
CERATOSINAPIS, respectively, and lineage 11 to the 
perennial Section ERIOSINAPIS. Anomalous in the 
genus, Sinapis aucheri (Section CHONDROSINAPIS), is 
morphologically and cytologically unique (n=7), but its 
restriction sites were indistinguishable from the B. 
campesnis and Raphanus lineage. The genus Raphanus, 
which has a controversial position within the Tribe Bras- 
siceae, clearly belongs with the sub-tribe Brassicinae. 

CLONING AND EXPRESSION OF ACE TO LAC TAT^ SYNTHASE 
GENES IN BRASSIC4 NAPUS 

P A .  Wsma, DA. Neurfaedter, and MA. Mobney, Dept of 
Biological Sciences, University of Calgary, Alberta, Canada 
T2N 1N4, and J.L. Condie and W.L. Cmsby, National 
Research Council Canada, Plant Biotechnology Institute, 
Sarkatoon, Saskatchewan, Canada S7N O W  

Acetolactate synthase (ALS) is the first enzyme in the 
pathway of synthesis of the animal-essential branched-chain 
amino acids. It is the site of action of three classes of herbi- 
cides, and point mutations in ALS genes confer resistance 
to these herbicides. The important agronomic species B. 
napus contains three or more highly ALS-homologous 
sequences. We have isolated DNA fragments that corre- 
spond to two of these genes. One of these genes is a 
genomicXba I fragment (3.3 kb in length) that contains 780 
bp of 5'-promoter region, and a 2 kb open reading frame 
which does not appear to be interrupted by introns. Site- 
directed mutagenesis of this sequence at d o n  172 followed 
by re-introduction into plants via Agrobacterium results in 
increased tolerance to sulfonylurea herbicides. A second 
ALS gene has been isolated from a B. napus seedling cDNA 
library. Both ALS sequences contain unique regions which 
distinguish them from the others in B. napus. These 
sequences have been used as probes to examine if and where 
they are expressed in B. napus. These probes also indicate 
that the genomic clone sequence originated in one of the 
progenitors of B. napus, the diploid species B. ~ampe~hir;  
whereas the cDNA clone sequence appears to have origi- 
nated in the other progenitor, B. oleracea. 

fatty acids useful for industry. Species rich in emcic acid 
(C22:1), such as species of Crambe and Sinapb, are low in 
polyunsaturated linolenic acid (C18:3) as well as in the satu- 
rated palmitic acid (C16:O). The same negative correlation 
is observed in species low in erucic acid (species of Sisym- 
brium and Lepidium), in which 44% and 42% linolenic acid 
was found, respectively. No relation was found between the 
content of erucic and oleic acids, as opposed to the situation 
in cultivated rape seeds. 

MANIPUIA~ON OF THE BRASSIOI CYTOPLASM BY 
PROTOPLAST FUSION 

M. Yarrow and RJ. Kemble, Allelix Crop Technologies, Inc., 
6850 Goreway Mve, Mississauga, Ontario, Canada, L4VlPl 

Characters such as male sterility and resistance to the 
triazine herbicides are eeneticallv associated with different 
cylopla~ms in the Brars&. ~ h c i c  traits can play an impor- 
u n t  role in the ~roduction of F, hvbrids in the oilsccd mnc 
firm  of^. nap&, and to the pdteGtial improvement of tliis 
crop. Protoplast fusion allows the production of novel 
combinations of cytoplasmic organelles to produce q to-  
plasmic hybrids or cybrids. Many of the various cybrids we 
have produced are currently at the fourth backcross genera- 
tion in our breeding program. With few exceptions, the 
cybrids are generally agronomically normal. Whereas no 
DNA recombination has been detecled in our cybrids, the 
11.3kb mitochondrial plasmid has been demonstrated to 
"migrate" from one fusion parental chondriome to the 
other, intimating the potential for "transformation" of 
mitochondrial DNA. 

. . . . . . . . .  ...*... . . . . . . . . .  

TENDENCIES IN FATTY ACID COMPOSITION OF VARIOUS 
CRUCIFEROUS SEEDS NATIVE TO ISRAEL 

Zohara Yaniv, Y. Alber, M. Zur, and D. Schaffermq Dept. of 
Introduction, ARO, The Volcani Center, Bet Dagan Israel 

Seeds from four Cruciferae species, native to Israel, 
have been examined for fatty acid composition. The goal 
was to identify from the wild gene collection species rich in 
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