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PREFACE

Crop improvement using conventional varieties or wild species as genetic resources
has successfully
brought increases to agricultural
production worldwide. To respond to the
demand for increased agricultural
production research efforts have focused on development of
efficient breeding methods and finding new gene sources in conserved genetic resources.
Recent rapid developments in biotechnology
are changing both breeding methods and
the concept of genetic resources. All the functional genes of organisms are potential
genetic
resources for crop improvement by direct gene introduction.
The developments in genome technology and the accumulation of genome information
are so rapid that the complete genome sequences of 150 organisms - microorganisms, higher
plants, animals and manwill have been elucidated within two years.
Conservation and use of biodiversity
are fundamental to sustaining agriculture
and the
environment. The application
of genome technology to the analysis and use of biodiversity
is
most useful for the development of new breeding methods and identifying
new gene sources
for crop breeding.
Using comparative
genomics to understand
variation
in biological
function,
morphological
characteristics
and physiological
responses to stresses will enable newplateaus
to crop improvement to be reached. Research into the genetic components of species and
populations,
genetic variation
and genetic differentiation
between crops and their wild
relatives
and evolutionary
processes and relationships
among plants will support crop
improvement.
Enhanced linkages between plant breeding, biotechnology
and biodiversity
scientists
are to be encouraged. Research on organisms and their environments based on new
perspectives
at the gene, genome, individual,
population
level will require specialists
to
integrate the results for practical use. I hope this workshop will promote such integration
by
bringing
together scientists
with expertise in biodiversity
and biotechnology.
I hope such
integration
will facilitate
development of more efficient plant breeding in the 21 st century.
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Introduction
American wildrice (Zizania aquatica) is the only grain endemic to the North
American continent. It grows in lakes and slow moving streams in the north central United
States and into Canada. Wildrice was an important food and ceremonial crop for Native
Americans inhabiting
these regions of North America. It was hand-harvested by canoe and
continues to be an integral part of Native Americans' lives. It was only in the mid-1 900fs that
wildrice began to be cultivated by farmers for mass production. The cultivated forms of wildrice
were renamed Z palustris.
From a genetic viewpoint, very little was known about wildrice until recently. As late as
the 1970's only the chromosome number was knownand it was assumed to be a diploid.
Cytogenetically,
wildrice has a haploid chromosome number of 15 and observations of meiosis
indicated
that it regularly forms 7 rod and 8 ring bivalents (Grombacher et al. 1997). Until the
1 990's almost nothing was known about its taxonomic relationship
to other cereal crops. Similar
to maize, the male and female floral organs are anatomically
separated in wildrice. Thus, it was
thought by some to be more closely related to maize than to rice (Oryza sativa).
As would be expected of a newly cultivated species, there are many production problems
with wildrice.
The most obvious of which is seed shattering;
estimates range from 40% to 70%
yield losses due to shattering.
Several of the diseases affecting wildrice are the same pathogens
affecting rice. Thus, the value of research in rice holds particular value for those working on
closely related species such as wildrice.
Figure 1. Phylogram of
several cereal species based
on sequence data of the Adhl
genes (Ge et al. 2000). Z
palustris (American
wildrice,
sequenced in this
study) falls within the Tribe
Oryzeae which includes O.
sativa and R. subulata. Bar
equals 10 substitutions
per
1 00 residues. Phylogram was
constructed using the
growtree function of the
GCG package.

Taxonomic relationship
of wildrice to rice When the molecular investigation
ofwildrice
was
initiated
in our lab the relationship
of wildrice to rice was unclear. Chloroplast
studies had
suggested that this species was in the Tribe Oryzeae (Duvall et al. 1 993), although,
morphologically,
wildrice did not appear to be a close relative of rice. Southern blot analysis of
genomic hybridizations
of wildrice genomic DNAto rice, oat and maize DNA revealed that the
DNAof wildrice was most similar to that of rice thus confirming the relatedness of wildrice to
rice (Kennard et al. 2000). Furthermore, sequencing of the Adhl and Adh2 genes showed in
moredetail the relationship
of wildrice to other cereals and confirmed the inclusion of wildrice in
the Tribe Oryzeae (Fig. 1).
Molecular mapping of wildrice
Recently, a project was initiated to apply modern molecular
genetics to wildrice. Chloroplast
evidence suggested that wildrice may be closely related to rice
(Duvall et al. 1 993) and Southern analysis of genomic DNA from wildrice and rice confirmed
this relationship
(Kennard et al. 2000). Therefore, RFLP probes mapped in rice were used to
construct a molecular map of wildrice. Rice RFLP probes were used to exploit the potential of
comparative genetics to determine the underlying genetics of agronomic traits in wildrice.
The molecular genetic map of wildrice showed extensive colinearity of RFLP markers
with the genetic map of rice (Fig. 2). Also, the map indicated that three of the wildrice
chromosomes were duplicates of rice chromosomes (wildrice chromosomes 1, 4 and 9). Wildrice
is the only species in the Tribe Oryzeae that has a chromosome complement that is not a multiple
of 12. There are several allopolyploid
species within this tribe, but wildrice appears to be the
only one that is an aneuploid. We are investigating
the nature of this aneuploidy by comparative
physical studies and examining the superchromosomal structure of the duplicated
chromosomes
by looking for hypermethylation.
Comparative genomics within the Tribe Oryzeae The value of comparative studies has
increased due to the availability
of the sequence of the rice genome (http://www.riceresearch.org; http://rgp.dna.affrc.go.jp/Seqcollab.html).
The molecular genetic map of wildrice
constructed in our lab is >80% colinear to the rice genetic map making it the most colinear
comparison of genetic maps to date. Since very little is known about the underlying genetics of
agronomic traits in wildrice, rice has become a very important model for our studies. Several
lines of investigation
are being pursued to exploit the similarity of wildrice to rice.
Conservation of genetic information between rice and wildrice can be seen in the
comparative analysis of QTLs between the two species. QTLs for traits such as seed shattering,
height, maturity, panicle length, and stem color have all been mapped in wildrice (Fig.2)
(Kennard et al. in preparation).
Many of the colinear regions in rice contain QTLs for
comparable traits such as the dwarf gene sd-1 on linkage group 1 (Kinoshita
1997) and qSHT-4
(Sh-3, Causse et al. 1993; Cai and Morishima, 2000). This information highlights
the value of
comparative genetic mapping and can be utilized to find analogous QTLs between related
species. Several of these QTLs have been, or are being cloned in rice providing candidate genes
for the related wildrice QTLs and, in the short term, are providing more RFLP markers to further
refine the genetic positions of these QTLs.
Another line of investigation
that is being pursued is comparative physical mapping of
several cereal genomes including rice, wildrice, maize and sorghum. The value of fluorescence
in situ hybridization
on chromosomes and extended DNA fibers (fiber-FISH)
has been very
useful for comparative studies in both plants and animals. Fiber-FISH is a tool that allows one to
examine genomes at a resolution approaching the limits of the Watson-Crick DNAmodel

without the expense of sequencing across several genomes. For instance, in mammals the
chromosomal evolution of primates can be visualized
by using entire chromosomes as probes to
paint chromosomes from related species (Archidiacono
et al. 1 998).
In plants, fiber-FISH
has
been used to examine the evolution of several hundred kilobases
ofDNA from chromosome 2 of
Arabidopsis
in the Brassicas by hybridizing
Arabidopsis
bacterial
artificial
chromosomes (BACs)
to genomic fibers from Brassica rapa (Jackson et al. 2000).
In the cereals, we are pursuing this
line of investigation
by using rice (BACs - each containing
up to -150 kb of rice DNA) as FISH
probes to examine chromosomal evolution by hybridizing
rice BACs to chromosomes and then
genome evolution/architecture
by hybridizing
to genomic fibers from related species using fiberFISH. By hybridizing
to chromosomes we first determine whether rice regions have been
duplicated
in related cereal species.
Once this is done, analyses using fiber-FISH
permit us to
determine what has happened to genes within regions delimited
by the rice BACs.
Support
This research was funded in part by Grant No. USDA 95-34340-1605
(Purdue
subcontract 593-0220-02),
Minnesota Cultivated
Wild Rice Council, and the U.S. Department
Agriculture
- Agriculture Research Service Cooperative
Agreement.
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with Oryza saliva
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Introduction
Classical and biotechnological
breeding techniques rely on the production and use of variability followed by the selection of the better plant type. The big challenge of the past scientific
century was the discovery and the programmed use of the phenomenon of genetic recombination. Thus, it became possible to start the process of combination breeding in a scientific
way
and to predict the results of a logical crossing program. The former simple selection was
backed by recombination and in parallel breeding changed from traditional
routes to a sophisticated industrialised
process. Traits or genes up till that time part of nature owned by nobody,
became a precious good sliding out of the public domain into the private sector. But a successful new variety is never better in only one trait; it is the result of the art to combine numerous
useful genes in one genotype. This should underline - right at the beginning - the only relative
value of a single gene, and in consequence the only limited importance of both: primitive cultivars or wild varieties with just several interesting
genes on the one hand and gene transfer
handling only a few genes of interest on the other hand.
A higher plant contains 20 000 to 50 000 genes; recombination is today and in the future the
central process and thus good luck, the green thumb, is an important prerequisite
for success,
like it has been since man settled about 10 000 years ago. It should be stressed that even
though there is a spectrum of new biotechnologies,
the present breeding progress is the result
of classical breeding, and this will continue. Genomics is an addition to classical
techniques
only, and will never replace them. Thus, a prerequisite for a successful plant breeding industry
is the establishment
of classical breeding programs. But merchandising
of biodiversity,
genotypes or ultimately genes will speed up and alter agricultural research, breeding and agribusiness.
Newapproaches
It is good luck that the new biotechnological
techniques arose just when the number of breeding aims and the need to produce more food from less land increased. Genomics is one piece
in the mosaic for increased food production. Before using genomics, it should be checked,
however, carefully whether it is cheaper, and/or faster, securer, more durable or not less sustainable than classical approaches. It would probably be a waste of time and money if it is
applied just because it is more fashionable.
If the use is done in the right manner, it is expected that the incorporation
of DNA technologies will be the most efficient way to combine
economic and ecological aims.
The production of the first transgenic cultivars being now in the market was driven by available technical
possibilities.
The structural analysis and subsequently
the functional
gene
analysis was much faster in bacteria, and in consequence it was easier to transfer genes identified in viruses and bacteria than such from higher plants. Now heavy research is going on in
the functional analysis of higher plants to identifying
enzymes, the field of proteomics. As
soon as its regulation and the metabolisms is under control, the area of metanomics, an effi-

cient improvement of existing cultivars will be the result, particularly
in characters also of
interest to the consumer with the consequence of an easier acceptance of new products. The
possibility
of converting our descriptive
research field to a constructive one, using genomics,
proteomics and metanomics increases the value of the genetic resources of higher plants as the
principle source for desired genetic informations.
Gene transfer is not the only branch of genomics. Presently tools helping to improving selection are of greater immediate importance. And thus DNA probes, can be used as markers for
the identification
of genes responsible
for traits of interest. Most of these probes are still only
detecting monogenic traits. An increasing interest exists, elaborating
probes form oligo- or
polygenic characters. A clear reproducible
correlation between probes and polygenic, quantitative traits (QTLs) would result in a tremendous improvement of breeding programs. Presently, the most powerful application
of such specific probes and molecular markers is opened
up by marker aided selection (MAS).
Besides MAS gene probes are also a useful tool in plant genetic resources collections.
The
easiest approach is to use DNA fingerprints to estimate genetic diversity. From comparison of
such patterns genetic similarities
can be estimated which in turn can serve as the basis for further multivariate
statistical
analysis. A dendrogram can make such relationships
visible. Such
a molecular tool will be helpful for 1. Detecting duplicates;
2. Ensuring a representative
core
collection;
3. Facilitating
the evaluation process. In the long run the present seed gene banks
might be backed by molecular gene banks, and eventually replace them.
This is not only true for the genetic information of Th the nucleus by also for the cytoplasmic
information. We used e.g. 180 dihaploid
potato clones and 144 German cultivars to analyse
their mitochondrial
genome with 1 1 homologous mtDNA-probes (Lossl et al. 1999). They
could be classified
on the basis of RFLP patterns into fife classes. A dendrogram on the basis
of their similarity
showed the genetic distances of the clones used. Some pattern types could
be traced back to Solanum phureja and S. andigena, while others had a typical S. tuberosum
pattern. By somatic fusion it was possible to combine different mitochondrial
types and it was
even possible to find recombinations
of the mitochondrial
genome. Such new mt types contained recombination-specific
repeats homologous to Petunia and Nicotiana.
The somatic fusion allowed in the presence of nearly isogenic nuclear genomes the estimation
of the contribution
of mt genomes to starch production. Evaluation of cytoplasmic types lead
to the conclusion that in starch content the types from non tuberosum Solanum species have a
significant
advantage to the tuberosum type cytoplasm.. In somatic hybrids an interaction between starch content and different mt-plastid combinations could be found. During the in vitro
phase a selection for optimised organellar segregation took place (Lossl et al. 2000).
These results underline the chances opened up by diploid potato species in a gene bank not
only for improved clones using the nuclear genome but also the importance of the cytoplasm.
For such approaches molecular markers are an essential tool.
Using genomics
We concentrated
use of differential
amounts by their
we were able to

on the nuclear level the problem of QTLs is most prominent at this moment.
on the estimation of genes contributing
to Phytophthora resistance.
By the
techniques genes can be identified
which are expressed in only very minute
enrichment of up to 1000 fold (Diatchenko et al. 1996). Using this technique
detect genes in potato whose expression is specifically
induced by the infec-

tion with Phytophthora
(Thiimmler
and Wenzel 2000). A plasmid library was constructed
which represented about 100 000 primary transformants, and which was expected to be greatly
enriched for clones carrying sequences of Phytophthora-induced
genes. Of 96 clones randomly
picked and analysed, 58% turned out to code for seven known pathogen related proteins. One
novel gene turned out to be clearly differentially
regulated and thus represents a new PR-gene.
The other 42% of the clones coded for weakly expressed genes, half of them represent genes
not present in the public databases, ad the other half exhibit homology to known enzymes
partly with relation to pathogen resistance. Two genes carry LRR domains. This experiments
demonstrate that gene libraries generated by SSH method represent excellent sources for the
identification
of genes involved in defence against pathogen attacks. Particularly
in finding
new sources for resistances in the collection
of wild potato species such an approach is highly
recommended.
Mapping monogenic traits is easier, however, crops exist which have a more complex genome
like the hexaploid
wheat. Chromosomal location of markers is a essential step for genotyping
(e.g. Zeller et al. 1998). For Triticum aestivum "Chinese Spring" we used 256 primer combinations with the AFLP technique using nulli-tetrasomic
stocks (Huang et al. 2000a). The
chromosome and arm assignment of AFLP markers provided a valuable tool for anchoring
unknown linkage groups in chromosomes from experimental wheat crosses involving gene
bank samples. Similar approaches were applied for mapping the Pm 24 locus by bulked segregant analysis in an F2 progeny from the cross Chinese Spring (susceptible
to powdery mildew) x Chiyacao (resistant).
An allele of a microsatellite
locus located 2.4cM from Pm24 was
shown to be diagnostic and therefore potentially
useful for pyramiding two or more genes for
powdery mildew resistance in a single genotype (Huang et al 2000b). Further, we mapped
powdery mildew and leaf rust genes on the IRS arm of the wheat-rye translocation
chromosome T1BL.1RS in relation to the Sec-1 locus and AFLP and FLP markers , employing segregating F3 populations.
Integration
of molecular markers indicated that Pml7 lies between the
Lr 26 and Sec-1 locus, with both resistance genes allocated distally
to the Sec 1 locus in the
satellite of the IRS arm (Hsam et al. 2000).
Using this information it was possible to combine three Pm genes in one line which is now
under variety test. In wheat we succeeded in combing different powdery mildew resistance
genes - showing the same phenotype - by MAS, hoping that such a pyramided resistance will
be more durable.

New biotechnological
processes are expected to speed up the breeding process. Thus, replacement of old cultivars may become faster. To check whether the fear of increased loss of
biodiversity
by this higher breeding speed is correct, in our institute Benedikte Hatz compared
by the use of molecular markers the gene basis of more than 200 accessions of barley (Hatz
1997). Using 50 DNA-probes in a wide range of different barley varieties, land races and lines
reaching from wild varieties till cultivars,
she could demonstrate that although phenotypic
variability
is lost, the genotypic variability
is not narrowed. Comparing the similarity of the
DNA composition by measuring genetic distances, it became evident that newer and older
types do not form any clear-cut genetic clusters. The danger that genetic variability
is lost due
to the selection process is not as large as anticipated.
Conclusion
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Only by new ideas the natural evolution can be turned into an anthropocentric
direction that
helps man to survive. This was and is the motivation for today's and forthcoming plant breeding. With increasing understanding
of the genetic basis of breeding - and the most advanced
one is the combination of genomics, proteomics and metanomics - genetic resources harbouring such genes are gaining more importance, at least for the immediate future. On the long run
their importance will decrease since more and more gene functions will be uncovered and
physical gene constructs are kept in molecular gene banks. Probably each new cultivar will be
polished with several transgenes. This means, however, that the vast majority of the genes will
still be brought together by recombination and consequently progress in plant breeding demands a powerful classical program. Such basic genotypes are modified with several additional genes via transformation.
In addition to the molecular gene banks, increasing knowledge on the physiology
of gene
functions is generated, as e.g. for disease resistances. This will allow eventually the modification of such genes and the programmed construction of new resistance genes, which reduces
the importance of genetic resources. As long as this is only fiction and as long as man cannot
construct new genes but just new genotypes and since nobody knows the needs of tomorrow,
genetic resources are a precious good. Due to the high costs which have to be invested for
isolation
and due to the rule that precious things have their price, patenting is a fair way for
protection.
Anyone keeping patented gene collections
should, however, be obliged to give
licences. The price for such a licence might be paid under special circumstances also by the
public. Particularly
since the amount of food and feed stored world-wide would last in the
case of a bad harvest only for about 60 days! A clever usage of genes in gene banks is one of
the best paying strategies to win the battle against stress, pests and diseases.
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The genus Oryza to which cultivated rice (p. sativa 2n=24) belongs has 24 wild
species.
These wild species representing AA, BB, CC, BBCC, CCDD, EE, FF, GG and
HHJJ genomes (2n=24 or 48) are an important reservoir of useful genes for resistance to
major diseases, insects and tolerance to abiotic stresses.
A series of interspecific
hybrids,
monosomic alien addition lines and advanced backcross progenies (introgression
lines) have
been produced through embryo rescue from crosses of elite breeding lines with wild species
representing different
genomes. Intergeneric
hybrid between O. sativa and Porteresia
coarctata, a tetraploid salt tolerant species has also been produced. Backcrossing of this F1
with the recurrent rice parent has been unsuccessful, probably due to strong incompatibility
barriers.
Introgression lines through direct crosses have been produced between indica rices
and closely related AA genome wild species such as O. rufipogon, O. longistaminata and O.
glaberrima.
Genes for resistance to brown planthopper, bacterial blight, blast and tungro
have been transferred from different wild species into elite breeding lines of rice. Some
promising breeding lines derived from the crosses of O. sativa x O. officinalis and O. sativa x
O. rufipogon have been released as varieties for commercial cultivation.
Some of the
introgressed
alien genes (BphlO, Xa2\, Pi9) have been tagged with molecular markers.
Molecular analysis revealed introgression
of small chromosome segments from distantly
related species (CC, EE, FF genomes) into rice. In majority of the cases, one or two markers
were introgressed with flanking markers negative for introgression.
Such small alien
chromosome segments introgression
in the face of limited homoeologous chromosome
pairing is being investigated.
Through flourescence in situ hybridization
(FISH), parental
genomes have been characterized in several interspecific and backcross progenies involving
different genomic constitutions.
Chromosome pairing between A and E genomes was
analyzed through FISH. The results showed both autosyndetic (AA, EE) and allosyndetic
(AE) pairing.
Alien chromosome segments introgressed
from the wild species into rice
could also be located through FISH. We are using AA genome wild species to identify and
introgress yield enhancing loci/QTL into rice. Preliminary results indicate that introgression
fromAA genomewild species {p. rufipogon, O. longistaminata) can enhance grain yield of
rice. A large number of introgression
lines from crosses of O. sativa x O. glaberrima have
been produced and are being evaluated for transfer of tolerance to abiotic stresses from O.
glaberrima into the recurrent parent, O. sativa.
Dihaploid lines (DH) have been produced
through anther culture from the FIs of O. sativa x O. glaberrima.
Microsatellite
markers
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show extensive polymorphism between O. sativa and O. glaberrima.
These markers are
used to determine introgression
from O. glaberrima into O. sativa using advanced backcross
progenies and DH populations.

13

Genetic

architecture

and complexity as revealed at the molecular
in wild and cultivated
rice

level

Y.Sano
Plant Breeding Lab. , Faculty of Agriculture,
Hokkaido Univ., Sapporo, 060-85 89 Japan
Keywors : Rice, Waxygene, genome architecture, repetitive
sequences, recombination
Genetic diversity
at the molecular level generally decreases due to genetic
bottlenecks
during domestication
in crop plants, however, phenotypic diversity increases
during domestication
as a general trend in crop plants.
The discrepancy between phenotypic
and molecular levels is needed to be resolved in order to understand genepools of crop plants.
Here we examined allelic differentiation
at wx and its flanking region for understandings
of
the genomic complexity observed in wild and cultivated rice.
Allelic

diversty at the wx locus
The Wxgene plays a major role for eating quality of rice since it encodes
ADPglucose starch glycosyl transferase and controls amylose content in the endosperm. So
far, 5 different Wxalleles (Wxa, Wx1",Wx\ Wxop
and wx) were defined on the basis of the
amount of the gene product.
The different alleles regulate the level of the Wxproduct
resulting in a range of variation in amylose content.
Wxhpredominates in the Japonica type
of O. sativa while Wxapredominates in the Indica type and its relatives.
The difference in
the cw-acting function is due to a point mutation of GT to TT at the 5' junction of the first
intron in the Wxgene, which results in an inefficient
splicing for the mature transscript in the
endosperm with Wxb(Hirano et al. 1998).
It was predicted that various Wxalleles were
derived from Wxaduring domestication since the wild relatives carried only Wxa. We
determined sequences of Wxgenes of 2 1 wild and cultivated strains and constructed a
neibour-joining
tree (Fig. 1). On the basis of Wxsequences, Indica strains were separated
from a cluster containing Javanica and Japonica types.
An exception was a waxyIndica
strain (SIN-1 1) which was included in the latter cluster.
On the other hand, strains of O.
rufipogon which is the progenitor of O. sativa tended to be dispersed in different clades.
African cultivated rice (O. glaberrima, GL) and the progenitor (WBA) formed a clade,
although they were close to Japonica type rather than Indica type.
When allelic states of Wx
and the sequence at the 5 ' junction of the first intron were taken into account, the phylogeny
for the Wxgene fitted to the expectation that allelic diversity increased during domestication.
Wxop
and Wx1"both carried GT at the juction, suggesting they were derived from Wxa. The
former seemed to have occurred in Indica type although the latter in Japonica or Javanica type.
Wxbalso seemed to have been derived from Wxa,possibly during the domestication
process of

Japonica type. TT at thejuction
was also deteced in 3 waxy strains all of which were
included in a clade containing Japonica type. The 3 waxy strains were considered to have
independent origins because they had different mutaions within the Wxgene. These results
might give a possibility
that the wx gene in SIN-1 1 is a result of introgression
from a waxy
Japonica strain to an Indica type.

Fig. 1.
Neighbour-joining
tree for wxbased on the transcribed
region (exon 2 - exon 13)
in wild and cultivated rice. O. sativa (SIN, Indica type; SJV, Javanica type; SJP, Japonica
type), O. glaberrima (GL), O. rufipogon (WR), O. barthii (WBA) and O. punctata (WPU)
were used for the study.
Type of Wxalleles and the sequence at thejunction
of the 1st
intron are also indicated.
Bootstrap values (1000 times) are shown below the blanch
(Mikami and Sano, unpublished).
Genomic structure surrounding the Wxgene
Recent interests in plant evolution have been focused on a rapid changes in
repetitive
sequences between genes during speciation.
To investigate the genomic
organization of the region surrounding the Wxgene, contiguous clones covering a total of
260-kb were constructed using a BAC library (Nagano et al. 1999).
We devided the 260-kb
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region into 60 segments to use as probes to determine their repetitiveness
by means of
southern hybridization.
The hybridization
patterns obtained by probing with these fragments
were classified
into 4 types depending on their repetitiveness
within rice genome (Fig. 2).
About 70 % of the region was regarded as highly repetitive
sequences which were dispersed
within the genome. In addition, the repetitiveness
of each fragments was compared among
AA-genomespecies in Oryza. Highly repetitive
sequences of class 4 (Fig. 2) showed no
obvious difference in the hybridization
pattern among the AA-genome species, suggesting
that those highly repetitive
sequences are well conserved in the closely related taxa.
However, one sorted into class 3 showed copy numbers varying among the AA-genome
species.
The lines belonging to O. sativa, O. rufipogon, O. meridionalis,
and O.
longistaminata
possessed high-copy numbers of this fragment, whereas only a few bands
were detected in the lines from O. glaberrima, O. barthii, and O. glumaepatula (Nagano et al.
2000).

Distribution

of genetic recombination
around the Wxgene
Meiotic recombination does not occour uniformly along the chromosomes
although our knowledge on recombination is limitted in crop plants.
The Wxgene gives a
unique opportunity to examine the frequency of intragenic recombination within locus, so we
compared the frequencies of recombination within the Wxgene and in the flanking region
(Khin et al. 1999).
From pollen analysis in hetero-allelic
wxplants, the average frequency of
recombination within the Wxgene was estimated as 27. 1 kb/cM which was about 10 times
higher than that based on the whole rice genome (250-kb/cM).
Six single-copy clones from
the 260-kb contig were used to estimate frequencies of recombination
in the 195-kb around
the Wxgene. Examinations in a cross ofT65wjc and IR36 revealed that the recombination
frequency within 195-kb region was estimated as 148 kb/cM.
This value was two times
higher than the genome avarage, but five times lower than that estimated within the Wxgene.
The distribution
of recombination sites seemed to be evenly distributed
in the 195-kb region.
Thus, the present results suggest that the region within the Wxgene is markedly active for
meiotic recombination compared with the flanking region which contains repetitive
sequenses.
Recombination is supposed to be important for evolution as well as breeding since adaptive
genes are accumulated into the same chromosome mainly by meiotic recombination.
Whether or not the recombination frequency varies between species is also an urgent problem
to be solved in order to use alien genes efficiently.
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Introduction
Rice is the world's most important food crop and the staple food in Indonesia.
The
country is currently
self-sufficient
in rice, producing
48.8 million
tons on 10.6 million
hectares of land.
Rapid population
growth is putting
increasing
pressure on the foodproducing resources of Indonesia and new crop varieties and cropping systems are needed to
meet consumer demand. Rice production
alone will have to increase to 53 million tons per
year by 2000 in order to maintain self-sufficiency.
New paradigms
of international
cooperation
are needed and new strategies
for plant improvement capable of producing
highly
productive,
nutritious,
and resource-efficient
crop varieties
must be developed.
Familiarity
with a variety of approaches
to genetic enhancement of crop plants were
increasingly
essential to those involved in agricultural
research.
Genetic diversity
is a prerequisite
for increasing
yields and for stabilizing
production
in the face of disease epidemics and fluctuating
environmental conditions.
Vast reservoirs of
genetic diversity
have been collected and are maintained in germplasm collections
around the
world. However, there has been relatively
little utilization
of these genetic resources to
enhance the performance of elite rice cultivars,
other than as a source of single genes for
disease and insect resistance.
Broadening the genetic base of the rice breeding program in
Indonesia would have positive effects on the sustainability
of the breeding effort as well as on
the stability
of performance in both the short and the long term. New strategies
that
simultaneously
target variety development and diversification
of the gene pool are urgently
needed.
Two well-saturated
RFLP maps of rice are available
(Causse et al, 1994; Kurata et
al, 1994),
and a microsatellite
map providing
genome-wide coverage of rice had been
developed at Cornell University.
These maps contain closely linked, codominant loci that
can be monitored for linkage to genes controlling
virtually
any character important to crop
plants (Tanksley,
1993).
These maps, if used in conjunction
with traditional
breeding
techniques,
can allow researchers to locate and selectively
transfer genes that will improve
yield (Xiao et aL, 1995), quality (Ahn etal, 1993; Harrington et al, 1996; Yano et al, 1988)
and adaptability
to different
production
conditions
(Wang et al, 1994; Champoux et al,
1995; Li et al, 1995; McCouch and Doerge, 1995; Ray et al, 1996; Redono and Mackill,
1996).
By targeting
previously
untapped sources of genetic variation,
molecular marker
analysis
offers an effective way of bringing
valuable new genes into the gene pool and
simultaneously
improving crop performance (Xiao et al, 1996).
The objectives
of this research are 1) to facilitate
the utilization
of exotic rice
germplasm, 2) uncover positive alleles which otherwise would be overlooked based on the
phenotype of the parent, 3) to identify
molecular markers for the alleles of interest to aid in

marker-assisted
variety, and 4) to initiate
the development of near isogenic
background as the foundation for multi-location
evaluation and variety release.

lines

in IR64

Materials

and methods
A marker-assisted backcross breeding strategy was being used to rapidly discover and
transfer yield-enhancing
QTL alleles from wild or unadapted species of Oryza into locally
adapted indica cultivars widely grown in Indonesia. One elite indica variety, IR64, was used
as female parents in crosses with Oryza rufipogon (Accession #IRGC105491).
BC2F2
families were analyzed for yield and yield components in replicated
field trials in Bogor and
Sukamandi, and the same families were analyzed with RFLP and microsatellite
markers as
the basis of QTL identification.
Characterization
of populations
in 2 locations in Indonesia
were used to determine if the effects of the QTL are similar across locations (G X E).
BC2F2 families are being developed according to the scheme outlined in Figure 1.

Figure 1. Flow chart of population

development.

Parental survey filters containing
IR64, O. rufipogon and the corresponding
Fl's were
prepared. RFLP markers from the rice molecular linkage map (Causse et aL, 1994) had been
selected at 20 cM intervals throughout
the genome and were scored for polymorphism
between pairs of parents. Microsatellite
markers had also been selected to provide saturated
genome coverage. The use of microsatellites
was expected to increase the probability
of
detecting polymorphism
between parental lines and to increase the efficiency
of the mapping
effort.
Populations
consisting
of BC2F2 families were evaluated for their agronomic traits
based on field experiments conducted at the Muara Experiment Station in Bogor and at the
Research Institute
for Rice in Sukamandi.
Two replications
were evaluated
in each
environment and plots consisted
of 3 rows of 25 plants/row.
A standard field evaluation
system was used to permit a comparison of genotype x environment interaction
(G X E)
among these populations.
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The phenotypic and genotypic data were used as the basis for QTL analysis to identify
putative
marker-designated
regions of chromosomes associated
with yield and yield
components in the Bogor and Sukamandi growing environments. Standard analytical
procedures for identifying
QTL (interval
analysis;
ANOVA) using a variety of software
packages (Q-Gene; C. Nelson, Plant Breeding
Dept, Cornell Univ., pers. comm.) and
MAPMAKER/QTL (Lincoln et aly 1992) were employed in the analysis.
Results

and Discussion
Asian and American rice breeders have made virtually no use of Oryza rufipogon in
commercial inbred or hybrid development.
This can be attributed
both to the many
agronomically
undesirable
traits apparent in progenies of these materials, and to breeders'
inability
to identify useful genetic variation based on field evaluation of such progenies.
Preliminary
QTL analysis
revealed potentially
beneficial
QTL alleles from O.
rufipogon. A region on chromosome 5 provided an increase in yield from the O. rufipogon
introgression,
and an O. rufipogon introgression
on chromosome 7 provided an increase in
grains per plant. In addition,
despite the late heading date of O. rufipogon, three putative
heading date QTL introgressed
from O. rufipogon provide earliness, located on chromosomes
1, 8, and ll. A QTL allele from O. rufipogon on chromosome 1 provides an increase in grain
weight and panicle length.
As expected, some negative traits were also contributed by O.
rufipogon, including a large increase in plant height on chromosome 1, in a similar region as
the sd-1 locus. Careful selection
against these negative regions will be needed to avoid
weedy characteristics
in the improvement process. Several grain quality QTL were detected,
including increased amylose content on chromosome 6 from O. rufipogon, possibly explained
by the waxy locus.
The linkage map for the IR64/0. rufipogon QTL mapping population
of 285 BC2F2
families
genotyped at Cornell contains 126 markers. Most of these (92 markers) are
microsatellite
markers that had been previously developed at Cornell.
The microsatellite
markers provided a higher rate of polymorphism than RFLPs, and also were able to be run
using a high-throughput
protocol. In addition, 34 RFLPs were added to fill gaps in the map,
and to aid in comparisons in previous rice QTL studies, as well as comparative maps in the
grasses.
A QTL introgressed
from O. rufipogon on chromosome 5 was significant
for
increased yield (LOD = 3.02) from the field data from Sukamandi, Indonesia.
This same
region also had slightly
smaller QTL for increased grains per plant and seed set from O.
rufipogon (LOD = 2.62 and 2.60, respectively).
The percent variance explained (R2) for this
yield QTL is 4.9%.
A QTL introgressed
from O. rufipogon on chromosome 7 was significant
for
increased yield components: spikelets
per plant (LOD = 5.53; R2 = 8.0%) and grains per
plant (LOD = 3.61; R2 = 4.8%) from the field data from Bogor, Indonesia. This same region
also had slightly
smaller QTL for yield from O. rufipogon (LOD = 2.55, R2 = 3.1%). At the
same time, this same region had a QTL for smaller grain weight from O. rufipogon (LOD =
4.49;
R2 = 6.1%). Therefore, the O. rufipogon alleles in this region contribute a larger
number of smaller grains. More work would be needed to determine if pleiotropy
or multiple
genes in this region are causing these effects.

11.1%).
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Multiple QTL were detected near the end of the long arm of chromosome 1 in both
field environments (Sukamandi and Bogor, Indonesia).
Very large plant height QTL were
detected with increased height from O. rufipogon, with 46.6% variance explained
in the
Sukamandi field trail, and 31.9% explained
in the Bogor trial (LOD = 45.46 and 29.13,
respectively).
Previous reports have detected a gene for semi-dwarf habit (sd-1) in this
region. Panicle length QTL from O. rufipogon were also detected in this region (Sukamandi:
LOD = 3.17, R2 = 3.9%; Bogor: LOD = 4.48, R2 = 6.7%). In addition, QTL for increased
grain weight from O. rufipogon were detected in this region (Sukamandi:
LOD = 2.81, R2 =
4.8%; Bogor: LOD = 7.86, R2 =
At this time, it is not known whether pleiotropy
or
multiple genes are causing these QTL effects.
Three QTL were detected where the O. rufipogon allele provides
earliness
when
compared to the IR64 background,
all of which were detected in the Sukamandi field
environment. These were located on chromosomes 1, 8, and ll (LOD = 4.35, R2 = 7.3%;
LOD = 3.93, R2 = 6.0%; and LOD = 7.49, R2 = 9.8%, respectively).
A QTL for increased amylose content from O. rufipogon was detected at the top of
chromosome 6 (LOD = 14.7, R2 = 18.2%). Previous reports have located the waxy gene in
this region. In a different region of chromosome 6, a QTL was detected for gel consistency,
with IR64 providing
an increase in gel-mm (LOD 4.23, R2 = 5.5%).
A QTL of large effect was detected on chromosome 7, with O. rufipogon providing
red grains (LOD = 27.0; R2 = 36.8%). As this is a negative trait from O. rufipogon, this
information can be used to select against O: rufipogon introgressions
at this location in future
breeding efforts.
A QTL for milled grain quality was detected on chromosome 2, where IR64 increases
the percent of whole, unbroken grains (LOD 3.64, R2 = 5.5%).
Conclusion
•E Wild species, such as O. rufipogon, do harbor genes capable
cultivated
rice.
•E This molecular breeding strategy can simultaneously
identify and
"wild QTL" into elite breeding lines.
•E With the use of saturated linkage maps, it is possible
not only
traits, but also to effectively
reconstruct a genotype of interest via
of target QTL.
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Abstract
Intron-2 of the rice (Oryza sativd)
CatA catalase gene is similar in nucleotide
sequence to p-SINEl, a retroposon.
To examine when the p-SINEl-like
intron was inserted
into CatA during the evolutionary
divergence of Oryza species, and to elucidate
the
evolutionary
relationships
among Oryza species using the intron as a marker, polymerase
chain reaction (PCR) analyses were performed.
The results indicated
that all the Oryza
species with the AA genome have the CatA ortholog with the intron, whereas other Oryza
species have the CatA ortholog without the intron.
These findings indicate that intron-2 of
CatA is a good marker for distinguishing
rice with the AA genome among Oryza species.
Tourist-OsaCatA, a miniature inverted-repeat
transposable
element (MITE), was found in the
5 -flanking
region of the rice CatA. PCR and sequencing analyses revealed that the AA
genome Oryza species, except O. longistaminata,
contain the full-length
Tourist element and
that O. longistaminata
and other Oryza species contain the partial element.
This Tourist
element is distributed
in all four Oryza species complexes in the Oryzeae tribe.
A
phylogenetic
tree of the CatA orthologs in Oryza species based on the nucleotide sequences of
the Tourist elements was constructed.
The CatA orthologs formed four clusters, each of
which corresponded to one of the Oryza species complexes.
Although the CatA orthologs in
O. longistaminata
accessions were in a cluster with those in the other AA genome species,
they were placed near those of the species in the O. officinalis complex. The Tourist
elements associated
with CatA and its orthologs
are thus useful for examining the
evolutionary relationships
among Oryza species.
Intr oduction
Oryza sativa, rice, is one of the species classified
into the genus Oryza. Oryza
species can be taxonomically divided into four species complexes: the O. sativa, O. officinalis,
O. meyeriana and O. ridleyi complexes (Vaughan 1989).
The O. sativa complex consists of
the Oryza species with the AA genome, and the O. officinalis complex with the BB, CC, EE,
FF, BBCC and CCDD genomes.
Aggarwal et al. (1997)
proposed
new genomic
designations
based on the results of total genomic DNA hybridization:
GG for the O.
meyeriana complex and HHJJ for the O. ridleyi complex.
Catalase (H2O2:H2O2 oxidoreductase,
EC 1. 1 1. 1.6; CAT) catalyzes the dismutation of
hydrogen peroxide, one of the activated oxygen species, into oxygen and water, and is found
in a wide range of organisms from aerobic bacteria to higher plants and higher animals.
O.
sativa has three catalase genes, as is the case for other higher plants examined to date. One
of the rice catalase genes, CatA (Higo and Higo 1996), has a unique intron (intron-2 as shown
in Fig. 1), which appears to have been derived from the insertion of a retroposon,
p-SINEl
(Iwamoto et al. 1998).
In addition, a MITE named Tourist-OsaCatA was also found in the
5 -flanking region of rice CatA (Fig. 1).
In this study, to elucidate
the evolutionary
relationships
among Oryza species,
phylogenetic
analyses were performed using nucleotide sequences of the /?-iS77VE7 -like introns
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and the Tourist elements associated
with CatA and its orthologs
(Tourist-CatA),
evolutionary pathway of Oryza species was inferred from these results.

and the

Fig. 1
Exon-intron structures of O. sativa (Os) CatA. Exons and introns are
indicated
by boxes and thick lines, respectively.
Tourist-OsaCatA and p-SlNEl-hke intron
are shown by the shaded boxes. The designation
of the location of Tourist-OsaCatA refers
to its distance in base pairs from the CDNAstart site of CatA.

p-SINEl-tike intron
To examine whether CatA orthologs in Oryza species have the p-SINEl-like intron,
PCR analyses of 39 accessions from 17 Oryza species were performed (Iwamoto et al. 1998;
Iwamoto et al. 1999a).
Agarose gel electrophoresis
of the PCR products revealed that all AA
genome Oryza species had a major band of about 400 bp, indicating the presence of the intron.
In O. rufipogon W0120, there are two major bands of about 400 and 450 bp. When the PCR
products of six accessions of O. longistaminata collected from various regions of Africa were
electrophoresed,
there were several major bands in two accessions (C101229
and C104977).
In the Oryza species with genomes other than the AA genome, one major band of about 300
bp, the size of which was equivalent to that of the PCR product of the CatA ortholog without
the intron, was detected irrespective
of genome type.
A phylogenetic
tree of the CatA orthologs in the AA genome Oryza species was
constructed based on the nucleotide sequences of the PCR products of the CatA orthologs.
In the tree, the CatA orthologs were roughly divided into two groups: those in the
Asian/Oceanian
Oryza species, and those in the African species.
Furthermore, the
Asian/Oceanian
Oryza group could be divided into two subgroups: the CatA orthologs of
three varieties of O. sativa formed one subgroup, and those of O. nivara and O. rufipogon, all
of which are wild Oryza species distributed
in Asia and Australia, formed the other.
Tourist- CatA
PCR analyses of the 37 accessions of 17 species were performed (Iwamoto et al.
1999b).
Agarose gel electrophoresis
of the PCR products revealed that the AA genome
Oryza species, except for the O. rufipogon W0157 and O. longistaminata
accessions, had a
major band about 400 bp in length, suggesting the presence of the Tourist element. On the
other hand, the accessions of the O. officinalis, O. ridleyi and O. meyeriana complexes and O.
longistaminata
had a major band of about 250 bp. Sequencing revealed that the Oryza
accessions showing the 400-bp PCR products had Tourist element sequences almost identical
to Tourist-OsaCatA.
On the other hand, the accessions showing the 250-bp PCR products
had partial sequences of the element.
A phylogenetic
tree of the CatA orthologs in Oryza species was constructed based on the
nucleotide sequences of the conserved region of Tourist-CatA (Fig. 2). The CatA orthologs
formed four clusters, each of which corresponded to one of the Oryza species complexes.
The agreement between complexes and clusters
confirms
that the structuring
of

Fig. 2 Phylogenetic
tree,
nucleotide
sequences of the
distances are proportional
to
numbers at the nodes are the
are indicated in capital letters.

constructed
by the neighbor-joining
method, based on the
conserved region of the Tourist-CatA elements.
Horizontal
evolutionary
divergence among the nucleotide sequences.
The
bootstrap values from 1000 replicate samples.
Genome types

Oryza species into clade complexes is biologically
justified.
Although the CatA orthologs in
O. longistaminata
accessions were in a cluster with those in the other AA genome species,
they were relatively
distant from the orthologs of the other species in the O. sativa complex
and were located closer to those of the species in the O. officinalis
complex.
The
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phylogenetic
tree showed that the CatA orthologs in the species of the O. sativa complex are
evolutionarily
close to those in the species of the O. officinalis complex, and are most distant
from those of the two accessions of the O. meyeriana complex.
It seems likely that Tourist-CatA was already present in the 5 -flanking region of the
CatA ortholog in the common ancestor of Oryza species, and that partial deletion
of the
Tourist-CatA occurred in the ancestor(s)
of 0. longistaminata
and the species in the O.
officinalis,
O. ridleyi and O. meyeriana complexes during the course of evolution of Oryza
species.

Acknowledgments
I would like to thank my collaborators.
Ministry of Agriculture,
Forestry and Fisheries,

This work was supported
Japan.

by grants from the

References
Aggarwal, R. K., D. S. Brar and G. S. Khush. 1997. Two new genomes in the Oryza complex
identified
on the basis of molecular divergence
analysis
using total genomic DNA
hybridization.
Mol. Gen. Genet. 254:1-12
Higo, K. and H. Higo. 1996. Cloning and characterization
of the rice CatA catalase gene, a
homologue of the maize Cat3 gene. Plant Mol. Biol. 30:505-521
Iwamoto, M, M.Maekawa, A. Saito, H. Higo and K. Higo. 1998. Evolutionary
relationship
of plant catalase genes inferred from exon-intron structures:
isozyme divergence after
the separation of monocots and dicots.
Theor. Appl. Genet. 97:9-19
Iwamoto, M., H. Nagashima, T. Nagamine, H. Higo and K. Higo. 1999a. p-SINEl-like
intron
of the CatA catalase
homologs and phylogenetic
relationships
among AA-genome
Oryza and related species.
Theor. Appl. Genet. 98:853-861
Iwamoto, M., H. Nagashima, T. Nagamine, H. Higo and K. Higo. 1999b. A Tourist element in
the 5 -flanking
region of catalase gene CatA reveals evolutionary
relationships
among
Oryza species with various genome types.
Mol. Gen. Genet. 262:493-500
Vaughan, D. A. 1989. The genus Oryza L.: Current status of taxonomy. IRRI Res. Paper Ser.
138

26

The construction
(Institute

of Genetics,

and identification

Chinese

Bin Wang
Academy of Sciences,

of plant

BAC library

Beijing

100101,

P. R. China)

Abstract:
The construction
of artificial
chromosomal library is a key step for plant
gene isolation.
Bacterial
Artificial
Chromosome (BAC) library is the most widely
used library in plant molecular biology
research. In this presentation,
rice BAC
library was taken as an example to illustrate
the procedure and the methodology for
plant
BAC library
construction,
identification,
screening
and BAC contig
development. A new method for the preparation
ofHMW (Mb size) DNA and large
inert DNA fragments for BAC library construction
was introduced.
The HMWDNA
prepared with this method is pure enough, without LMWnuclear DNA and organelle
DNA contamination.
The constructed rice BAC library consisted
of 18,432 BAC
clones that were stored in 192 pieces of 96-well plate and 48 pieces of384-well
plate
respectively.
The whole BAC library was transferred onto 24 pieces of 12x8 cm highdensity membrane filters, in which each BAC clone was duplicated.
The average
insert size of the BAC clones is about 120 kb. The total capacity of the BAC library
is 5.14 times equivalent
of rice haploid
genome. The possibility
in success of
screening with single-copy
probe is about 99%. In stability
test, five BAC clones
were transferred
generation after generation till to 100 generations.
The digestion
patterns at generation
time 0 and 100 of the BAC clones were compared, no
significant
difference was found. This result indicates
that the host cells ofE. coli can
stable maintain the BAC clones till 100 generations.
382 BAC clones were screened
with ctDNA and mtDNA probes, no positive clone was found, this result indicated
that the BAC library was without significant
contamination
of organelle DNAs. The
BAC library was screened with three molecular markers linked to rice Ef(t) gene, 7
different
positive BAC clones were identified,
and two primary BAC contigs were
developed with these 7 BAC clones. Then, the two primary contigs were jointed
together through chromosomal walking. A BAC contig encompassing the Ef(t) gene
locus was developed which consisted of 3 BAC clones covering about 250 Kb. The
Ef(t) gene was harbored in the BAC clone 2706. Later, the BAC library was screened
with molecular markers linked to rice tmsl gene, a BAC contig encompassing the
tmsl gene locus was developed which consisted of 5 BAC clones covering about 400
Kb. The tmsl gene was harbored in the BAC clone 14K4.
The problems and possible
resolutions
met in the process of BAC library
construction were discussed.
Key words: Rice;
gene

Artificial

chromosomal library;

BAC library;
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1. Introduction
BAC is the abbreviation
of Bacterial
Artificial
(Chromosome, it is a kind of
cloning vector for library construction.
Because this vector originated
from F' factor
of bacteria (E.coli F' strain), so it got the name of BAC. BAC library is a kind of
Artificial
Chromosomal Library. Libraries
constructed
using BAC as vector are
called BAC libraries.
There are several kinds of artificial
chromosomal libraries
now,
such as YAC library, BAC library,
PAC library, TAC library, MAC library. The
historical
development of artificial chromosomal libraries
is shown as follows:
Librari es :
Developed in:

YAC->B AC->PAC->BmAC-»TAC
1988
1992
1994
1996
1996

Among them, BAC library is the most widely used one, because it with some
advantages over other libraries,
such as: easy to manipulate,
low chemerism, clear
genetic background, stable (over 100 generation),
high transformation
efficiency and
with reasonable insert size. BAC library is becoming a useful and necessary tool for
plant molecular genetics research, such as: genome research, gene map based cloning
(MBC), gene fine mapping, BAC contig construction,
BAC transformation
and BAC
FISH. Two new vectors, BIBAC and TAC, are derivatives
of BAC and specially
designed for plant gene transformation.
2. Basic procedure
The basic

for BAC library
procedure

construction

for BAC library

construction

diagram.

Fig. 1. Procedure

diagram

for BAC library

construction

is illustrated

in the follow
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From this diagram, it is known that the preparation
ofBAC vector DNA and
inert DNA are the key steps for constructing
a good BAC library. In our laboratory,
the BAC vector DNA is usually prepared by ultra-high
speed centrifiigation
in CsCl2
gradient,
and digested
with restriction
enzyme Hind III, then dephosphorylated
to
prevent from self-recycling
and stored as small aliquot at -70 °C. The insert DNA
(100-200
Kb) was prepared from HMW(Mb size) DNA isolated from contact nuclei
after in situ digestion
by Hind III followed by two-size fractionation
via PFGE. The
size-fractionated
DNA fragments in gel slices were recovered by electroelution.
Finally,
the recovered insert DNAs were ligated to the dephosphorylated
BAC vector
DNA with T4 DNA ligase. The ligation mixture was used to transform the competent
cells of E. coli strain DH10B by electroporation.
The recombinants
were selected
based on CmRand white colony. After enough qualified
BAC clones were obtained,
they were distributed
into both 384-well and 96-well plates respectively,
and stored at
-70°C.
3. Identification

of the constructed

BAC library

A qualified BAC library must be good in representative
of the plant genome
regarding to its capacity and reality. Based on this principle,
in practice, BAC library
was usually
identified
base on the following
parameters:
(1). The insert size
distribution;
(2). Percentage of empty clones; (3). Total capacity;
(4). Reality;
(5).
Clone stability;
(6). Level of ctDNA and mtDNA content. The identification
results
of the constructed rice BAC library are as follows:
(1). The insert size distribution:
DNAs were extracted
from 110 randomly
selected
BAC clones (from
different
ligations)
of the library. The isolated DNAs were completely
digested
with
Not I and analyzed by PFGE. The insert size of BAC clones ranged in 50-250 Kb,
and over 70% of the BAC clones have inserts larger than 100 Kb. The average insert
size of the BAC library is about 120 Kb.
(2). Percentage of empty clones:
In the 206 BAC clones tested, only one was found without
Therefore, the percentage of empty clones is about 0.5%.
(3). Total capacity:
The total clone number of the
the BAC clones is about 120 Kb. So
Therefore, the total capacity
rice haploid genome. The possibility
is about 99%.
(4).

sufficient

insert.

BAC library is 18,432, the average insert size of
that: 120 (Kb) X 18432/430000
(Kb)=5.14
of the BAC library is 5.14 times equivalent
of
in success of screening with single-copy
probe

Reality:
In order to confirm the reality of the insert DNA ofBAC clones, 36 randomly
selected BAC clones were digested with Not I and subjected
to PFGE analysis. The
digested
BAC DNAs were Southern blotted and hybridized
with total rice genomic
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DNA. All of the inserts from the 36 BAC clones were hybridized.
indicate that the BAC clones contain really rice genomic DNA
(5). Clone stability:
In stability
test, five
til to 100 generations.
The
BAC clone were compared,
that the host cells ofE. coli

These results

BAC clones were transferred generation after generation
digestion
patterns at generation time 0 and 100 of each
no significant difference was found. This result indicates
can stable maintain the BAC clones till 100 generations.

(6). Level ofctDNA and mtDNAcontent:
382 BAC clones were screened with mixed probes from sorghum chloroplast
psbA gene and maize mitochondrial
atp6 and 18S+5S genes. No positive clone was
found, this result
indicated
that the BAC library
was without
significant
contamination of organelle DNAs.
4. Make high-density

filters

The constructed rice BAC library
in 192 pieces of 96-well plate and 48
whole BAC library was transferred onto
N^ membrane filter, in which each BAC
1536 BAC clones.
5. BAC library

consisted of 18,432 clones that were stored
pieces of 384-well plate respectively.
The
24 pieces of 12x8 cm high-density
Hybondwas duplicated.
Eachpiece offilter contains

screening

The BAC library was screened with three molecular markers linked to rice
Ef(t) gene, 7 different positive BAC clones were identified,
and two primary BAC
contigs were developed with these 7 BAC clones. Then, the two primary contigs were
jointed
together through chromosomal walking. A BAC contig encompassing the Ef(t)
gene locus was developed which consisted of 3 BAC clones covering about 250 Kb.
The Ef(t) gene was harbored in the BAC clone 2706. Later, the BAC library was
screened with molecular
markers linked
to rice tmsl gene, a BAC contig
encompassing the tmsl gene locus was developed which consisted of 5 BAC clones
covering about 400 Kb. The tmsl gene was harbored in the BAC clone 14K4.
6. Storage
48 pieces

of the BAC clones

All of the 18,432 BAC clones were stored in 192 pieces of 96-well
of384-well
plate respectively.
They were all stored at -70 °C.

plate and

The construction
of BAC library from rice line 5460F will facilitate
the
physical
mapping and the isolation
of Efft) gene as well as the tmsl gene by using
map based cloning approach.

30

Rice centromere structure with repetitive
artificial
chromosomes (RACs)
Nori Kurata, Tadzunu Suzuki, Ken-ichi Nonomura
National Institute
of Genetics, Yata 1, 1.1.1, Mishima,
e-mail: nkurata @lab.nig.ac.jp
Key words : rice, centromere,

repetitive

sequences

Shizuoka

sequence, artificial

and construction

41 1-8540,

of rice

Japan.

chromosome

Centromere is characterized
by several structural and functional features which should
be necessary for its own roles, such as kinetochore
formation,
chromatid cohesion and
chromosome separation.
Centromeres consisting
of multiple repetitive
sequences form quite
specialized
organization
to express their function.
Centromeres of most organisms analysed
so far span from hundreds kilobases
to more than several megabases as the regions being
highly heterochromatic,
late DNA replicating
and suppressed in genetic recombination.
The
region showing centromere characteristics
is composed of many kinds of repetitive sequences,
a part of them is specific to the organisms and others are commonto many organisms.
In this paper, we analyse multiple repetitive sequences composing rice centromeres and
their organization
in the centromere structure.
Several commonrepetitive sequences to other
cereal centromeres may indicate structural
origin of cereal centromeres.
This may also
suggest a probability
of functional
replacement of a cereal centromere sequence with the rice
centromere composed of multiple commonrepetitive sequences.
In this context, construction
of a rice artificial
chromosome is one of challenging
trials for introducing
huge size genetic
material as a mini-chromosome to different
species across genus. The events which would
occurr both in the nucleus and in the transgenic plants possessing
artificial
chromosomes of
different species or genus should also present useful information about interactions
between
chromosomes of different species and so indicate something about differentiation
of species.
Meanwhile, rice or cereal artificial
chromosomes might become a well organized tool for
introducing
hopeful chromosome segments to other cereal species to generate novel type
Gramineae species.
Identification
of Centromere Repetitive Sequences
Wefirst searched for centromere specific
repetitive
sequence in rice by screening
CENP-B (centromere protein B) binding consensus sequence with PCR amplification
of the
genomic sequences.
This consensus sequence of CENP-B box had already identified
to be
included in the CCS 1 (cereal centromere specific)
family sequences isolated from several cereal
plants (Aragon-alcaide
et cd. 1996).
We isolated another new short sequence and revealed that
the short sequence was a part of the longer 1.9kb repeat unit of centromere specific location in
rice (Nonomura and Kurata, 1999)
The 1.9kb repeat unit, RCE1, was estimated to be present
in several hundreds to one thousand copies in the rice genome. The 14kb centromere
genomic clone having a couple of copies of RCE1 was isolated and sequenced.
Structure of
this clone is summarized in Fig. 1 and showed several characteristic
features, such as high AT
content sequences, some of them were indicative
for MAR/ARS-Or functions, and other
centromere repetitive
sequences. Three RCE1 copies located on the 14kb fragment were
present several kbs apart from each others.
At the same time, Dong et aL (1998) reported other several centromere specific repetitive
short sequences in rice.
Most of them were sequences commonly located on the multiple
cereal centromeres and one 170bp short tandem repeat was specific to the rice centromere but
not detected in other cereals.
In addition,
we have recently identified
other repetitive
unit of
Ty3-gypsy
type RT (riverse
transcriptase)
of RIRE3 which was also clustered
in the
centromeric region in rice. We further planned to investigate
wide-range structure of rice
centromeres and screened genomic YAC clones using RCE1 and RCS2 repeat units.
Several
rice YACs which carry both RCE1 and RCS2 repeat sequences were isolated.
One of them
revealed to have been already landed on a candidate centromere region of the chromosome 5.
So we targeted on the centromere of chromosome 5 to analyse its structure in detail

Fig. 1. The 14kb centromere sequence with multiple repetitive
units specific for centromeres.
The upper row shows a restriction
map showing the positions
of several characteristic
motifs.
The large diamonds indicate
Topo-II
boxes (GINa/tAt/cATTNATNNg/a);
the small
diamonds
indicate core sequences of the Topo-II box consensus (AtA^/CATT);
the squres
mark A boxes (AATAAAT/CAAA)5 circles T boxes (TTa/tTT/aTTt/aTT)?
and stars T boxes
(TTA/ITT/ATTT/ATT),
and starsBUR sequences (AATATATT or AATATT). The AT content
was calculated as the average for each 20-bp window.
The arrows in the plot indicate regions
with more than 90% A/T content.
Centromere Structure of the Rice Chromosome 5
On the centoromere region of chromosome 55 we reconstructed
YAC and BAC contigs and
analysed in detail for the distribution
of repetitive
sequences and in the centromere characters
genetically
and physically.
Fig.2 shows a summary of the centromere structure
and
characterization
of the rice chromosome 5. The single locus at 53.7 cM possessed a large

Fig.2.

Genetic

and physical

structure

of the centromere region of chromosome 5.
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number of DNA markers and occupied more than 2.3 Mb. This locus is included
in the
candidate CEN region restricted
cytologically
and the locus scattered with over twelve DNA
markers could not divided into smaller genetic segments by recombination
even using near 500
F2 segregants.
This means high suppression
of genetic recombination
along the region of
more than 2.3 Mb. Three YAC contigs (BAG clones were also arranged but are not shown
here) spanning this region revealed to carry multiple
repetitive
sequences characteristic
to
centromeres.
Physical
maps using YAC and BAG contigs were searched for the distribution
of repetitive
sequences of RCE13 RCS2 and other repetitive
unit ofRIRE 3. Fig. 3 shows a
part of distribution
of the repetitive
sequences in this region.
RCS2 tandem repeats located as
two or three blocks of several to scores Kb length and RCE1 repeats of more than ten copies
were distributed
near RCS2 with decreasing
number depending on the distance from RCS2
blocks. Many copies of RIRE3 repeats were also detected in this region.

Fig. 3. Physical
map of a part of CEN5 distributed
with centromere
sequences.
All results
obtained here suggested
the region around RCS2 repeat
probable candidate of structural and functional core of the rice centromere 53
chose the YAC or BAG clone located on this region and possessed both
sequences to construct rice arfificial chromosome (RAC).

specific

repetitive

blocks was most
CEN5. Then we
RCE1 and RCS2

Construction of RACs: Rice Artificial Chromosomes
Artificial
chromosomes need to be composed of several elements; centromere, telomere,
replication
origins and other unknown factors for stable maintenance In the cell nucleus.
We
have already cloned centromere and telomere sequences but not replication
origin (On).
However a large size genomic DNA fragment of centromere region should contain Its own Ori,
so no additional
Ori would be needed.
As shown in Fig. 4, a left arm and a right arm
carrying selection markers necessary for the selection both In yeast and rice cells and telomeres
are now trying to replace arms of the centromere YAC clone (360 Kb) by homologous
recombination
in yeast cells (retrofitting
method).
Another trial to use a shorter centromere
sequence of BAC clones also being carried out. Once the construction
of RACs would be
done, introduction
of huge size Intact RACs Into rice cells and regeneration
of those cells will
be challenged by employing as many as possible methods.
What Is a minimum functional
unit/factor
for artificial
chromosome?
Which region is
essential
for mitotic or meiotlc function
of the centromere ? How does the chromosome
organize Its own behaviour in the nucleus especially
In the different
species,
genomes or
genus?
We expect to have a fundamental knowledge about the mechanisms of chromosome
behaviour
together
with to generate
novel methodology
using artificial
chromosome
intruduction
into far-related
species.

Fig. 4. Construction
of a rice artificial
chromosome by retrofitting
the centromere
with RAC left and right arms. Armvectors were orglnated from Adam et al. 1997.

YAC clone

Acknowledgements:
This work was supported by the Grant 0946006 for Scientific
Research,
from the Ministry
of Education,
Science and Culture of Japan, and by the Program for
Promotion of Basic Research Activities for Innovative Biosciences.
We thank Drs. Gehard
Adam and Hisako Ohtsubo for providing
us retrofitting
vectors and RIRE DNAs and also
thank Rice Genome Research Program, NIAR and Clemson University
Genome Projects for
providing us YAC and BAC clones and informations,
respectively.

References :
Adam G? Mullen J A, Kindle K L. 1997.
Retrofitting
YACs for direct DNA transfer into
plant cells. Plant Journal ll:1349-1358.
Aragon-Alcaide
L. , Miller T, Schwarzacher T, Reader S, Moore G. 1996. Acereal centromeric
sequence.
Chromosoma 105:261-268.
Dong F5 Miller J. T, Jackson S. A, Wang G. L, Ronald P. C, Jiang J. 1998.
Rice (Oryza
sativa) centromeric regions consist of complex DNA Proc. Natl. Acad. Sci. USA 95:81358140.
Nonomura K and Kurata N. 1999. Organization
of the 1.9-kb repeat unit RCE1 In the
centromeric regin of rice chromosomes.
Mol Gen Genet. 261:1-10.

34

DNA MARKER-BASED ESTIMATES OF COANCESTRY
PARENTAL CONTRIBUTIONS
IN RICE
Dindo
1

A. Tabanao1,

,4

Philippine
2 University
3 University

Azucena L. Carpena2,

Rex N. Bernardo3,

Leocadio

AND
S. Sebastian4

Rice Research Institute,
Munoz, Nueva Ecija, Philippines
of the Philippines
Los Banos, College, Laguna, Philippines
of Minnesota, St. Paul, MN

Keywords: coancestry,

microsatellites,

genetic

relationships,

molecular

markers

The coefficient
of coancestry was calculated
using DNA marker data in order to circumvent
the limitations
associated
with the pedigree-based
(fy) approach.
Microsatellite
marker
analysis of eight modern rice varieties and their 25 progenitors
generated a total of 559 alleles
from 119 loci. Marker estimates
(jfy) were computed for all 528 pairwise
genotype
combinations
using a tabular method. The mean values offy and jfy were 0.0649 and 0.0452,
respectively,
jfy correlated highly significantly
(r = 0.74) with/y, and it deviated > 0.10 from
fy in only 44 (8.3%)
genotype pairs. Also, the jfy dendrogram agreed closely to the fy
dendrogram (r* = 0.65). jfy was, in fact, more suitable (r* = 0.89) than fy (r* = 0.78) to
cluster analysis. Comparison of the estimates of parental contribution
(k) revealed slight to
drastic differences
between Mendelian expectations
and marker-based values. The differences
between pedigree and marker estimates of coancestry and parental contributions
are due to
random drift and human selection during inbred line development.
The close agreement and
highly
significant
correlation
of jfy to fy indicate
its validity
as a measure of genetic
relatedness,
while its immunity to assumptions of the pedigree method and appropriateness
to
mathematical
classification
imply its superiority.

INTRODUCTION
Measures of genetic relatedness
are very important in plant breeding-related
activities
and are necessary in applications
involving
varietal
identification,
intellectual
property
protection,
and utility
patenting.
The development of molecular markers has enabled plant
breeders to determine the genetic relationships
among plant germplasm at the level of the
DNA itself. DNA-based markers have the advantage of being virtually
unlimited
in number
and independent of environmental
effects. The question then would be which similarity
index
is more accurate and meaningful to use.
The coefficient
of coancestry (/) is the most widely-used
and accepted measure of
genetic
reiatedness
in plant breeding.
However, its total dependence
on the parentage
information
of the germplasms under comparison limits its use and accuracy in terms of nonsatisfaction
of assumptions,
such as equal parental genomic contributions
and homozygosity
of parental lines.
1 Plant Breeding and Biotechnology
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Philippine
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Maligaya,
Munoz 3 1 19, Nueva
Ecija, Philippines
2 Department of Agronomy, University
of the Philippines
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The use of simple sequence repeats (SSRs), also known as microsatellites,
are gaining
wide acceptance in the analysis of genetic relationships
because of their ability to detect large
numbers of discrete
alleles
repeatedly,
accurately,
and efficiently.
The genetic profiles
produced by SSRs can be used in conjunction
with pedigree and performance data to
document ownership and protect intellectual
property rights.
In DNA profiles, the proportion of alleles that are common between two genotypes is
known as marker similarity
(S). Lynch (1988)
elucidated
the expected value of S as a function
of/and the conditional
probability
that marker alleles are alike in state (ais) given that they
are are not ibd (9). Given this theory, Bernardo (1993) proposed estimating
the coefficient
of
coancestry by using DNA marker data based on the fact that DNA marker data are a direct
sampling of the genome itself, and that/is
the probability
that two alleles at the same locus
are identical
by descent (ibd). This marker-based approach would circumvent the limitations
associated with the classic pedigree-based
approach. This study was conducted (1) to compute
the coefficient
of coancestry of selected rice germplasm using microsatellite
DNA marker
data and (2) to assess the validity
of the marker-based estimate relative to the pedigree-based
method.

MATERIALS AND METHODS
The study made use of 8 Philippine-released
rice varieties
and their 25 initial,
intermediate
and immediate parents. These were grown for DNA sampling using a CTAB
procedure. A total of 118 SSR primer pairs were used to survey the microsatellite
polymorphism
of the sample materials, following
the concentrations
of PCR components and
temperature profile recommended by Research Genetics (Huntsville,
AL). PCR products were
partitioned
in 4% polyacrylamide
gels. Silver staining followed the protocol provided by the
manufacturer (Promega Corp., Madison, WI). Allelic
bands were denoted, from the fastest to
the slowest migrating fragments, by letters a, b, c, and so on.
The coefficients
of coancestry
was computed for all 528 pairwise
genotype
combinations,
according to a procedure based on a tabular analysis developed by Emik and
Terrill (1949).
The inbreds were first sorted from oldest to newest, so that an inbred was listed
before any of its progeny. Starting
from the oldest inbred, the coefficient
of coancestry
between / andy was calculated as
fij = hfaj+

Xffbp 0 <fij,

Xa, Xb < 1

where faj was the coefficient
of coancestry between a and y; fy was the coefficient
of
coancestry between b andy; and, Xa and Xb are the marker-based parental contributions
of a
and b, respectively,
to /. A Fortran-based computer algorithm (Bernardo
et al.9 2000) was
employed for this procedure.
For the pedigree-based
estimates, the parental contributions
(Xa and Xb) were taken from
expected Mendelian values (e.g., 0.50 for an F2-derived inbred and either parent). For the
marker-based estimates, the parental contributions
were calculated as Xa = (Sat - &&&)/[(1
Sab)2] and Xt = (Sbt - SaiSab)/[(l
- Sab)2], where S is the proportion
of marker variants shared
between the genotypes in subscripts
to the total number of marker variants detected.
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A dendrogram was constructed from/y and x/*y using average linkage method. Then, the
two types of estimates were compared at the individual
values level, at the matrix level, and at
the dendrogram
level. To compare two matrices, the matrix correlation
coefficient
was
computed using SPSS 10.0 for Windows. To compare two classifications,
cophenetic
values
was generated from each of the two dendrograms and were then analyzed for correlation.
The goodness of fit of a tree matrix to the original
similarity
matrix was tested by
generating
a cophenetic matrix from the dendrogram and taking the cophenetic
correlation
coefficient
(/**) by comparing the similarity
and the cophenetic
matrices. Since the two
matrices are not independent,
the critical values ofr* given by Lapointe and Legendre (1992)
were used for tests of significance.

RESULTS AND DISCUSSION
One of the markers generated two amplifications,
resulting
to 1 19
number ofalleles
detected per locus ranged from 2-1 1, with an average
559 alleles.
The number of SSR loci per chromosome ranged from 5-21,
loci per chromosome. The average polymorphism
information content of

SSR loci in all. The
of4.7 and a total of
the average being 10
the SSRs was 0.59.

The mean values offy and x/*y, computed in all 528 pairwise
genotype combinations,
were 0.0649 and 0.0452, respectively,
xftj deviated by > 0.10 from/y in only 44 pairs (8.3%).
Taking agreements at the matrix level, the correlation
ofjfy with/y was highly significant
(r =
0.74,/?

< 0.01).

The deviations
of marker estimates from pedigree estimates
are due to directional
selection
and genetic drift which occur during inbred line development.
These processes
disrupt the actual proportion of loci at which two homozygous cultivars carry alleles that are
ibd (Cox et #/., 1985). Selection
is especially
intense in plant breeding programs, favoring
those alleles,
and consequently
other adjacent chromosomal segments, that are preferred by
the breeders, jfy has an advantage over/y in that it takes into account the effects of selection
and genetic drift by including
the genomic contributions
of the parents.
Results of mathematical
classification
revealed that the jfij dendrogram had a close
agreement to the/y
(r* = 0.65) dendrogram. Results also revealed that jfy (r* = 0.89) was
more suitable to cluster analysis than/y (r* = 0.78). This is an important implication
because
breeders usually classify
lines or varieties,
especially
when in large numbers, into groups
through some cluster analysis techniques
in order to depict a graphical
representation
of their
genetic interrelationships.
In terms of parental contributions
(X), the marker estimates revealed the effect of
directional
selection on the contributions
of parents to their progeny. Results showed that the
discrepancies
between pedigree and marker estimates ranged from 0.0045 to as much as
0.5878.
The pedigree-based
coefficient
of coancestry, on the other hand, uses Mendelian
expectations
of 0.50 for either parent of a biparental
cross and its derivative
and 0.75 for a
direct selection
from its landrace-an assumption that would somehow compromise its
accuracy. This is especially
the case in modern crops that have undergone intensive genetic
improvement over the years.
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The highly significant
correlation
of jfy tofy indicate its validity
as measures of genetic
relatedness,
while its immunity to assumptions of the pedigree method and appropriateness
to
mathematical classification
imply its superiority
over the pedigree-based
method.
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Introducti

on

Several tillering
mutants including
three few tiller mutants (rcn(reduced
culm number)7,
rcn2 and rcn5) induced by gamma-ray irradiation
or EMS had been found, rcn mutants had
only 1-2 tillers, but under high temperature, they almost restored normal phenotype. Each rcn
mutant is controlled by a single recessive gene. Classical genetic mapping results showed that
rcnl and rcn5 located on chromosome 6 and rcn2 located on chromosome 4. In 1990, we
found a new natural single tiller mutant from variety H89025 in Hainan Province, China. This
mutant was stable in different conditions.
Molecular markers such as RFLP, RAPD, STS, SSR etc. have been widely used in gene
mapping of rice recently. Genes controlled many important traits had been located on rice
linkage map. In present paper, the single tiller mutant was used as material to demonstrate the
genetic and physiological
mechanism of single tiller. Genetic analysis of single tiller mutant
was undertaken, single tiller gene (sitl) was mapped by using SSR, STS, CAPS, and RFLP
markers, the content of hormones was analyzed. Breeding improvement was on the way.
Materials

and Methods

Characteristics
of the sitl
Single tiller mutant, sitl and H89025 were planted in paddy in CNRRI. Each was planted 5
lines, 6 plants per line, with the density of 18x20cm (except in "plant density" test). Twelve
plants in the middle were selected. The tiller development process of sitl and H89025 was
investigated
every 15d after they were transplanted.
The agronomic traits were also
investigated.
Influence of environment factors on the tiller number of sit 1
1. Influence of sowing time
sitl and H89025 were sowed 5 times with an interval of one month, from 1, April to 1,
August.
2. Influence of nitrogen fertilizer
Three levels of nitrogen fertilizer
(150, 300, and 450 kg/ha respectively)
were designed in
three concrete grooves.
3. Influence of plant density
Four planting densities (16x18,
18x18, 18x20, and 20x20cm, respectively)
were used.
Endogenesis hormone content investigation
Four grams of leaf from plants in flourishing tillering period was used to investigate content
of IAA, CTK, GAs and ABA by ELISA method. Every investigation
repeated four times.
Genetic analysis
sit 1 was crossed with H89025, four japonica varieties Chunjiang
2, Chunjiang
129,
Taichung 65, and A-5, two wide compatible varieties, 02428 and Neiken 1, and three indica
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varieties, Zhong 156, Minghui 63, and Guangluai 4.
Gene mapping
F2 population
derived from sit 1/Minghui
63, including
74 recessive lines was used as
mapping population. Ninty SSR markers, which covered the whole rice genome were used for
initial
mapping. STS, CAPS, and RFLP markers were also used according to reported
protocol for further mapping.
Breeding improvement of sitl
sitl was used to select lines with single tiller, big panicle, big grain, and high seed-setting.
Because the seed setting of sitl was low, Minghui 63 and IR 64 were used for continue back
crossing.

Results
Characteristics
of sitl
The agronomic traits of sitl and its original parent H89025were showed in Table 1. There
was no significant difference between the two lines on plant height, panicle length and the
length of internodes. But there was difference in tiller number, for H89025, it was 13.3/plant,
whereas that was only 1.6/plant for sitl, and sitl had no flourishing tillering period, its tiller
number remained approximately 1.6. Although the pollen fertility of sitl was normal, the seed
setting was only 5.7%.
Table 1. The agronomic traits of sit 1 and its original

parent H89025.

Influence of environment factors on tiller number of sitl
In the range of safe temperature, the influence of sowing date to tiller number of sitl and
H89025 was not significant.
It was well know that nitrogen fertilizer
promoted tillering. Three levels of nitrogen (High,
Middle, and Low) were set according to local fertilizer
level. Tiller number of H89025 was
increased obviously with the increase of nitrogen, whereas the tiller number of sit 1 was
almost unchanged.
The tiller number of sitl was stable in different planting density, while for H89025, it was
slightly
increased in low plant density.
Hormonecontent analysis
There were no significantly
differences
in the contents of IAA, GAs, and ABA between sit
1 and H89025, but ZR content of sitl was 6.2 times higher than that of original
parent
H89025.
Genetic analysis
sitl was crossed with 10 varieties.
All Fi showed normal type. The segregation of single
tiller in all F2 populations
was shown in Table 2. The segregation ratios of these crosses
indicated a significant
deviation from 3 normal types to 1 single tiller type. It was indicated
that single tiller was controlled by single recessive gene.

Table 2. The segregation

of normal and single tiller

types in different

cross combinations.

Mapping of sitl gene
F2 population
derived from sitl/Minghui
63 was used for gene mapping. Forty-five
polymorphic
SSR markers and bulk segregation analysis were used for initial mapping. RM3
found on chromosome 6 was found to be linkage with sitl. The recombination frequency of
RM3 in F2 recessive population was 23.6%.
RM253 (SSR marker), G122 and G12 (STS marker) were selected for further study. The
recombination frequency of RM253 was 47.6%, indicated
that RM253 was not linked with
sitl. G12 was transferred
to CAPS marker, and the recombination
frequency was 12.2%.
G122 was a dominant marker that produced a band of 1.1 Kb in S and no amplified
production in M. There was only 1 line showed M type in 74 lines, and the recombination
frequency was ll.6%. According these results, it could be concluded that sitl was located
between RM3 and G12 on chromosome 6 (Fig.l).
RFLP markers between RM3 and G12, including S12715,
S1437, R2266B, R1559, R2549
and T6 were selected for further mapping, sitl was finally mapped between S1437 and R1559,
the distances of 1.5 cM and 2.8 cM, respectively.
S1437 and R1559 were in the same YAC
clone (Fig.2).

Fig 1. Initial
6.

mapping of sitl on chromosome

Fig 2. The molecular map of sitl on
chromosome 6.
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Breeding improvement
Seed setting of single tiller lines in BC4F1 segregation
population of sitl/Minghui
63 was
improved. The highest seed setting was about 40%. In the combination of sitl/IR 64, the seed
setting in BC4F1 segregation
population
was about 70%. Seed setting reached approximate
90% in some lines with 2-3 tillers.

Discussion
The ecological
characters of rice plant type including
plant height, the No. of tiller, and the
tiller angle influenced the ability of growth competition. Plant type improvement was one of
the most important factors to elevate the grain yield. In late 1950s, Chinese rice breeders
developed a number of wide adapted semi-dwarf varieties. In 1960s, IR8 was developed in
IRRI, and spread rapidly in Southeast Asian. These semi-dwarf rice varieties with sdl, which
were called as Green Revolution, elevated the grain yield greatly. Huang YX (1983) proposed
to select cluster, rapid growth type, which was clustering in vegetative phase and growing fast
in reproductive
phase. Many super high-yield
varieties, which was representative
of Teqing 2,
had been developed according to this proposal. Yang SR et al. (1992)
developed
a new
reduced tiller variety, Shennong 366, as a main parent of ideal plant type. IRRI began super
rice program in 1991. A new ideal plant type of reduced tiller number and large panicle was
developed. The grain yield would be increased 20-25%. China Super Rice Research Program
had also been started in China. It can be predicted that the new plant type varieties will be
applied in rice farming in several years.
The grain yield of maize, which also belongs to the Gramineae, is great larger than that of
rice. The evolution course of plant type of maize was multi-panicle,
weight panicle, and
single panicle. This suggested that it would be possible that rice plant with single tiller had
higher grain yield. Searching and studying single panicle germplasm may be one of the key
works to make a new breakthrough in rice yield in 21 century.
Our mutant sitl showed several differences
with the few tiller mutants reported to date.
First, sitl was not few tillers, but was lack of tillering
ability. Second, most of the few tiller
mutants were temperature sensitive, the tiller number would increase almost to normal type
when it was in high temperature, whereas sitl remained stable in different
temperature
conditions.
Third, few tiller mutants were produced by artificial
mutation (gamma ray and
EMS), sitl was from natural mutation, the economical traits of sitl was better than those of
few tiller mutants.
It was indicated
that sit 1 was a cytokinite-overproduction
mutant. Cytokinite
was very
important to tillering.
Generally, high cytokinite
content wass beneficial to tillering.
But our
results suggested that cytokinite
restrained tillering
when the content was too high.
Fine mapping was the base of marker assistant selection (MAS) and map-based cloning.
Some major genes for blast resistance had been fine mapped, and these results could be used
in MAS. Xa21 and Xal for bacteria blight resistance, Pib for blast resistance and dl for dwarf
had been cloned through map-based cloning method. In present study, sitl has been mapped
between S1437 and R1559 on chromosome 6. S1437 and R1559 were in the same YAC clone.
This result provided a powerful tool to clone this gene. The seed setting of single tiller was
increased greatly after breeding improvement. Now, weplan to make further crosses between
single tiller and big panicle lines to improve the panicle trait. This work is continuing.
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Introduction
Efficiency
of plant breeding or selecting
super genotype is depending upon the efficiency
of selection and the magnitude of genetic variation existing in the breeding population.
Thus the diversity
of genetic resources is vitally important for the future plant breeding.
Above all improving stress tolerance is impoetant for low input sustainable
agriculture.
Wehave collected baley germplasm from allover the world and evaluated their genetic
traits from view point of phylogeny
and plant breeding.
In this paper I will report the genetic variation and inheritance
of salt tolerance in barley.
Materials and methods
About 6,700 cultivars and 350 wild accessions of 15 Hordeum spesies were examined
for the salt tolerance at the germination and the seedling stage.
Doubled
haploid
(DH)
poputation
crossed
between Steptoe/Morex
(S/M)
and
Harrington/TR
306 (H/T), offered by North American Barley Genome Mapping Project were
examined for mapping QTL of salt tolerance.
Diallel
analysis
and parent-offspring
analysis
were conducted
for clarifing
the
inheritance
of the trait.
For evaluating
the salt tolerance at germination,
seeds were germinated at 25°C in 1.0,
1.5 and 2.0% NaCl solution for 10 days in Petri dishes. Then seedling growth or germination
speed was scored 1 (not germinated in 1.0% NaCl solution)
to 6 (well germinated in 2.0%
NaCl solution).
For evaluating salt tolerance at seedling stage, seeds were planted in seedling box, rised
to three-leaf
stage, then isrigeted
with 500m mol or 1,000m mol NaCl solution for three
weeks. Materials were scored 1 (susceptible)
to 5(tolerant).
Results
Salt tolerance at germination
Vavietal variation of 6,7 12 cultivars
for salt tolerance at germination
showed a normal
distribution
(Mano et al. 1996).
In general, six-rowed varieties
were more tolerant than two-rowed ones, naked types
were more tolerant than covered ones. Rondomly selected 268 varieties
were germinated in
salt and polyethyleneglycol
solutions.
Collelation
coefficient
between them was as high as
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0.789,

showing

the mechanism of salt stress at the germination

Most tolerant
selected.

varieties

were repeatedly

They were all six-rowed

varieties

them were covered. The most tolerant
Wild
stage

baley

accessions

evaluated

variety

to osmotic reaction.

and nine super tolerant

and from Japan,

were generally

is relating

varieties

were

Korea, China and Nepal.

could germinate

from sea water.

more suscsptible

than cultivars

Six of

at germination

(Mano and Takeda 1998).
Diallel

analysis

revealed

that salt

tolerance

at germination

is controlled

genetic factors (Mano and Takeda 1997-c). Parent-offspring
(F2/F3)
heritability
of the trait was around 0.5 (Mano and Takeda 1997-a).
In S/M DH population

a major QTL, explaining

centromere of 5H. And it was allelic
explaining
allelic

41% of variation,

correlation

47% of variation,

coefficient

was detected

to ABA response. In H/T DH population

was found on the terminal

by multiple
or

near the

a major QTL,

of the long arm of 5H. And it was also

to ABA response (Mano and Takeda 1997-b).

Salt tolerance

at seedling

stage

A total of 6,68 1 cultivars
Repeated selection detected

showed a normal distribution
eleven super tolerant varieties.

for salt tolerance at seedling stage.
All of them were six-rowed and

covered (Mano and Takeda 1995).
Correlation

coefficient

between

the salt

tolerance

at germination

and seedling

was

-0.061 (n=6,646),
showing the mechanism of tolerance is defferent at the stages.
Salt tolerance of wild accessions was generally higher than cultivars (Mano and Takeda
1998).
Dialel
factors

analysis

revealed

that salt

tolerance

at seedling

stage is controlled

by multiple

(Mano and Takeda 1997-c).

By triplicated
QTL analysis,
a stable QTL on chromosome 1H was detected in S/M
population
and one on chromosome 5H in H/T population
(Mano and Takeda 1997-b). They
were independent
Summary
Varietial
analysis

of QTL for salt tolerance

variation

revealed

that it is under

ditected on 5H.
Varietal variation
under the control
respectivel
Salt

of salt tolerance

at germination

the control

of salt tolerance

of quantitative

at germination.

at seedling

genes. A stable

shows a normal distribution.

of quantitative

genes.

Significant

Diallel
QTL was

stage shows also a normal distribution.
QTL was found on 1H (S/M)

It is

and 7H (H/T),

y.
tolerance

former is relating

at germination

is independent

to osmotic reaction.

The latter

of salt tolerance

at seedling

may relate to Sodium toxicity.

stage.

The
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Global problems and genomic answers
The subject of this meeting itself recognizes that we are at a turning point where the
information and technologies
derived from molecular biology and genomics can be
directed towards solving real problems in the development and improvement of crops.
Major international
concerns about the sustainability
of industrialized
agriculture have
cometo the fore, ranging from its impact on rural economies and ecosystems in the
most developed countries, through to effects on social structures in the poorest
countries. Genome technologies
are able to provide quantitative
measurements of the
ways that biodiversity
is being eroded by effects both of changes in agricultural
practices and of humankind's impact on the global climate. Genome technologies
as
applied to the development of new crop plants are versatile and can be directed to
alleviate problems in appropriate timescales. The power of genome technologies mean
that even global problems can be analysed on a local scale and research from
individuals
can be used to build towards global answers. In this talk, we will aim to
recognize the major opportunities
for genome technologies
to solve global problems,
while showing examples of our detailed analyses of a few specialized
situations
that
contribute to answering these problems.

The structure

of the plant genome

The contribution
of genes to biodiversity
has been widely considered, but genes and
associated low-copy DNA sequences make up a small fraction of most plant genomes.
Repetitive sequences, ranging from microsatellites
or simple sequence repeats of motifs
one to four base pair long, to repeat units longer than 10,000 bp, represent the majority
of most genomes, and each motif may be repeated hundreds or thousands of times in
the genome (Schmidt and Heslop-Harrison,
1998; Heslop-Harrison,
2000). Repetitive
sequences include retrotransposons
and retroelements, genes such as the 5S or 45S
rDNA complexes and intergenic spacers, and tandemly repeated elements that fold
around nucleosomes. Repetitive DNA, the focus of our research, in the genome is
important for evolutionary,
genetic, taxonomic and applied studies and it provides
polymorphic
markers. Some repetitive DNA sequences are highly conserved among
eukaryotes and prokaryotes, and are even recognizable as remnants of the RNA-based
world that preceded the origin of DNA. Other sequences, such as some tandem repeats,
differ between even closely related species, where the genes show little greater
variation than is found among alleles within a species. Our work focuses on the nature,
diversity
and evolution of the major repetitive
sequences in the genome, and their
physical and functional relationships.
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Biodiversity

and plant phylogenetics

Biodiversity
can describe both the range of species within an ecosystem and the range
of genes present within a species. Both forms of biodiversity
are available to breeders
of crops, but we need to define the extent and nature of the diversity as well as the
strategies
to utilize
it in crop plant improvement. Contrasting
requirements
and
possibilities
are present in different species, depending on their relationships
with other
wild and cultivated species, the amount of selection already carried out by humans, and
the requirements from the crop. Understanding
the biodiversity
at the species level is
assisted by knowledge of the basis of evolution of species at the genome level. A strong
basis in phylogeny - natural taxonomy - is valuable to determine how diversity can be
assessed and used. Methods of molecular systematics are giving new insight into the
relationships
and evolution of the whole plant kingdom, aspects of which are
unexpected from morphological
examination alone.
Retrotransposons
are nuclear DNA sequences that encode enzymes for their
own amplification,
through an RNA intermediate,
and for their reinsertion
in the
genome. Different classes, including
LINEs, copia and gypsy element classes, and
pararetroviral-like
sequences are present in all plant groups examined. Our evidence
indicates that all retrotransposon
classes were present at the base of the phylogeny of
plants, although parts of their sequences were already distinct from those present in
other kingdoms (Friesen et al 2000). Gymnosperms represent an important and ancient
group of species, still dominant in many ecosystems around the world and of high
economic value for timber and pulpwood. The species present in Northern and
Southern hemispheres are different, and the relationships
between different groups are
not entirely clear. Multi-colour fluorescent microarray hybridization
potentially
has
major applications
in studying the evolution of DNA sequences in genomes, whether in
the short times associated with disease syndromes or plant breeding, over the many
generations associated with generation of biodiversity,
or in the time-scales associated
with species evolution. I will present results showing the diversity of retroelements in
different
gymnosperm species,
analysed
by both membrane and microarray
hybridization,
which suggest the relationships
between the major gymnosperm groups
and emphasize the diversity present early in plant evolution. The analysis of diversity
and evolution of ubiquitous retroelement sequences and families has been particularly
valuable within the gymnosperm species where relationships
are unclear, partly
because of the huge genome size (eight times larger than human). The screening
capacity of microarrays means that the structure of families of different
repeated
elements, including
their abundance and detailed
sequence, can be assayed in a
comparative and massively parallel
manner. Thus even small differences
between
organisms can be detected in sequences that are parts of the most rapidly evolving
genomic structures,
where gene sequences will remain closely similar.
Major
advantages of fluorescent microarray hybridizations
include the scale and number of
clones that can be analysed, the ability to hybridize three to five probes simultaneously,
the control available over hybridization
stringency,
and finally the quantitative
data
about both relative and absolute hybridization
strengths.

Biodiversity

at the species level

Knowledge of phylogeny and relationships
enables the definition of species groups.
Within such groups of crop plants, it is valuable to have a picture of the diversity
present in the group of species that constitute a gene-pool than can be accessed by
sexual crossing. We will show examples using total genomic DNA as a probe to
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differentiate
genomes in species which are readily hybridised, and where breeders are
keen to transfer chromosome segments into new plant breeding lines.
Individual
repetitive
DNA sequences motifs can be used to examine the
genomic diversity within a group of related species. In wild Hordeum taxa representing
the four basic genomes of the genus, Southern and fluorescent in situ hybridization
was
used to examine genomic relationships
and diversity of rDNA and two repetitive DNA
sequences (Taketa et al 2000). One sequence showed between 30 and 60 hybridization
sites on chromosomes of all diploid species studied, but hybridization
patterns differed
among the species. A second, less abundant sequence, enabled conclusions about
relationships
between and within the cultivated barley group and the wild Hordeum
species. The presence of a sequence in a tetraploid
cytotype of H. murinum but its
absence in the diploid
cytotype
suggested that the tetraploid
was not a simple
autotetraploid
of the diploid,
but had additional
biodiversity
perhaps influencing
its
success as an ephemeral, colonizing species. Data about the inter- and intra-specific
variation
of repetitive
DNA sequences gives information
about both the
interrelationships
of the species and the evolution of the repetitive sequences.
Diversity
within species is widely used in conventional
plant breeding
programmes, with the aim of bringing together optimum combinations of genes from
different varieties or occasionally different species. We have used repetitive sequences
as markers for evolution in breeding lines to look at the organization of major repetitive
DNA sequence classes in seven related wheat lines involving the introduction
of genes
for resistance to eyespot, from the wild, tetraploid
wheat Aegilops ventricosa (Bardsley
et al 1999) into bread wheat. Within the pedigree, very high levels of polymorphism
were found in the distribution
patterns of two different repetitive
sequences, with
individual
arms showing up to five different variants. Given the relatively low level of
variation between breeding lines found for most RFLP probes, this was unexpected, but
the results allowed the parent-of-origin of individual
chromosome arm segments to be
determined in many of the varieties. Further comparison of pairs of varieties revealed
that the number of arms sharing distribution
patterns for one repetitive
sequence
showed a close correlation with the relationship
of the varieties. No relationship
between shared repetitive
sequence distribution
and coefficient
of parentage was
evident using the other sequence as probe. These results firstly show that the repeat
sequences are useful to track chromosomes through a breeding programme, and
secondly that different
repetitive
sequences show contrasting
rates of evolution.
Although both sequences were useful markers to help identify the parent of origin of a
chromosome arm in a particular hybrid-derived line, one showed more rapid evolution
and hence not the level of heritability
of the other.
A remarkable source of biodiversity
is in landraces. A Portuguese landrace of
wheat, Barbela, shows impressively
wide adaptation
to different
environments,
producing worthwhile crops in low fertility conditions, often associated with acid soils.
In the 1930s, Barbela was the most cultivated
wheat in Portugal showing winter
hardiness in the northern inner region and drought tolerance in the semi-arid and hot
regions of the south (Ribiero-Carvalho
et al. 1996). We will discuss work showing the
levels of diversity
present within this landrace using polymorphic
microsatellite
markers. Market requirements for uniformity mean that diverse landraces are under
threat in many regions, and genomic technologies
are proving valuable to assess the
variation present in these lines, to find markers for following
specific traits and
characters and to identify what must be targeted for conservation.
We see exciting developments in using microarrays to screen biodiversity
present in germplasm banks. The reciprocal nature of microarrays is a major advantage:
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one marker (the probe) can be scored on DNA from thousands of accessions (the target
on the array), or, in the alternative experiment, thousands of markers (now the target on
the array) scored with DNA from a single accession (potentially
a new accession in a
genebank).

Utilizing

biodiversity

There are multiple ways that biodiversity
can be used in plant breeding today. Longdistance transfer of characterized
genes is a reality through transformation technology,
but the genes and their functions must still be identified,
often in germplasm distant
from a crop, and considerable
technology is often required to identify
key loci for
disease resistance,
stress tolerances or quality factors. Other technologies,
including
induced mutations, have potential to generate new diversity,
particularly
to correct
specific
varietal weaknesses. It can be suggested that there is a need to increase the
diversity of species that are used as crops - in most of the world the trend has been to
increasing
reliance on smaller numbers of species, and these are more and more
selected from a narrow and uniform germplasm base. However, crops with limited
markets are often high-value and cash-generating
to farmers. Knowledge of the crops
and their relatives,
combined with assistance
given by breeders using advanced
technologies
can have rapid results in increasing the productivity
of such crops and
correcting
minor agronomic weaknesses. A final challenge
for breeders is the
understanding,
manipulation
and utilization
of the genomic responses of plants to a
changing and apparently more variable climate in many of the most productive crop
areas.
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Introd uction
Driven by modern agricultural
practices and continuous genetic improvements grain yield of
barley has almost tripled within the past century and continues to reach new heights. Targeted
breeding has led to the development of cultivars tailored for diverse environments on all
continents and for different purposes such as feed an brewing. With the increasing yield, the
genetic variability
present on barley fields gradually
decreased, since landraces and local
varieties were replaced by cultivars, which usually consist of a single genotype. Extrapolated
from data available for the production of certified
seeds, 83% of the total German winter
barley acreage of 1.4 million ha are planted to only 15 and 92% of the spring barley acreage
(0.8 mio ha) are planted to ll cultivars
only. Even worse, the analysis of both pedigrees and
molecular data shows that many, if not most, of these cultivars share related pedigrees, thus
further reducing the effective population
size. Evidently,
the genetic uniformity
of todays
barley fields is in contrast to the wealth of genetic resources of barley maintained in ex situ
collections
amounting to more than 370,000 accessions worldwide. Based on case studies
regarding resistance to various fungal and viral pathogens, the present paper will highlight
some of the activities
in various fields of genome analysis which have been initiated
to
promote the deployment of genetic resources of barley in practical breeding programs.
Resistance Breeding
Breeding for disease resistance consists of two steps - the identification
of a resistance donor
and the transfer of the corresponding
gene(s) into a breeding line. For a long period of time,
the development of resistant germplasm was dependent on singularities
such as the repeated
occurrence of a disease in consecutive years and the availability
of resistant germplasm. The
latter might have been present in landrace populations or happened to be present in an exotic
germplasm accession obtained by expeditions
into the centers of diversity,
as they were
performed since the early 1920ies (Vavilov
1997). Later, systematic activities
have been
initiated
to evaluate germplasm collections
for the presence of resistance genes to various
fungal and viral pathogens (e.g., Proeseler et al. 1999).
The availability
of a comprehensive set of mapped markers of barley and other related grass
species (http://wheat.pw.usda.
gov/ggpages/maps.html)
has greatly promoted the investigation
of the genetic basis of resistance to a range of fungal and viral pathogens. Thus, the genetic
localization
of a gene of interest, which forms the prerequisite
for its systematic manipulation
in the breeding process, can now be achieved with unprecedented precision.
In addition,
selectable
markers have been developed that allow a reliable selection for genes that would be
difficult
to score by conventional means.
Molecular Mapping and Marker Development
Historically,
the first phase of molecular mapping of disease resistance was mainly aiming to
prove the principle,
i.e. to show that any gene can be accurately localized
and that tightly
linked molecular markers can be identified
(for review see Graner et al. 2000a).
Recent
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mapping activities
have a strong focus on agronomically
important pathogens and the
identification
and mapping of those resistance genes that protect the plant against a broad
range of pathotypes.
This is obviously
a time consuming, multistep process ranging from the
identification
of appropriate
resistance donors to the development of a selectable marker. It
requires a close collaboration
between barley breeders, phytopathologists,
and geneticists.
In this context major emphasis has been put on the identification
of major genes conferring
resistance to the leaf rust pathogen Puccinia hordei. In addition
to the race specific genes
Rph2, Rphl2, and Rph9 (Borovkova et al. 1997, 1998), selectable
markers were recently
developed for the genes Rph7 and rphl6 (Ivandic et al. 1998, Graner et al. 2000b). To date,
no P. hordei pathotypes have been observed in Europe that have overcome the latter two
genes. Therefore, their combination
in.one genotype might represent an efficient
way to
increase the shelf live of its resistance. To this end, codominant PCR-markers were developed
for both Rph7 and rph!6, now permitting a marker assisted combination without any progeny
testing.
Similar to Erysiphe graminis (powdery mildew) P. hordei represents an example,
where the genepool of cultivated
barley is largely depleted of useful resistance genes and
research activities
have to focus on the identification
of novel alleles from wild barley
Hordeum spontaneum as is the case the with rphl6. In this context, the availability
of
selectable
markers forms a prerequisite
for the rapid introgression
of the corresponding
genes
into adapted barley germplasm.
Barley yellow mosaic (BaYMV) and barley mild mosaic virus (BaMMV) are soil-borne
pathogens. Both are transmitted
to the roots of winter barley seedlings by the fungal vector
Polymyxa graminis. However, in contrast to the fungal pathogens mentioned above, a series
of resistant
accessions could be identified
in the gene pool of cultivated
barley (Ordon &
Friedt 1993). Genetic analysis and molecular mapping has led to the localization
of a series of
resistance genes on chromosomes 1H (Graner et al. 1999a),
3H (Graner & Bauer 1993,
Graner et al. 1999b, Iida & Konishi 1994 ), 4H (Bauer et al. 1997) and 7H (Saeki et al. 1999).
Resistance of European cultivars is mainly based on the rym4 locus in the telomeric portion of
chromosome 3HL conferring immunity to BaMMV and BaYMV. The practical value of the
rym4 locus is restricted by the fact that this locus does not encode resistance to a second, more
virulent strain of BaYMV, termed BaYMV-2. On the other hand, the ryrn5 locus, which maps
in the same marker interval as rym4 (Graner et al. 1999b),
confers resistance to all strains of
the BaMMV/BaYMV complex, including BaYMV-2. Hence, this locus is increasingly
introgressed to replace rym4. A second locus conferring resistance to all European strains of the
virus complex was recently detected on chromosome 4H where it turned out to be allelic to
the already described rymll locus. Its introgression
into elite germplasm will represent an
alternative to rym5.
Tests for allelism revealed, that rym4 and rym5 carry identical genes with respect to resistance
to BaMMV. Moreover, no recombinants with altered resistance specificities
were detected in
more than 1000 F2 derived progeny lines from crosses between each of the two resistance
donors with a susceptible
parent. This leaves open the question of the molecular structure of
the rym4/rym5 resistance locus, whose different specificities
could be due to either a set of
closely linked genes or multiple allelism (Graner et al. 1999a).
In addition to immunity, partial resistance to BaMMV has been observed. Here, the presence
of the recessive resistance gene leads to a prolonged latent period. Genes conferring partial
resistance
have been mapped to the centromeric region of chromosome 1H and to
chromosome 4HL (Bauer et al. 1997, Graner et al. 1999a).
It is presently
unclear, whether
partial resistance may represent just a "leaky" version of an immunity type of allele, or if it is
based on a different mechanism such as an impaired translocation of virus particles
from the
root into the upper parts of the plant.
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Map Based Gene Isolation
As reported above, the genetic analysis of the rym4/rym5 locus provided evidence of its
complex nature. However, due to the finite resolution
of genetic experiments, nothing is
known about the physical
structure of the locus and the structure of the corresponding
gene(s).
To facilitate
a map based isolation
of the rymAlrymS locus, high resolution
maps
were constructed and additional
markers are being developed for the target interval. First
estimates
give a genetic vs. physical
distance ratio of about 1-2 Mb/cM, which roughly
corresponds to the estimate of Kuenzel et al. (2000) for this chromosomal region.
Evidently,
the map based isolation
of a gene in barley requires considerable
efforts and
attempts have been undertaken to use the small rice genome as a platform to identify the rice
homologue of a gene before getting back to barley. While such a homology based cloning
approach has worked well for the isolation
of the Rht-1 dwarfing gene in wheat (Peng et al.
1999), the approach has failed so far regarding the isolation
of a disease resistance gene in
barley. In spite of a highly conserved synteny between barley and rice in the chromosomal
region harbouring
the barley Rpg-l resistance
gene, sequence analysis of a rice BAC
containing markers flanking Rpg-l did not lead to the detection of the rice homologue (Han et
al. 1999). This failure might be the result of a rapid evolution and genomic reorganization
of
disease resistance genes (Leister et al. 1998). In order to test this hypothesis,
more data are
needed regarding
comparative
mapping
of resistance
genes in barley
and rice.
Notwithstanding
these limitations,
the vast amount of resources available for the rice genome
(including
the complete sequence that is expected to be available soon) will be exploited in
the future to gain more rapid access to the genes in the complex Triticeae genomes.
Systematic Approaches to Gene Isolation
Technical progress regarding DNA sequence analysis has prompted the establishment
of a
comprehensive collection
of partially
sequenced cDNAs commonly termed ESTs (expressed
sequence tags). Despite the presence of regions that are enriched in genes, the large size of
cereal genomes, presently prohibits the establishment
of a genomic sequencing effort. Hence
ESTs provide an economic alternative to identify a significant
portion of the genes present in
barley. Recently, an EST sequencing effort has been initiated
analyzing
three different
libraries (caryopses, etiolated
leaves, roots). At present some 13,000 sequences have been
generated from 7,500 CDNA clones, which represent about 4,200 tentative genes. Sequence
data and BLAST-X results are available from a web server via the homepage of the IPK
(http://www.ipk-gatersleben.de/).
The availability
of comprehensive EST collections
will
facilitate
the transfer of genetic information to and from related species such as rice and corn.
These approaches are based on marker synteny in selected chromosomal areas. Using an
interspecific
approach for the development of a high density map of the Rh/Pt resistance locus
on barley chromosome 3H (Graner et al. 1996; Graner & Tekauz 1996) an efficient marker
saturation of the target interval in barley was achieved by the implementation
of an in silico
approach that exploits sequence homology between barley and rice ESTs. Thus, the target
interval in rice and barley could be downsized to about one centiMorgan and a 400 kb BACcontig in rice was established.
Conclusions
Since most major resistance genes act in a race specific way and
there is a permanent demand for the identification
of novel
pathogens including leaf rust and mildew the gene pool of cultivated
of useful resistance genes and increasing efforts are required
characterization
of any additional
gene. Fortunately,
wild barley
recently H. bulbosum, have proven to represent rich sources of

will be overcome by time,
genes/alleles.
For several
barley is largely depleted
for the identification
and
H. spontaneum, and more
resistances to almost any
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pathogen thus attracting much attention in evaluation programmes. The systematic use of the
latter will critically
depend on further improvements regarding the generation of fertile
hybrids and the availability
of data regarding
the recombination
of its chromosomes with
those of H. vulgare.
Prior to mapping and breeding,
resistance
genes have to be identified
in germplasm
collections
like needles in a haystack. Hence, the evaluation of genetic resources presently
forms the rate limiting
step in terms of the identification
of novel resistance genes. In the
future, the isolation of an increasing number of resistance genes may lead to the development
of diagnostic
markers that can be used for a rapid differentiation
of alleles in germplasm
collections
thus increasing the throughput by avoiding lengthy tests for allelism. In the long
run, the development of disease resistant barley germplasm is expected to benefit from the
gain in knowledge that will result from the structural and functional analysis of resistance
genes. However, map based gene isolation,
in particular,
when it requires a chromosome
walking step, is a slow process that presently requires extensive resources. The ability to
integrate the resources and the wealth of genomic information available from related species
like rice and corn will facilitate
the development of less expensive approaches for gene
isolation.
In this context barley ESTs, apart from being a resource in itself, will act as the
vehicles
required to import and make use of the genomic information from other plant
species.
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Introduction
HordeumL. belongs to the tribe Triticeae, which includes a number of important cereal crops
such as wheat {Triticum spp.), rye (Secale cereale) and barley (Hordeum vulgare). The genus
Hordeum comprises 32 species, 45 taxa, including diploid, tetraploid
and hexaploid with a basic
chromosome number of x=7 (Bothmer et al. 1995). Based on the entire study of meiotic pairing,
Bothmer and his co-workers recognized four genomes in Hordeum and they were designated I
(if. vulgare and H. bulbosum), Xu (H. murinum), Xa (H. marinum) and H (all the other
Hordeumspecies). The differentiation
of the four genomes has been supported by cytological,
biochemical
and molecular marker analyses (reviewed by Bothmer et al. 1995).
H. vulgare includes ssp. vulgare, the cultivars and landraces, and ssp. spontaneum, the
wild progenitor of cultivated barley. H bulbosum has a good crossablity
with the cultivated
barley and, even though its chromosomes are mostly eliminated in the young hybrid embryos, its
chromosomes can be substituted and chromosomal segments can be integrated into barley
genome (Pickering
2000), thus H bulbosum forms the secondary gene pool for barley. All
other species belong to the tertiary genepool. Hordeum is a good case study for evolutionary
patterns within genus including diploids and polyploids.
Study of diversity between and within
species would be significant,
particularly,
for the origin of cultivated barley. Recent studies on
nuclear gene sequences revealed unexpected views of diversity and evolution of the genus
Hordeum.The objective of this paper will be to discuss results we have obtained from a series
of our studies (Komatsuda et al. 1999b, Tanno et al. 2000, Komatsuda et al. in preparation).
Choosing
a gene for phylogenetic
study
The diagnostic morphological
character of Hordeum is the possession of three one-flowered
spikelets
(triplet)
at each rachis node. In a triplet, the central spikelet is fertile and able to develop
into grain, while the two lateral spikelets are usually sterile or rudimentary. Fertile lateral
spikelets
occur only in some forms of if. vulgare and in some forms of the wild species as H.
bogdanii. Fertility of lateral spikelets is one of the important genetic traits for domestication of
barley and probably for evolution of wild species of Hordeum. The lateral fertility
of H.
vulgare is controlled predominantly
by the vrsl locus. We constructed a high resolution map of
the vrsl locus and found a nuclear DNA, cMWG699, closely linked to the vrsl locus
(Komatsuda et al. 1999a). This DNA is single copy in nuclear genome of H. vulgare as
analyzed by Southern hybridization,
and this DNA revealed a high nucleotide sequence
homology (80%) to the chloroplast
translation
elongation factor EF-G gene (Hernandez et al.
1993). Allele specific primer pairs designed for this sequence generated a single copy DNA
fragment not only from Hordeum, but also from Psathyrostachys
Nevski, Triticum L. and
Secale L. These results suggested that this DNA sequence is useful for comprehensive
phylogenetic
studies in the genus Hordeum and probably in Triticeae.
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Diploid
species of Hordeum
Phylogenetic
analysis of the nuclear DNA sequence was performed for studying the evolutionary
history of the four basic genomes of Hordeum. PCR-amplification
applying allele specific
primer pair was successful to generate a single DNA from all the 20 diploid Hordeum species.
The amplified DNA was around 930 bp long. Among the DNA an intron part of around 350 bp
long was sequenced and compared. Alignment was able to be done manually, the number of
insertion/deletion
gaps was only eight. Psathyrostachys
was put as an outgroup for phylogenetic
inference.
Parsimony tree, based on substitutions
of nucleotide, indicated that the genome of genus
Hordeumprobably diverged into two groups first; one is a clade containing I and Xu, and the
other including H and Xa (Fig. 1). The clade of each group was highly supported by bootstrap
analysis. Then each group was differentiated
(or probably is differentiating)
mutually to loose
meiotic pairing in their hybrids. I and Xu were resolved, and within the I genome H. vulgare
and H. bulbosum formed sister group. In compare to the clear resolution of I and Xu,
separation of H and Xa was not so clear, since the clade of H group was less supported.
Another parsimony tree including both base substitutions
and insertion/deletion
events showed
that the Xa genome to be included in the large, highly homogeneous H genome group. Each
parsimony tree suggested the close phylogenetic
relationship
of the H and Xa genomes.
The results of this analysis supported the four basic genomes. The more important result
obtained from this study, however, is that Hordeum diverged into two gropes. H murinum is
most closely related to the cultivated barley. Based on the morphology, ecology and distribution
H.murinumhas been classified in the same section Hordeum as H. bulbosum and H vulgare
(Bothmer and Jacobsen 1985). However, non of the biochemical and molecular marker studies
supported this classification,
and this study would be the first to support the classification,
section Hordeum as including H murinum,H bulbosum and H vulgare. This gene tree
needs to be compared with a second tree, preferably from a different chromosome. The
phylogenetic
tree represented here was different from that inferred using rpoA gene sequence on
chloroplast
genome (Petersen and Seberg 1 997), indicating the different phylogeny between
nuclear and chloroplast
genome in Hordeum.
H. marinum
This species is of great interest as a valuable source for salt tolerance (Bothmer and Jacobsen
1985, Mano and Takeda 1998). This species consists of diploid and tetraploids,
and the origin of
the tetraploid is a topic of much debate, alloploid or autoploid.
Genetic variability
of H marinum ssp. marinum was studied using the same DNA and
the same methodology. A total of 65 accessions of this diploid taxon were analyzed with the
PCR-amplification
followed by restriction
analysis. The result showed a diagnostic Mspl site
which distinguishes
ssp. marinum into two clades. The two clades showed disjunct
distributions,
the Iberian Peninsula (type 2) and other regions i.e. Turkmenistan, Jordan,
Turkey, Greece, Italy, Germany, France and Majorca (type 1). The two forms were separated by
the Pyrenees and the sea between Valencia and Majorca, Balearic Islands. To elucidate the
sequence variation, 1 1 accessions of type 1 and 4 accessions of type 2 were chosen to represent
maximumgeographical
distribution
within the native area. The entire DNA sequences, being 932
bp long, were compared. The type 1 and type 2 showed clear differences.
All the 1 1 accessions
of type 1 shared identical sequence in spite of their wide distribution
from France to
Turkmenistan. On the other hand, 4 accessions of type 2 revealed considerable variation of
nucleotide. The two forms may represent two ecotypes previously not recognized. This result

Implies that the ssp. marinum, especially
in the Iberian Peninsula, might include more nucleotide
variation which have not been detected in this study.
Compared to the ssp. marinum, the ssp. gussoneanum was not variable. Diploid taxon
(23 accessions)
did not show sequence variation, and tetraploid
taxon (20 accessions)
generated
two classes of DNAs but showed no variation within each class. The important point was that
one of the classes (class a) revealed the same nucleotide
sequence as diploid taxon of ssp.
gussoneanum, indicating
that diploid of ssp. gussoneanum is the immediate donor of one
genome of tetraploid
(Fig. 1). The other class of the tetraploid
(class b) remained in the same
clade as H. marinum, Indicating
that H. marinum Is monophyletic.

Fig* 1. Phylogenetic
tree of the diploid
Hordeum species (except a tetraploid
H. marinum was
included)
based on base-substitution
of the intron region of the cMWG699 clone. The most
parsimonious
tree is shown (length
71, CI = 0.90? RI = 0.96). Numbers above branches indicate
bootstrap
values obtained from 100 bootstrap
replicates.

the

H. vulgare
Phylogenetic
analysis of the nuclear DNA sequence was performed to study the origin of 6rowed barley. This study included 280 landraces (ssp. vulgare) from Eurasia and Africa,
consisting
of 204 six-rowed and 76 two-rowed accessions, and 183 wild or weed barley (ssp.
spontaneum) from mid east and Morocco. These materials were analyzed with the PCRamplification
followed by restriction
analysis with TaqI, and representative
accessions were
provided to the sequencing analysis. The sequence analysis showed that wild or weed barley has
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a larger variation
than cultivated
barley. Two-rowed landraces
had a larger variation
than sixrowed landraces.
The important
point is that there are only two lineages
of six-rowed barley. The
major type had the same DNA sequence with that of one wild barley originated
from
Turkmenistan.
This material
was of var. proskowetzii
form showing intermediately
developed
lateral
spikelets
with elongated
awns. The other type was minor and originated
from some
European countries
and Morocco. This type had the same DNA sequence with that of Moroccan
weed barley discovered
from barley field by Molina-Cano
et al. (1982).
The divergence
time of
the two types was calculated
as more than 100 thousand
years, being much longer than the
history
of barley cultivation,
indicating
that the two types probably
pre-existed
in wild barley.
This study thereby
showed a diphyletic
origin regarding
six-rowed barley.
H. bulbosum, H. murinum and many other species
of genus Hordeum have somewhat
developed
lateral spikelets
and the awn of lateral spikelets
are elongated
or at least the lemma are
tip-pointed.
The common progenitor
of barley had been postulated
to have intermediately
developed
lateral
spikelets,
because the lateral
spikelets
of H. vulgare ssp. spontaneum are too
small to evolve into forms of six-rowed barley. From these reasons, the most primitive
form of
ssp. spontaneum has been postulated
to be similar
to the var. proskowetzii
form (Takahashi
and
Tomihisa
1970, Bothmer and Jacobsen
1985).
The results obtained
from this study supported
the
hypothesis,
because the Turkmenistan
material
had lateral spikelets
intermediately
developed
with
elongated
awns.
Acknowledgements
The research grant from Science and Technology
gratefully appreciated.

Agency (Japan-Sweden

Bilateral

International

Joint Research)

is

References
Bothmer, R. von, N. Jacobsen. 1985. Origin, taxonomy, and related species. In Rasmusson DC (ed) Barley ASA Agronomy Monograph 26: 19-56.
Bothmer, R. von, N. Jacobsen, C. Baden, R.B. J0rgensen, I. Linde-Laursen. 1995. An ecogeographical
study of
the genus Hordeum. 2nd edition. Systematic and Ecogeographic
Studies on Crop Genepools. 7.
International
Plant Genetic Resources Institute, Rome.
Hernandez, T.J., C.A. Breitenberger, A. Spielmann, E. Stutz. 1993. Cloning and sequencing of a soybean nuclear
gene coding for a chloroplast translation elongation factor EF-G. Biochim. Biophys. Acta 1 174, 191-194.
Komatsuda, T., W.Li, F. Takaiwa, S. Oka. 1999a. High resolution map around the vrsl locus controlling
twoand six-rowed spike in barley, Hordeum vulgare. Genome42:248-253.
Komatsuda, T., K. Tanno, B. Salomon, T. Bryngelsson,
R. von Bothmer. 1999b. Phylogeny in the genus
Hordeumbased on nucleotide sequences closely linked to the vrsl locus (row number of spikelets).
Genome42:973-981.
Mano, Y., K. Takeda. 1998. Genetic resources of salt tolerance in wild Hordeum species. Euphytica 103:137-141.
Molina-Cano, J.L., C. Gomez-Campo,J. Conde. 1982. Hordeum spontaneum C. Koch as a weed of barley firlds
in Morocco. Z. Pflanzenziichtg
88:161-167.
Petersen, G., O. Seberg. 1997. Phylogenetic
analysis of the Triticeae (Poaceae) based on rpoA sequence data.
Molecular Phylogenetics
and Evolution 7: 217'-230.
Pickering, R. 2000. Do the wild relatives of cultivated barley have a place in barley improvement? Barley Genetics
VIII. Proc. 8th International
barley Genetics Symposium, Adelade. 1 :223-230.
Takahashi, R. and Y. Tomihisa. 1970. Genetic approach to the origin of two wild forms of barley, laguncliforme
Bacht. and proskowetzii Nabelek (Hordeum spontaneum C. Koch emend. Bacht.). Barley Genetics ll:5 162.
Tanno, K., S. Taketa, K. Takeda, T. Komatsuda. 2000. Multiple origins of six-rowed cultivated barley as indicated
by a study on a DNA marker closely linked to the vrsl locus (row type gene). Barley Genetics VIII. Proc.
8th International
barley Genetics Symposium, Adelade. 2:62-64.

57

Preservation,
Evaluation and Utilization
of Economically Valuable
Plant Germplasm in Bulgaria - Present and Future Prospect.
Institute

Ivan Atanassov, Atanas Atanassov,
of Genetic Engineering,
2232 Kostinbrod-2,

BULGARIA

The geographic
situation
of Bulgaria has made it one of the "germplasm rich"
countries. Although it has relatively
small territory (111,000
km2 of which not more
than 40% arable land) the country is well known for its most diverse climatic and soil
conditions in the Balkan region. This climatic diversity
allows growing of more than
75 cultivated
crops. The transition
period Bulgaria has passed during the last decade
has influenced negatively the development of its agriculture
and industry. Particularly,
this is true for preservation
and utilization
of Plant Genetic Resources (PGR). Strong
unfavorable trends have been observed in the application
of the plant breeding and
practical utilization
of PGR: limitation
of the number of breeding lines developed and
their use; insufficient
expertise
and application
of modern methods for effective
evaluation of the breeding material; diminishing
the practical utilization
of industrial,
medical and rare plants. As a consequence, resistance to environmental stress factors,
such as drought, frost, diseases and pests, salt and acid soils was decreased and
productivity
fell down by an average of 15-20 % in almost all the crops. That is why,
building
up and implementation
of national program for preservation
and efficient
utilization
of existing PGR is one of the strategic
directions
of the development of
agriculture science in Bulgaria presently.
I. Current status and problems of preservation,
management and utilization
of
PGR in Bulgaria.
There is one "base" PGR collection in Bulgaria, maintained at the Institute for
Introduction
and Plant Genetic Resources, Sadovo. In addition several active
collections
of breeding lines and wild relatives of respective crop plants exist in the
breeding and research institutes
in the frame of National Center of Agricultural
Sciences and Bulgarian Academy of Sciences. The main disadvantages
of all these
collections
are:
(1) lack of appropriate
molecular, and modern cytogenetic and biochemical
characterization
of the accessions;
(2) lack of comprehensive information system supporting effective utilization
of the
collection and promoting the international
cooperation;
(3) existing collections
are preserved and maintained only by traditional
methods and
preservation
of plant and DNA samples at ultra low temperatures is generally not
employed;
(4) important medical and rare endemic plants are generally not evaluated and
preserved.
II. PGR-program of the Institute
of Genetic Engineering:
targets and directions
of development.
The Institute of Genetic Engineering was established
at the Agricultural
Academy in
1985 as a National Centre for plant cell and molecular genetics research and coordinates
plant biotechnology
activities
in the country. The IGE cooperates and
performs joint research with more than fifty foreign research centers, universities
and
companies. Taking advantage of its scientific
and technological
capacity, the IGE
actively
participates
in the work on PGR utilization,
and has made particular
contributions
to several strategic areas:
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-molecular, cytogeneticl
and biochemical
evaluation
of existing
germplasm
collections
and new accessions: As a result of long lasting efforts for development
and adoption of up-to-date experimental
methods, presently
IGE employs highly
experienced
research staff. Most of the modern experimental
approaches
for
development and application
of molecular markers, and cytogenetic
and biochemical
analyses of plants are routinely used in the laboratories
of IGE. Based on this, IGE
currently increases its involvement in evaluation
of existing PGR collections
with
modern molecular methods and provides the respective
expertise to other national
breeding and research institutes.
-establishment
of modern germplasm databank
Possessing
its own, Internet
connected, computer network and a wide experience in experimental data processing,
IGE initiates
the establishment
of modern germplasm databank, accumulating the data
from molecular, cytogenetic
and biochemical
evaluations
of existing
germplasm
accessions. Further connections to international
PGR-networks and Internet accession
to the information system will be built up.
-improving and expanding PGR collection ofIGE. Supporting the practical utilization
of existing PGR, the IGE established
its own active collection
of breeding lines of
economically
important species. After determination
of phyto-sanitary
status of the
accessions, they are being used for further in vitro multiplication
of planting material.
The main present task related to the active collection
is development of appropriate
molecular markers for proving of accession authenticity.
Except the collection of crop
and industrial
plants, IGE has also established
a unique collection
of medicine and
endemic plants, and has developed efficient
tissue culture procedures for in vitro
multiplication,
regeneration and culture for most of them. Presently, IGE expands and
improves the collection
through involving new species and samples from various
regions
and performing
initial
physiological,
biochemical
and molecular
characterization
of accession. The establishment
of respective databank based on the
obtained data is in progress.
preservation ofplant and DNAsamples at ultra low temperatures: IGE maintains its
ownultra low temperature collection of DNA samples used in the research work. The
institute will promote expanding of the collection with DNA samples related to PGR
utilization.
promoting networks for Plant Genetic Resources for food and agriculture
Serving as a National Center for plant biotech research, IGE has established
close
contacts and collaborations
with national breeding and research institutes
and foreign
plant biotech institutes
from Europe, Japan and USA. Based on established
links,
networking capacity and experience, IGE initiates realization
of national and regional
networks for preservation and utilization
of Plant Genetic Resources.
III. Strategic
objectives
of IGE.
IGE has defined now strategic objectives
based on its own strengths and limitation:
1. Enhancing the capacity of national plant genetic resources in order to respond
effectively
to clients' needs and to emerging challenges (genomics and proteomics
programs, etc.)
2. Expanding the global knowledge of plant genetic resources on the development of
proper agricultural
research policy in the country.
3. Improving the access to this knowledge and its dissemination.
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Nineteenth century U.S. farmers and breeders made a significant
contribution to world
agriculture
by developing
a unique race of maize {Zea mays L.), known as Corn Belt Dent.
Breeding material descended from this race represents virtually
all of the U.S. production, as
well as the bulk of the feed grown in other temperate regions, accounting for more than 50% of
the annual global supply. The Corn Belt Dent racial complex is a collection
of open-pollinated
populations
that were developed during the 1 800s by mass selection of material derived from
crossing two distinct races of maize, the Northern Flints and the Southern Dents (Anderson and
Brown 1952). The two progenitor races have been described to be so different that, relative to the
variation found within the wild grasses, they would be considered different species and possibly
members of different genera (Anderson and Brown 1952). This suggestion was based on
taxonomically
important traits such as inflorescence
structure, internode pattern and proportion,
leaf shape, and cytology. Flint maize exhibits traits for adaptation to the cool, moist New
England climate. The typical hard, smooth, and shallow kernels are spaced widely on the ears,
allowing them to ripen earlier, be resistant to moulds, dry out quickly, and withstand early fall
frosts without injury so they can germinate well the following
spring. This is in contrast to dent
types with the seed arranged compactly on the ear, and deep, rough (dented) grain containing
softer starch. On average, flints were discovered to mature relatively
earlier than dents, with
dents yielding
more because of the longer growing season (Jones et al. 1924).
The open-pollinated
varieties that were highly successful in spreading through the U.S.
Corn Belt during its settlement trace back to crosses between flint and dent types. The most
famous example of this is illustrated
by the story of Robert Reid, who serendipitously
crossed a
"semi-gourdseed" dent with a "Little Yellow" flint in Illinois
in 1847 to give rise to Reid Yellow
Dent (Troyer 1999).
Open-pollinated
varieties were rapidly replaced by hybrid cultivars obtained by crossing
highly inbred lines in the 1920s and 1930s. It was difficult to find a farmer's field ofopenpollinated
maize in the U.S. by the 1940s (Anderson 1944; Jones and Everett 1949). The
potential
narrowing of the germplasm base was immediately
recognized, as it was pointed out
that 6 popular four-way hybrids traced their ancestry back to only two open-pollinated
populations
(Anderson 1944). The narrowness of the genetic composition in U.S. maize is still a
concern, with the relative proportion
of Reid Yellow Dent derived germplasm in modern hybrids
estimated to be 50% (Troyer 1999). It has been asserted that this genetic base must be broadened
in order to decrease the crop's susceptibility
to a variety of risks such as disease epidemics
(Committee on Genetic Vulnerability
of Major Crops 1 972).
Given the breadth of what is currently available in germplasm banks it is impossible
for
any one breeding program to evaluate all of it for possible incorporation,
to ensure a broad
germplasm base and continued crop improvement. We present a strategy we used for gathering
pertinent information from various sources to describe a set of Corn Belt Dent accessions, with
the long term goal of exploiting
them for novel genetic variation. Our immediate goal is to go
| Institute
for Genomic Diversity,
Biotechnology
Bldg., Cornell University,
Ithaca, NY, 148532703. % USDA-ARS, Dept. of Agronomy, Iowa State Univ., Ames, IA, 5001 1-1010.
keywords: maize, population genetics, germplasm conservation
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beyond a simple molecular genetic characterization
of the material and understand historical,
ecological,
and human influences regarding the origins of the variation discovered within and
among accessions. While highlighting
the findings of our survey of Corn Belt Dent germplasm,
wewill provide an overview of how such data can be processed and point out the electronic
resources that we found to be valuable.
MATERIALS AND METHODS
Wegenotyped 461 plants sampled from a diverse array of Corn Belt Dent-related
germplasm (44 open-pollinated
Corn Belt Dents, 8 Northern Flints, 4 Southern Dents, 1
synthetic,
and 12 inbred lines) at 20 microsatellite
loci widely distributed
throughout the
genome. Allele frequency data were used for i) estimating
descriptive
statistics
and F-statistics
using GDA v. 1.0 software (Lewis and Zaykin 1999). i ) constructing
a consensus neighborjoining
tree (Saitou and Nei 1987) using PHYLIP v 3.57c software (Felsenstein
1995) and, iii)
Mantel tests (Mantel 1967) of the null hypothesis
of independence
between genetic distance and
geographic
distance using GENEPOP v 3. Id software (Raymond and Rousset 1995).
RESULTS AND DISCUSSION
Most molecular population genetics data sets are initially
analyzed to describe genetic
variation in terms of diversity
measures and genetic distances, population
structure and
clustering
patterns, and Hardy-Weinberg and multilocus (linkage)
equilibrium.
Many software
programs to carry out such analyses have been developed for personal computers. Their
implementation
of powerful statistical
techniques
and user-friendliness
make them an attractive
alternative
to performing calculations
on spreadsheets or by writing simpler programs for
oneself. One consideration
in selecting
a software program is the type of molecular genetic
marker that was assayed. Markers can be described as dominant (e.g., RAPDs) or codominant
(e.g., microsatellites),
and data may be collected in the form ofhaplotypes
or diploid genotypes.
The programs TFPGA (Miller
1997), Arlequin (Schneider
et al. 1997), GDA (Lewis and Zaykin
1999), GENEPOP (Raymond and Rousset 1995), GeneStrut (Constantine
et al. 1994), and
POPGENE (Yeh and Boyle 1997) can all accommodate a variety of marker types, are freely
available
for downloading from the Web, and were recently reviewed and compared to each
other (Labate 2000). An excellent program for clustering
analysis is PHYLIP (Felsenstein
1995).
Examining population structure in the Corn Belt Dent germplasm by F-statistics,
we
discovered that the majority of variation (85%) was shared among open-pollinated
accessions.
Cluster analysis showed strong support (1 00%) for the separation of flint from dent germplasm
in a neighbor-joining
tree (Saitou and Nei 1987). The divergence between flint and dent did not
result from uniquely defining alleles in each cluster, but rather, the flints contained a subset
(90/130)
of the total alleles found in the dents. Many of the accessions were apriori known to be
closely related to each other. Some were different strains of the same variety, or in some cases a
variety was purported to be have been selected from another variety. Clustering
analysis
frequently
supported known relationships,
but overall the accessions were so closely related that
clusters of varieties became increasingly
less distinct
as more strains were added to the analyses.
The Germplasm Resources Information Network (GRIN) web server (http://www.arsgrin.gov/)
provides information for approximately
10,000 genera and 435,000 accessions in the
National Plant Germplasm System. Many quantitative
descriptive
measures are available for
accessions. For maize they fall into a range of categories,
such as, chemical composition,
disease
and insect resistance,
phenology, morphology, growth habit, quality, and productivity.
The
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accessions that we genotyped originated
from a.broad geographical
area across the U.S., from
northern NewJersey to western Nebraska, and from northern Michigan to southeastern Kansas.
Wehypothesized
that geographical
origin of an accession should be correlated with its relative
time to maturity, and downloaded pollen shed data (number of days from planting to when 50%
of observed plants have shed pollen) from GRIN for all accessions in our study for which it was
available
(27 accessions).
All of these data were collected for the LAMP (Latin American Maize
Project)
study 10 01 in Ames, Iowa in 1987 (USDA, ARS 2000) so could be directly compared
to each other. A significant
correlation
(r = 0.7624, d.f. = 25, P < 0.01) between days to pollen
shed and maturity zone of the strain's geographical
origin was found, reflecting
a north/south
cline in relative maturities.
This finding implied that there are still genetic differences
among the
accessions that reflect their original
adaptation to local growing conditions.
We postulated that
three forces have primarily
shaped allele frequencies in the accessions i) pedigree,
ii) migration
into the Midwest Corn Belt from the east coast, and iii) selection
by farmers for local adaptation.
Because clustering analysis had revealed that genetic compositions
of the accessions had been
substantially
influenced
by pedigree, we selected 1 1 accessions
that were believed to be fairly
distinct
from each other in their pedigrees to look for evidence of migration and selection.
Historical
accounts provided by 1 9th and early 20th century state agricultural
experiment station
bulletins
were a valuable resource in providing
approximate year and geographical
origin of
varieties. Many of these accounts gave direct testimony to gene flow, often the crossing of
pioneer introduced seed with a local strain of maize to obtain a superior and subsequently
improved variety. Influence of migration on allele frequencies should be evidenced by a test for
isolation
by geographical
distance. Precise estimates of geographic
distance between all pairs of
accessions were obtained using two Web-based tools. The first, the Geographic Names
Information System, can provide information on 2 million physical and cultural geographic
features in the U.S. The Federally recognized name of each feature and the feature's location by
State, county, and geographic
coordinates can be obtained (information
on 3.5 million
geographic names outside of the U.S. and Antarctica can be obtained from the GEOnet Names
Server, http://l
64.2 14.2.59/gns/html/index.html).
The second essential tool to obtain data for the
isolation-by-distance
tests was the "Surface Distance Between Two Points of Latitude and
Longitude" (http://www.vsv.slu.se/johnb/java/lat-long.htm).
This was used to compute all
pairwise distances between places of origin of accessions in units of nautical miles. A Mantel test
(Mantel 1967) was used to test the null hypothesis
of independence between two semimatrices,
one containing the 55 pairwise genetic distances (FStI(\-Fst))
and the other containing the 55
pairwise nautical miles distances. Statistically
significant
correlations
were found between
genetic distance and geographical
distance (r = 0.5219, P = 0.03). The data displayed
evidence
of north to south rather than east to west genetic differentiation
because the flint accessions (all
being from the north) were genetically
similar but geographically
distant from each other from
east to west. When flint accessions were removed from the analysis the significant
correlation
between genetic and geographical
distance disappeared
(r = 0.2 167, P = 0.28).
Therefore, the microsatellite
data did not reveal adaptive genetic differentiation
of the
varieties from north to south, although it was inferred to be present from pollen shed data.
Historical
origins of the accessions, in terms of the flint/dent dichotomy and more recent
pedigree relationships,
dominated the profile of the molecular genetic composition of the Corn
Belt Dent open-pollinated
populations.
This was not unexpected because selection for local
adaptation will have acted in specific ways on relatively
small genomic regions while history and
demography influenced the entire genome in similar ways. Genotyping of accessions using
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densely spaced, highly polymorphic
genetic markers will be necessary
involved
in local adaptation.
These results provide a framework within
and study of the Corn Belt Dent populations
can be carried out.

to reveal genomic regions
which further sampling
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Abstract
Floral

and fruit morphology
of Garcinia spp. have some differences
and
similarities
in number, shape and color. Among those species, mangosteen contains a
concentrated yellow latex affecting the quality of its fruits. In case of pollen viability,
it
is interesting
that a high number, 93-100%, of viable pollen were found in cha-muang
and pawa. Ploidy level study of the species by flow cytometry revealed that pawa have
the smallest DNA content while the other three species, (mangosteen, somkhag and madun) have a DNA content two times higher. Ma-phut has the highest DNA content,
which was three times higher than that of pawa. From sequencing of genomic DNA
using specific primer, it was found that mangosteen had a close relation with pawa,
followed by somkhag and ma-phut.

Introduction
Garcinia belongs to the family Guttiferae
or Clusiaceae.
The genus arose in
southeast Asia, ranging from the southern part of Thailand and peninsular Malaysia to
Indonesia and to some parts of the Philippines.
However, the exact origin of the genus is
still debated. According to Whitmore (1973), the genus is listed as having 39 species with
another ten unidentified
or unnamed in this region. Among these species, only a few are
known and used in daily life in Thailand (Lim et ai, 1986), namely G. mangostana L., now
being grown as an orchard fruit tree, G. atroviridis
Griff, G. speciosa Wall., G. cowaRoxb.
and G. dulcis Kurz. The latter four species possess both medicinal
and horticultural
properties.
G. atroviridis
Griff, G. dulcis Kurz and G. cowa Roxb contain a high
concentration of hydroxy citric acid (HCA), especially
in the fruit and leaf. This chemical
regulates some enzymes in the hydrolysis
pathway in order to efficiently
convert fat or fatty
acid into energy. G. speciosa Wall, can grow well under drought conditions,
so it is used as
a rootstock for mass propagation of mangosteen.
Garcinia spp. have very small chromosomes. Most cytology
researchers have
encountered difficulty
in identifying
distinct
differences
among the species. Metaphase
chromosomes spread well but staining
is poor leading to difficulty
in counting and
identifying.
Richards (1990)
reported using morphological
characters for identification
among the three species of Garcinia. He showed that four characters; latex and petal color,
sessile stigma and fruit color of G. mangostana resemble G. malacensis. Another three
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characters, stigma, stamen/staminode
lobe, and fruit show that G. mangostana resembles G.
hombroniana. Based on these similarities
he stated that G. mangostana is a hybrid between
G. hombroniana and G. malaccensis.
Classifying
the relationship
among these species by biotechnological
method has
not been conducted. All plant parts contain a high content of yellow latex which hampers
the extraction
of good quality
DNA. Before further deterioration
of the forest causes
extiction of these species, it is prudent to classify and collect them for further improvement
of the species, especially
mangosteen.

Materials and Methods
Comparison study on floral and fruit morphology of Garcinia
In this
(mangosteen),
(ma-phut),
G.
from the Plant
orchards in the
(flowers,
fruits
in both nursery

spp.

investigation,
five species
of Garcinia,
namely G mangostana L.
G. speciosa Wall (pawa), G. atroviridis
Griff (somkhag),
G. dulcis Kurz
cowa Roxb (cha-muang) and G. schomburgkiana
(madun) were collected
Science Research Station, Prince of Songkla University
campus, and private
Narathiwat Province. Both vegetative parts (leaves)
and reproductive
parts
and seeds) were collected and used. Seed germination tests were conducted
bed and test tube.

Nucleus preparation

for flow-cytometry:

Leaf samples collected from field-grown mature mangosteen, pawa, somkhag, maphut and madun trees were cleaned by rinsing under running tap water. A small sample of
leaves (approximate
1 mm2) was chopped into DAPI or Partec buffer solutions under cool
condition (usually
carried out on ice). The filtrate was then fed through a flow cytometer
and the content of DNA in the nucleus determined.

DNA extraction

and phylogenetic

study

The surface of young leaves of all the Garcinia spp. samples were rinsed with
tap water many times to remove surface contamination. Approximately
20 mg of clean
leaves were put in a 2 ml Eppendorf tube and crushed in 150 |HL tris-EDTA (TE) buffer
and DNA extraction was carried out by minipreparation
method.
The DNA isolated from leaf sample of each species of Garcinia according to
the methods described
earlier was amplified by the polymerase chain reaction (PCR)
technique with specific primer localized
in chloroplst.
Two set of primers; rbcL and
psbA, each consisting
of forward (FWD) and reverse (RVS) direction,
were employed:
rZ?cL-FWD (5 '-TTGGCAGCATTCCGAGTAA-3 ' ), rbcL-RVS (5 ' -TGTCCTAAAGTT
CCTCCAC-3'),
psbA-FWD (5' -CCATGACTGCAATTTTAGAG-3')
and psbA-RVS
(5'-ACTTCCATACCA
AGGTTAGC-3').
The first set of primers was designed to
amplify a 1 1 18 bp fragment, encompassing 78% of the Rubisco large subunit (rbc L)
sequence of tobacco (Shinozaki
et al, 1986). The second set was designed to amplify a
991 bp fragment, including
93% of photosystem II Dl protein gene (psbA).

Results
Comparison study on floral and fruit morphology

of Garcinia

spp.

Reproductive
phase and morphological
characteristics
of the genus Garcinia,
including floral and fruit morphology are summarized in Table 1
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Table

1. Morphological

Nucleus preparation

characters

of Garcinia

spp.

for flow-cytometry

The results from flow-cytometry revealed that DNA content varied from species to
species. Among the five species tested, pawa had the lowest content of DNA classified to
be diploid (2n=2x). Three species (mangosteen, somkhag and ma-dun) had a DNA content
two times higher than that of pawa and were classified to be tetraploid
(2n=4x). Ma-phut
had the highest DNA content, three times higher than that of pawa, and thus was classified
to be hexaploid (2n=6x) (Fig. 1).

Phylogenetic

study

From the result
close to pawa, followed

of genomic sequencing, it is quite clear that mangosteen was very
by somkhag, ma-phut and ma-dun (Fig 2).
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Population
strategies

analyses using different molecular techniques to determine
for in-situ conservation - examples from the genera Glycine,
Oryza and Vigna.
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The objectives of this paper are to briefly describe the results of population research that
provide various types of information on inter and intra-specific variation in wild relatives of
crops that may assist in developing strategies for in-situ conservation. In this paper we present
results from using 3 types of molecular information to analyse population diversity,
RAPD
diversity of island populations of Glycine tabacina, Vigna reflexo-pilosa and Vigna riukiuensis,
AFLP analysis of the Vigna angularis complex in Japan and sequence data for part of the
integrase coding domain of a gypsy-like retrotransposon found in the Oryza qfficinalis complex.
1. Island populations.
The biology of island populations
has generated much research interest. The results of
studies of three species that grow on the islands of southern Okinawa, Japan, are presented.
Glycine tabacina is a perennial herbaceous plant with its center of diversity in Australia, but
populations of this species are found over much of the southern Pacific and it grows in Taiwan
and mainland, China and Japan. Miyako island, Japan, is the most northerly location of this
species. G. tabacina on Miyako island grows primarily in grass on cliff tops above the sea.
Populations of this species were analysed by RAPD and AFLP methodologies. The results of
RAPD analysis are shown (Fig. 1). Based on 12 primers only one polymorphic band was found
amongMiyako island populations out of a total of 156 polymorphic bands when populations of
G. tabacina from Australia were included in the analysis. Similar results were obtained with
AFLP analysis. These results suggest that populations
of G. tabacina on Miyako island are the
result of founder effect and possibly recent introduction.
Vigna riukiuensis has a rather restricted distribution
in southern Okinawa and Taiwan.
Analysis of populations
of V riukiuensis from 5 islands of the Yaeyama and Miyako island
archipelagoes revealed clear island to island variation based on both RAPD and AFLP analysis.
The results suggest that there is a floristic barrier between the Miyako and Yaeyama archipelagos.
It is possible that V. riukiuensis is an ancient element of the flora of these islands.
Vigna reflexo-pilosa
is a climbing,
herbaceous, tetraploid,
perennial that grows
throughout the islands of southern Okinawa, Japan. The full range of its distribution
is as far
south as northern Australia and east as far as Myanmar. Southern Okinawa represents its northern
distribution
limit. Analysis of 5 populations
of V. reflexo-pilosa from 5 islands of southern
Okinawa revealed very little variation based on RAPD and AFLP analyses. The intra-specific
genetic diversity based on AFLP data measured by the Shannons diversity index was 0.006 for
V.reflexo-pilosa compared to 0.039 for V. riukiuensis growing over the same islands of southern
Okinawa (Yoon et al. 2000).
The results of analysis of these island populations
suggest that the in-situ conservation
strategy for Glycine tabacina and V. reflexo-pilosa may be similar. That one or two populations
may capture the majority of the genetic variation of these species in southern Okinawa. On the
other hand since V. riukiuensis shows genetic differentiation
thus specific populations in both
the Mikako and Yaeyama archipelagos would be need to be conserved to capture the full genetic
diversity of this species.
2. Crop complex populations.
Crop complexes consisting
of related wild, weed and cultivated
taxa are particularly
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interesting to study since they occur in disturbed habitats that can speed up processes of evolution
and enable these processes to be better understood (Harper, 1977). In Japan the azuki bean
complex consists of the cultigen,
Vigna angularis var angularis and its wild relative var.
nipponensis. In addition, to these two varieties, field observations and laboratory analyses have
also recognised weedy and complex populations (Fig. 2) (Xu et al. 2000 a, b). AFLP analyses
of wild and weedy populations and the cultigen from different parts of Japan have shown that
weedy populations have much less intra-population
genetic variation than wild populations and
are genetically
closely related to the cultigen. Wild populations have greater intra-population
genetic variation than weed populations and the cultigen and wild populations
analysed from
northern and southern Japan are genetically
differentiated
(Fig. 3).
Several years of monitoring populations
in various parts of Japan have shown that
populations
vary from year to year as a result of various factors such as cutting vegetation by
farmers. Four years of observations of a complex population in Tottori prefecture have shown
that farmers rotate yearly the nearby fields they plant to azuki beans. Plants in different parts of
the complex population there show evidence of segregation from one year to the next suggesting
gene flow from the cultigen to neighbouring
wild and/or weedy plants.
Aspects to consider when developing strategies to maintain in-situ the dynamic population
structure of crop complex genepools include:
1. Disturbance
that prevents succession; 2. Breeding system(s)
and pollinators;
3. Size of
population and population structure.
Ex-situ conservation of seed bearing crops and there wild and weedy relatives is usually
not difficult. However, conservation of germplasm in habitats to maintain micro-evolutionary
processes requires in-situ conservation (Li et al. 2000).
3. Species complex populations.
The Oryza officinalis complex consisting of 10 species and is the largest species complex
in the genus Orzya. This complex with a pantropical distribution
is of particular interest because
4 genomes have been designated for species that occur in this complex (Vaughan, 1994). Our
research objectives were to better understand the evolution and relationships
of the species in this
complex by analysis of all the species and their major geographic groups.
Wesequenced clones fromwithin a new gypsy-like retrotransposon, originally
found in
O. eichingeri,
that gave intense hybridization
signals with all species of the O. officinalis
complex (Shcherban et al., 2000). Cloning and sequencing showed that amplified fragments were
highly homologous to each other (75-90%). Analysis of primary sequence data supports previous
reports that vertical evolution has been the major influence on the evolution of gypsy-like
retrotransposons
within Oryza species. Thus we used the primary sequence data to estimate
divergence times of species in the O. officinalis complex. Based on the molecular clock concept
the divergence time between species is inversely proportional
to the nucleotide substitutions
which varies between different genomic regions. We used the average of two reported rates of
substitution
to estimate average divergence time between accessions of the O. officinalis complex
(Fig. 4). Based on a comparison of sequence data the 3 main species groups separated at about
the same time in the Miocene (25-1 1 mya). This range of dates for the major divergence among
0. officinalis complex species is supported by information from general studies of grass
phylogeny and divergence estimates fromelectrophoresis
studies.
The implication
of the results for in-situ conservation of the species in the Oryza
officinalis complex are:
1. Oryza eichingeri appears to be ancestral to other CC genome species and thus this species
should be a focus of conservation efforts. Further studies of this species are necessary,
particularly
in Sri Lanka the only place where it grows close to another CC genome species O.
rhizomatis. The ancestral form of O. eichingeri
was the likely the CC genome donor to the

allotetraploid
species of the complex.
2. O. officinalis has distinct genetic variation in Southeast Asia, China and India. Therefore
populations
from these different regions should be conserved in-situ.
Genetic studies of island populations,
a crop complex and species complex using various
molecular markers and sequence data can provide useful information for the in-situ conservation
of crop relatives. However, while techniques to analyse populations
can give new information
equally critical is knowledge and quality of the genetic resources analysed.
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Fig. 1.(above)
Dendrogram based on Jaccards coefficient
calculated
from RAPD polymorphism detected in Japanese
and Australian populations
of Glycine tabacina (tab) and G.
tomentella (torn).
Fig. 2. (right)Distribution
in Japan of wild O, weedy •Eand
complex 3 populations based on direct collection.

Fig. 3. Principal Component Analysis plot of 41 populations
belonging to the azuki bean species
complex. The wild, weedy and cultigen populations are marked with '•œ'•›'•£'
, respectively.
All but one wild population
in quadrates A and B were from northern or southwestern Japan,
respectively.(Modified
from Xu et al. 2000a)

Fig. 4. An UPGMA dendrogram of the O. officinalis complex species based on ICD sequence
alignment. The nucleotide substitution
numbers are indicated in bold above branches. Numbers
at each internode represent the deduced average time of species divergence in millions of years.
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Introduction
It is true that the conventional
types of plant breeding
have had remarkable
success in improving a wide range of crop traits. The crossing of plant forms produces
the recombination
of variation
among genotypes, strains and species. It is still often
desirable,
however, to make sexual crosses between a wild and a crop species that are
sexually incompatible,
which means that the cross is not possible
and the germplasm
flow is impeded.
The inability
to undergo normal sexual reproduction
is called a
"breeding
barrier".
Therefore, a breeding barrier comes from the fact of reproductive
isolation
(Stebbins
, 1958).
For a long time great effort and various approaches for overcoming such barriers
have been made by several kinds of techniques,
e.g. immature embryo rescue and
aseptic culture. Haploid plant production
using pollen and anther culture techniques
opened new avenues in the 1960s.
The success of future plant breeding
programs will focus on the utilization
of
"new" biotechnological
advances including
genetic engineering
and somatic hybridization. In order to break through the breeding
barriers
by means of biotechnology,
there are many factors to be considered.
Success will also depend upon a more detailed
knowledge of reproductive
biology
and breeding systems. From such aspect of views
weare devoting ourselves as the following investigations.
Development and analysis of homostylar
autogamous buckwheat
Programs aimed at buckwheat breeding
and genetic improvement is further
fraught with numerous problems. Prominent among them is the self-incompatibility
phenomenon peculiar to the reproductive
biology of this seed propagated genus. Due to
allogamy,
the individuals
in a population
are highly
heterogeneous.
The selfincompatible,
heterostylic
system is a limitation
for breeding
improvement.
To
overcome this problem, remote hybridization
has been attempted by crossing with a
monomorphic self-compatible
wild species, F. homotropicum (Campbell,
1995; Woo
and Adachi, 1997). The hybrids were successfully
produced through embryo rescue and
forwarded
to successive
generations
by selfing
as well as back crossing,
i.e.
introgressive
hybridization.
The scheme is shown in Fig. 1. Further analyses revealed
the heterostylism
is governed
by a single locus S, with three alleles, S, S and s, which
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respectively
control the F. homotropicum homo-type Sh Sh , F. esculentum (thrum) Ss
and pin ss. Back crossing is being extended for further
generations in order to develop
a stable population
with introgression
of the gene(s) from F. homotropicum
Three
RAPD markers,
OPB1250,

OPP81000

and

GPQ7800,

tightly
linked
to Sh genewere
cloned and characterized.
Nucleotide sequence information,
obtained
from each end of thethree
linked
RAPD markers, was used to design
21-mer oligonucleotide
primers for
PCR amplification
of the respective
SCARs. Two of these SCAR primers,
SCB141250 and SCP81000 amplified
a
single fragment in F. homotropicum
but was absent in F. esculentum. In
one case, SCQ7800, showed
different
size
PCR fragments
incommon
buckwheat than in F. homotropicum.
This co-dominant marker is useful for
differentiating
heterozygosity
from
both types of homozygote (Fig. 2).

Fig. 2.
genomic
amplified
primers.

Fig. 1. Scheme
bridization.

of genetic

analysis

and introgressive

hy-

Agarose gel electrophoresis
of SCAR markers converted from RAPD markers. A: PCR products amplified from
DNAs from #284 (ss), #1 (ShSk) and their F2 segrigants
(ShSh, Shs, ss) using SCAR primers. B: PCR products
from genomic DNAs from Miyazakizairai
(MZ; ss), #1 (ShSh) and their F2 segrigants
(SHSh, Shs, fusing
SCAR
The SCAR primers used are indicated
above the each lane.

Identification
of apomictic
gene in Gulneagrass
Apomlxls Is a mode of reproduction,
found In a number of diverse plant species,
that bypasses female melosls and syngamy to produce embryos genetically
Identical
to

the maternal parent(Asker
and Jeriing, 1992). It causes sometimes, therefore, difficulty
to get recombination
by sexual reproduction.
But apomixis provides
a method for
cloning plants through seed and involves the conservation of existing hetferozygosity,
it
is expected to simplify
the development
of hybrid cultivars
and the production
of
commercial hybrid seed.
The mechanistic
details and the mode of inheritance of apospory have been studied
in guineagrass(P#«/otfw
maximum). Based on ovary length,
for sampling
different
developmental
stages of embryo sac formation in obligate
and facultative
apomictic
genotypes, a CDNA library was made and a stage-specific
CDNA clone was isolated.
This A2-134 CDNA, designated
ASG-1 (Apomixis
Specific
Gene),
was found to be
expressed in flower buds of the apomictic but not of the sexual accession. Furthermore,
the gene was also not expressed
in buds of the apomicts
until completion
of
megasporogenesis
but could only be found during a phase characterized
by the
appearance of aposporous initial
cells (AICs)
of the embryo sac. The appearance of
these cells is strictly limited to apomictic genotypes (Fig. 3).
Sequence analysis revealed that
theA2-134
CDNA (l,177bp)
codes for a protein of 305 amino
acids
with
amolecular
mass
of34.2kDa.
The amino acid
sequence of A2-134
is related
to RD223 a seed-specificand
drought-induced
gene ofArabidopsis thaliana
( YamaguchiShinozaki,
1993; Kiyosue et al.,
1994),to
USP,
an unknown
seed prote in precursor of Vicia
faba (Baumlein et al., 1991), to
a polygalacturonase
1 beta
chain
precursor(Polyg
1) of
Lycope rsic on
esculentum
(Zhengetal.,
1992)
and to
ADR65 an aexin down-regulated
gene ofGlyctne
max( Datta et
al., 1993). Southern blot analysis
showed a different hybridization
pattern atthegenomic
level
when A2-134
CDNA was
hybridized
with
total DNAs
isolated
from leaves of sexual
aswell as apornictic
plants,
indicating
thatthe gene(or related
Fig. 3. A) Northern
blot of a CDNA done (A2-134)
Isolated
from
family members) exists
in both
stage A2 flower buds of apomictlc
guinea grass. At this stage (A2)
types. The CDNA library and the
AICs appear in apornictic
but not in sexual genotypes. The hybridization signal corresponds
to this stage and is not visible
during megASG-1 gene should be valuable
aspore (AS1)
or sexual embryo sac formation
(S2).
C2-112
is a
tools
toward understanding
the
CDNA clone found in both genotypes
at stages A2 and S25 respectively, and is used here as a control for clone specificity
(B). Ubiquimolecular
mechanism of apotously expressed clones hybridize
with AS 1 under the experimental
mixis, particularly
apospory,
conditions
used, demonstrating
sufficient
RNA in lane AS 1 (data
not shown).
and toward thetransfer
of apomixis to important crops.
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Conclusions
The complementary
application
of conventional
but standard breeding
techniques
and modern biotechnology
tools in genetic
improvement
program appears to be
indispensable
for the achievement
of effective
breeding goals in different
plant species.
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INTRODUC TION
Over the past decade, DNA-based assays have revolutionised
our ability to characterise
biodiversity
at the genetic level. The large number of reports worldwide describing the use of
molecular techniques for the characterisation
of germplasm and natural populations
are
testimony to this success. However, using molecular tools to assist in the management of
biodiversity
requires more that just a description
of what is present. This paper briefly
considers the key issue currently facing biodiversity
management and the extent to which the
available molecular techniques contribute to the addressing of these issues. Limitations
and
gaps will then be examined and the potential contribution
of new approaches emerging from
the field ofgenomics will be discussed.
BIODIVERSITY

MANAGEMENT ISSUES

Biodiversity
can be
variety of all living
fact that it embraces
most often developed
work for even those

defined as the Earth's living resources, encompassing the number and
organisms from terrestrial,
marine, aquatic and other ecosystems. The
all living things is significant
in the context of molecular tools, which are
in model organisms and, thus, will need to be extended outwards to
species which hitherto have not been subject to molecular studies.

Biodiversity
issues are equally broad and can be addressed at the species, population and
within population
levels (Karp et al 1997).
At the species level, the identification
of
taxonomic units and the determination of the uniqueness of species are essential information
for systematic
studies and conservation.
Molecular techniques
can contribute in the
classification
of organisms and the derivation of phylogenies.
Furthermore, they can help the
definition
of distinctiveness
of species and populations by ranking them according to their
evolutionary
history.
Molecular
markers can also help identify
hybridisation
and
polyploidisation
events.
At the below species level the issues that need to be addressed differ, depending upon whether
ex situ or in situ management is being addressed.
Ex situ biodiversity
includes genebanks,
zoos, botanical gardens and other collections.
Here, the key issues revolve around the
acquisition,
maintenance, characterisation
and utilisation
of genetic diversity.
In situ
biodiversity
includes natural populations,
as well as on-farm and managed or semi-managed
populations
(e.g. forests).
Here, the main issues revolve around the identification
of
populations
for conservation,
determining
the most effective
ways of managing the
populations in order to conserve diversity and sustainable utilisation.
An important adjunct to biodiversity
management at all levels is the ability
to identify
individuals
categorically
and to assign parentage.
This enables relatedness
and family
structures to be determined and sources of gene flow identified and the amount estimated.
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&

LIMITATIONS
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MOLECULAR

Although it is not possible here to detail all the major issues that have to be faced, one aspect
that all levels of biodiversity
management clearly share in commonis their requirement for
information on genetic diversity.
It is here that molecular techniques can make a significant
contribution.
The first major attraction
of DNA-based assays was the potentially
infinite
number of character differences
they offer for the detection of diversity.
For biodiversity
management, however, it is actually the nature of the information that can be obtained that is
of crucial importance to consider for molecular data to be useful in the decision-making
process.
The information that can currently be obtained on biodiversity
using molecular techniques can
be summarised as follows:
(i) a quantification
of the diversity present; (ii) an understanding
of how the diversity is distributed
among and within populations,
in space and over time; (iii)
an insight into evolutionary history and genetic distance; (iv) the degree of relatedness among
individuals
within a population;
(v) whether individuals
are genetically
identical
or distinct;
(vi) the amount of gene exchange amongindividuals
and populations.
Collectively
this information is extremely important for biodiversity
management. A large
numberof different molecular techniques are able to provide information of this kind, however,
despite recent advances and our increasing knowledge of plant genomes, no single technique
currently provides all of the information listed above. More often than not, a combination of
techniques is needed to cover all the requirements of information that may be needed, which
increases the cost of applying a molecular approach. Alternatively,
a compromise has to be
made which reduces either the type of information that can be obtained and/or the number of
samples that can be analysed. This places a limit on the potential gains from the application
of
molecular techno logies.
A second limitation
is that molecular markers are generally employed in an anonymous
fashion. This has invited criticism of the functional relevance of the diversity revealed using
marker approaches. As a result, although the contribution of molecular technique is making an
enormous impact on our ability to characterise
biodiversity,
evaluating the "significance"
or
assessing the "value" of the diversity
revealed and utilising
the data in decision-making
processes still remains difficult.
The main reason for this is the gap between our
understanding of diversity at the genetic (or molecular) and phenotypic (or functional)
levels.
The rapidly increasing information available from genome mapping and genomics projects is
providing an expanding resource, which may help to bridge this gap. Three of these advances
will be briefly discussed.
BRIDGING THE GAP
Using genome maps and closely

linked

markers

High-resolution
genetic maps, with genome coverage of one marker per cM, in many of the
major crops now enable markers of known location and distribution
to be chosen for use in
biodiversity
studies. Furthermore, synteny and comparative mapping increase opportunities
for importing locus identities
from one species to another. In lettuce, Sicard et al. (2000) used
molecular markers to screen diversity
in genes known to confer resistance against downy
mildew caused by the fungus Bremia lactucae. The genes characterised
so far are clustered in
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four linkage groups. Resistance gene candidates (RGCs) encoding nucleotide binding sites
(NBS) and leucine rich repeat regions (LRR) have been identified
and one family of over 24
members is located in the major disease resistance cluster. A microsatellite
marker and two
primer pairs that amplify sequences encoding a region in the middle of the LRR region were
to screen accessions of known resistance phenotype of cultivated
lettuce (Lsativa),
the wild
lettuces, L. serriola, L.saligna and L. virosa and natural populations ofL. serriola. Very good
correlation was found between the markers and the allelic variation at the resistance gene loci.
Using sequence information

to target

"functional"

diversity

For species that are not major crops alternative methods of using markers can be exploited
even where genetic map information is limited.
The molecular technique of amplified
fragment length polymorphism (AFLP) (Vos et al. 1 995) involves first restriction
digestion of
genomic DNA followed by two rounds of PCR amplification.
Primers are designed on the
basis of the restriction
sites plus additional
nucleotides
that act as selective
bases. The
resultant multi-locus
profile
is highly
reproducible
and extremely discriminative.
The
technique can also be adapted for use with primers that target specific sequences within the
genome, or sequence-specific
amplification
polymorphism (SSAP) (Ellis et al 1998).
This
approach is currently being used to investigate
the feasibility
of screening for biodiversity
in
functionally
relevant regions of the genome in an EU-funded project (Contract No. BIO4 980332) in which different specific target genes are being investigated
by different participating
groups. The gene families being studied include those encoding protein kinases, signal
transduction factors, disease resistance, phytohormones and cytoskeleton.
Genomics and Biodiversity:

ESTs,

DNA chips and microarrays

In DNA microarrays, different sequences are spotted on the glass slide and information is
gained by determining at which of these sequences hybridisation
occurs. There are basically
two types of microarray:
expression arrays and arrays for identifying
and genotyping
mutations and polymorphisms.
Expression arrays are being used to monitor gene expression
levels in different
tissues and under different situations as a first step towards functional
characterisation
of genes. Their main application
at present in is the functional assignment of
genes. In contrast, genotyping arrays have the potential
to make a direct contribution
to
genetic diversity studies in plants since they offer the possibility
of locating, identifying
and
cataloguing genotypic differences in large sets of known DNAs simultaneously
(Lipshutz
et
al. 1999).
Although these approaches have yet to be applied to Biodiversity
studies, the
following areas look very promising and may change significantly
our strategies for using
molecular tools for Biodiversity
management in years to come.
Whole Genome Typing: Where microarrays have been assembled for the genomes of key
organisms it is possible to screen DNA fromother related species (target DNA) against the array
(probe DNA) and identify gene differences. The approach is possible
for whole organellar
genomes (eg. mitochondrial
DNA) and for microbial genomes. It may be possible for higher
organisms for subsets of genes. Comparison can be made between whole genomes for the
identification
of interesting differences, such that genes present in the probe but absent/modified
in the target will be identified.
It has the disadvantage that any new genes present in the target
organism will be missed but it enables the process of whole genome comparisons to be started
Genotyping allelic
variation at large numbers of loci: As different
alleles of a gene are
identified
and sequenced, it will be possible to use arrays to screen for all known alleles at
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multiple loci simultaneously.
population studies.

This has the potential

to be an extremely

powerful

approach for

Use of ESTs as single nuclear markers for genetic diversity
studies:
As more ESTs become
available
it will be possible
to use these as markers to identify
sequence polymorphisms.
In
the past, the limitation
of this approach has been the paucity of sequences that diverge at rates
suitable for population
studies and thus the limited number of regions in the genome that can
be assessed. The huge number ofESTs being identified
open up the possibility
for generating
sequence data generated from multiple points in the genome.
Comparative analysis of developmental
genes: As gene sequences become available
it is
possible to determine to what extent the same genes have evolved in different organisms, and
if so, to what extent their function differs. Comparative analysis of developmental
genes in
this context is particularly
interesting
for Biodiversity
studies as it connects taxonomic
classification,
phylogeny and Biodiversity
with molecular basis of morphology.
Identifying
regions of the genome under selection:
Instead of trying to identify
candidate
genes for traits of adaptive significance,
if sufficient haplotype data become available
in the
form of SNPs it may be possible to identify regions of the genome that have been subject to
selection on the basis of information on recombination events, rather than using mutation data
on its own.
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Introduction.
The term "RNA editing" was coined for the first time after the discovery of the
extensive insertion
and deletion of uridine residues in mitochondrial
RNAs of trypanosomes
(Benne et al 1986). RNA editing has.been also found in mitochondria
and chloroplasts
from land
plants, in the mitochondria
of some fungi, in the nucleo-cytoplasmic
compartments of animal
cells and in the genome of some human viruses like paramyxovirus, hepatitis
C virus and HIV1.The RNA editing process may involve base modifications
or base changes in RNA and the
insertion and/or deletion of nucleotides
in mRNA (for reviews see Araya et al. 1994; Schuster
and Brennicke 1994; Smith et al. 1997; Stuart et al. 1997). RNA editing in the mitochondria
of
higher plants was described simultaneously
by three independent groups in 1989 by comparing
the mtDNA sequences and those of the corresponding
cDNAs (see references in Araya et
al.1994).
Direct sequencing of the protein ATP9 from wheat mitochondria
(Begu et al. 1990)
showed that edited mitochondrial
mRNAs are translated
in functional
proteins. An important
consequence of the discovery of RNA editing was that the sequence of a given protein cannot be
deduced from that of the corresponding gene. RNA editing in higher plants organelles involves
the transition
of some C residues to U. Discovery of RNA editing in plants confirmed the
universality
of the genetic code in plant mitochondria. RNA editing in higher plants can be found
in most mitochondrial
mRNAs. Editing
involves essentially
the coding regions of plant
mitochondrial
transcripts and less frequently non-coding regions like introns (Knoop et al. 1 99 1 ;
Zanlungo et al. 1995). The rare editing events found in introns, tRNAs and rRNAs lead generally
to a correction ofmispaired
stem regions. When the C residue edited to U ofmRNAs is placed at
the 1st or the 2nd codon position, the change leads to an amino acid substitution
while, changes in
the third position do not modify the nature of the amino acid ("neutral" or "silent" editing).
There
is no current explanation
of the prevalence
of silent editing.
The same transcript
may be
differently
edited depending of the plant species. Thus, atp9 mRNAis edited at 8 sites in wheat,
10 sites in petunia and tobacco and only 4 sites in Oenothera. In all cases, the editing positions
are conserved. RNA editing is observed in all land plants with the exception of the moss
Marchantia polymorpha where all protein consensus sequences are already found at the genomic
level (Malek et al. 1996).
This led to the idea that bryophytes
had lost the RNA editing
machinery. However recent reports show that RNA editing is present in several bryophytes.
No
RNA editing is found in algae. In chloroplasts,
the lack of initiation
codons of some sequenced
genes led to the finding that rpsl2 from maize, psbL from tobacco and coxl (Kudla et al. 1992;
Kadowaki et al. 1995) possess an ACG (Ala) codon that after mRNA editing led to a AUG
codon. In mitochondrial
and chloroplast
RNA editing the C-to-U changes lead to the creation of
new initiation
and termination codons and to amino acid changes, improving the similarity
with
the functional protein consensus sequence. This situation may be considered as a "repair" process
giving a "sense" to the mRNA-encoded message. Our recent observation that RNA editing
operates in some HIV-1 mRNAs led to the proposal that, inversely, in this specific
case, RNA
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editing may be a "defense" mechanism allowing the inactivation
of a protein (Vpr) involved in
virus infection and in some cellular functions (Bourara et al. 2000).
Mechanism of plant mitochondrial
RNA editing. We have developed an in vitro system using
a mitochondrial
lysate to study the biochemical
mechanism of RNA editing
in wheat
mitochondria
(Araya et al. 1992). The unedited atp9 transcript (u-atp9) was double-labeled
with
3H at the base and 32P in the phosphodiester
linkage of cytidines.
After incubation with the wheat
lysate, RNA was digested with nuclease PI and submitted to 2D-TLC. Double labeled products
were found to comigrate with UMP and CMP standards. Our results indicate unambiguosly that
the RNA editing proceeds via the deamination
of C residues in plant mtRNAs (Blanc et al.
1995). Using a similar approach with etiolated
pea seedlings,
an independent group confirmed
the role of cytidine deamination
in plant mitochondrial
RNA editing (Yu and Schuster 1995).
The study of the RNA editing process in plant mitochondria
has allowed to find some rare U-toC changes in organellar transcripts
(Malek et al. 1996). This reaction has been explained either
as the result of a reverse reaction of the cytidine deaminase or as a transamination step. When we
incubated the edited atp9 transcript
32P-labeled
in the UMP residues with the mitochondrial
lysate we did not observe any radioactivity
associated
with the C residues suggesting
that the
deamination reaction is not reversible under our assay conditions.
Thus, cytidine demination (C-to-U) in plant mitochondria
(as described
above) and in animals
for the editing of apoB have been shown. Adenosine deamination to inosine (A-to-I) operates in
the case ofglutamic
acid and serotonin receptors in the CNS (Bass, 1 997).
RNA editing of non-coding regions. The role of RNA editing in non-coding regions must be
considered with caution. Editing, upstream of the intiation
codon of Oenothera rpsl4 transcripts,
increase the complementarity
with the 3' end of 1 8S rRNA, suggesting that RNA editing may
help to create a ribosomal binding site. Similar events have been described in the case of wheat
mitochondrial
transcripts
coxll and orf25. It has been reported that about a dozen plant
mitochondrial
genes are interrupted by type II introns. Several cases of RNA editing have been
described in the intronic region. In the case of type II introns the formation of a stem structure is
crucial for the splicing reaction (Farre & Araya 1999). In most intronic RNA editing events, Cto-U changes modify the secondary structure of the edited RNA as well as the group II intron
consensus sequence.
The biological
implication
of RNA editing. While in trypanosomes or Physarum mitochondria,
RNA editing seems to be essential for organelle function by creating the consensus translatable
reading frames, the need for RNA editing in plant mitochondria
is less evident. The main
outcome of RNA editing in plant organelles would be the increase of the homology between the
edited transcript
products (proteins,
rRNAs, tRNA) and their counterpart found in organisms
other than plants. Translation
of partial edited RNAs may generate variant proteins
(Lu and
Hanson 1996)
increasing
the genetic repertoire
of an small genome. RNA editing may be
considered as a correction process leading to the synthesis of functional proteins. This is clear in
the case of wheat coxll transcript. The homologous coxll subunits from other species have a
Cys228 residue which is essential
for the activity of the protein. Only in the wheat coxll gene this
Cys is absent and emerges only after mRNA edition (Covello and Gray 1990). Similarly,
editing
of wheat atp9 and potato apocytochrome b (cob) increases the hydrophobic
character of these
proteins, thus favouring their integration
in the mitochondrial
membrane (Zanlungo et al. 1993).
Moreover, it has been shown that RNA editing allows the conservation of leucine-rich
region in
atp9, atp6, nad3, nad4 and coxll of different species. In our laboratory
we have tested the
function of editing by using transgenic plants. The rationale was to allow the accummulation of
an unedited protein inside mitochondria.
For this purpose, tobacco plants bearing the atp9 gene
fused to a mitochondrial
transit peptide were constructed. These transgenic plants showed
mitochondrial
dysfunction
leading to a male sterile phenotype (see below) indicating
that RNA
editing is crucial for mitochondrial
functions (Hernould et al. 1 998).
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The cytoplasmic
male sterile (CMS) phenotype
and the construction
of CMS plants using
an unedited
mitochondrial
gene and fertility
restoration.
Plant CMS can be defined as a
phenotype produced by the incompatibility
between nuclear and mitochondrial
genomes. CMS
phenotype
may be relied to high recombination,
a step which plays an important role in
modelling the plant mtDNA. Mitochondrial
gene recombination
may lead, in certain cases, to the
formation of chimeric genes. The chimeric proteins may affect normal mitochondrial
function
and lead to the emergence of CMS. Male sterility
has a great importance in agriculture,
since
hybrids seeds carrying propitious
agronomical
traits like heterosis
and hybrid vigor may be
obtained. Several approaches have been used to obtain CMS by artificial
methods. Mariani et al
(1990)
have expressed a bacterial
ribonuclease
(RNase) called Barnase controlled
by a tissuespecific promoter in pollen producing tissues leading to the loss of pollen production.
The same
group induced male-sterility,
restoration
by crossing
the male steriles
plants with plants
expressing an specific Barnase inhibitor.
We have used an approach to impair the mitochondrial
function and thus mimicking CMS. This approach involves the targeting
of the \i-atp9 fused to a
signal peptide allowing it to enter the mitochondria. After integration
of the unedited construct,
in the nuclear genome, transcription
and cytosolic synthesis
of «unedited» proteins, male sterile
plants were obtained (Hernould et al 1993). The male-sterile
tobacco plants obtained using the
unedited mitochondrial
gene were restored to fertility
by crossing
with transgenic
plants
expressing the antisense atp9 mRNA(Zabaleta et al. 1996).
Genetic and cytological
analysis
of CMS transgenic
plants expressing
the engineered
unedited
atp9 gene. Flowers of tobacco expressing u-atp9 exhibited
either semi-fertile
or male
sterile phenotypes.
Studies on a population
of 25 plants of several progenies
showed that: the
CMS character was generally
inherited as a Mendelian trait for 1 or 2 loci, that u-atp9 is
involved in CMS phenotype and stably inherited in the progeny of the original transformants.
Molecular experiments performed in several generations confirmed this genetic analysis (Mouras
et al. 1999). Cytological
studies showed that anthers from tobacco flowers, transformed with the
chimeric u-atp9 gene, present several abnormalities
leading to pollen abortion. The tapetum cells
showed signs of degeneration like loss of cristae and swelling. Mitochondrial
modifications
were
correlated with the presence of u-atp9 transcripts, translation
products and a significant
decrease
in O2 cosumption in non-photosynthetic
tissues (Hernould et al. 1998).
Work is under progress to confirm and improve these results by using tissue specific
promoters controlling
the expression of unedited plant mitochondrial
genes.
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The endosymbiont
hypothesis
for mitochondrial
origin has generally
been
accepted
(Gray 1992).
Recent studies
show that the gene content of the plant
mitochondrial
genome is much larger than that of animals, insects, etc. (Brennicke
et al.
1993).
A striking
example exists in liverwort,
lower plant, in which 16 kinds of
ribosomal protein genes have been identified,
respectively,
whereas none of these genes
are encoded in mammals and yeast (Oda et al. 1992).
Several plant mitochondrial
genomes have been shown to contain pseudogenes,
and the total gene content of the
mitochondrial
genome is not always.the
same among higher plant species including
even evolutionarily
related
species.
These observations
suggest that gene-transfer
events from the mitochondrion
to the nucleus are carried out by an active process in
plants.
The existence
of such a process has been firstly
established
recently
by
isolation
of mitochondrial
genes transferred
to the nuclear genome, such as coxll genes
from cowpea (Nugent and Palmer, 1991).
However, knowledge of gene transfer
followed by a gene activation
process is still very limited.
In order to investigate
content of ribosomal
protein genes in higher plant
mitochondrial
genome, DNA gel blot analyses
were conducted.
Sixteen
kinds of
ribosomal protein gene from liverwort mitochondrial
genome were used as probe and
rice and pea were selected as plant materials.
Apparent difference
between the two
plants was identified
in probe rps2, rpslO, rpsl3 and rpl2 (Fig. 1). Absence of signal
in mitochondrial
genome strongly suggest that functional
copy is present in nuclear
genome because the gene product is essential
for biogenesis
of mitochondria.
These
results show that plant mitochondrial
genome has great genetic diversity
and will be a
good material to know mitochondrial
genome evolution.
Here, we report two cases of gene-transfer
event and a process of acquisition
for a
targeting
signal as well as a nuclear expression.
The rice mitochondrial
genome has
sequences homologous to the genes for ribosomal
protein Sll (rpsll)
and S14 {rpsl4),
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but both of them are interrupted
by internal stop codons.
Functional
rpsll and rpsl4
genes were isolated from rice nuclear genome separately,
suggesting
gene-transfer
event
from the mitochondrion
to the nucleus during flowering plant evolution.
First case is analysis
of rpsl4 gene (Kubo et al. 1999).
The nuclear rpsl4 gene
encodes a long N-terminal
extension
showing significant
similarity
to a part of
mitochondrial
succinate dehydrogenase
subunit B (SDHB) protein from human and a
malarial
parasite {Plasmodium falciparum).
Isolation
of a functional
rice sdhB CDNA
and subsequent sequence comparison to the nuclear rpsl4 indicates
that the 5' portions
of the two cDNAs are identical.
The sdhB genomic sequence shows that the
SDHB-coding
region is divided
into two exons. Surprisingly,
the RPS14-coding
region is located between the two exons. DNA gel blot analysis
indicates
that both
sdhB and rpsl4 are present at a single locus in the rice nucleus.
These findings
strongly suggest that the two gene transcripts result from a single mRNA precursor by
alternative
splicing
(Fig. 2). Protein blot analysis
shows that the size of the mature
RPS14 is 16.5 kDa, suggesting
removal of the N-terminal
22.6-kDa peptide
region.
Considering
that the rice mitochondrial
genome lacks the sdhB gene but contains the
rpsl^-related
sequence, transfer of the sdhB gene seems to have occurred before the
transfer of the rpsl4 gene. The migration of the mitochondrial
rpsl4 sequence into the
already
existing
sdhB gene could bestow the capacity
for nuclear expression
and
mitochondrial
targeting.
Second is case ofrpsll
gene (Kadowaki
et al. 1996).
The gene, sll-1, encodes
an N-terminal extension as well as organelle-derived
RPSll region.
Surprisingly,
the
N-terminal region has high amino acid sequence similarity
to the presequence
of beta
subunit of ATP synthase from plant mitochondria,
suggesting
common lineage of the
presequences.
The deduced N-terminal
region of sll-2,
a second nuclear-encoded
homologue to the rpsll, shows high sequence similarity
to the putative presequence
of
cytochrome oxidase subunit Vb. The results that sharing of N-terminal region together
with its 5' flanking
non-translated
nucleotide
sequence for different
proteins
strongly
suggest an involvement
of duplication/recombination
for targeting
signal acquisition
after gene migration.
A remnant of ancestral
rpsll
sequence, transcribed
and
subjected
to RNA editing,
is found in the mitochondrial
genome, indicating
that
inactivation
of mitochondrial
rpsll gene expression
was initiated
at the translational
level prior to termination
of transcription.
A mitochondrial
sequence that has migrated into a nucleus needs to acquire many
sequence elements (e.g. promoter, mitochondrial
targeting signal for protein import, and
polyadenylation
signal)
for its functional
expression
because of the difference
of gene
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Fig. 2. Schematic representation
of rice nuclear rpsl4 and sdhB genes.
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Rice is one of the principal

sources not only in carbohydrates

but also in protein in

Asian peoples as well as African peoples.
40 to 80 % of the daily caloric intake of
people in these countries is derived fromrice. Rice also contributes 20 to 40 % of the
proteins in the Asian diet. Overall, the quality and the composition of endosperm
storage starch and storage proteins affect greatly on the cooking and processing qualities
of rice.
Therefore, the development of improved germplasm with superior nutrisional and
cooking quality is one of the most important subjects on rice breeding. Although the
artificial

mutation technique

is one of the useful methods to develop the novel genetic

resources, spontaneous mutations preserved in the local rice germplasm are the most
important genetic resources. A wide range of variations was observed not only for the
storage starch but also for the storage proteins among the local rice cultivars collected
fromdifferent countries, as well as for other agronomically important characters such as
yield, heading

date or disease tolerance.

Diversity in seed storage proteins
Nutritional values of rice are determined mainly by its storage proteins

in a grain.

The proteins

molecular

are composed of many kinds of polypeptides

having different

weight, electric charge or amino acid composition.
These storage proteins of rice are
accumulated in the subcellular
proteinaceous particles, such as protein bodies (PB) in
starchy endosperm and aleurone particles in aleulone layer.
Two or three types of PB
were observed in the starchy endosperm of rice seeds under an electron microscope
(Tanaka et al. 1976;
1980;

Harris and Boulter 1977;

Oparka and Harris 1982).

Wu and Chen 1978;

Tanaka et al. (1980)

isolated

Bechtel

and Juliano

two types of protein
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bodies

in the starchy

each other
digestibility
prolamins

endosperm of fice, PB-I and PB-II, which are characterized

by difference

in the morphology,

by pepsin.

PB-I is spherical

(alcohol

with different

soluble

apparent

(acid

bands ( a subunits)
kD globulin,
collected

a lamelar

proteins)

isoelectric

with no lamellar
consisting

from different

points.

structure

and contains
groups

When the seed storage proteins

countries

(preserved

subunit

glutelins

polypeptide
), and 26

of local rice cultivars

in Kyushu University)

in proteins

is stained

bands ( j3 subunit

protein.

SDS-PAGE and IEF, a wide variation

PB-II

and contains

of 37-39 kD acidic

and 22-23 kD basic sabunit polypeptide

salt soluble

structure

and the

of more than 4 major polypeptide

components with different

soluble

composition

masses (MMr) from 10 to 16 kD, which were each

by osmium tetraoxide

or alkaline

with

consisting

molecular

composed of several
homogeneously

proteins)

the polypeptide

from

were analyzed by

was observed in both glutelins

and

prolamins.
Glutelin

: Glutelin

a and /3 subunits

in a japonica

rice cultivar

IR36 were separated

(Fig.

The a bands were designated

la).

37kD)

and j3 -3 (22kD).

IR36,

Kinmaze and an indica

into four and three bands, respectively,

and a -4 (34 and 33kD),

(22.5kD)

rice cultivar

as a -l(39kD),

a -2(38kD),

whereas, j3 bands were designated

by SDS-PAGE
a -3 (37.5

as ]3 -l(23kD),

storage proteins

of about 1400 rice cultivars

The remarkable

variation

The seed

from Asia were analyzed by SDS-PAGE.

was found on the MMr of the a -3 and a -4 bands of these

Some of the cultivars

corresponding

j3 -2

The a -3 band ofKinmaze was smaller in MMr than that of

while a -4 band of Kinmaze was larger in MMr than that of IR36.

cultivars.

and

to 37.5 and 37kD.

such as IR24

have two a -3 bands with MMrs

In the & subunit,

a few cultivars

have the j3 -4 band

(21kD).

In IEF analysis,
7.5 for a
dimentional

glutelins

were separated into eleven bands ranging from pH 6.2 to

subunit, and nine bands from pH 7.8 to 8.4 for # subunit.
The two
electrophoresis
(IEF/SDS-PAGE)
showed that the respective SDS-PAGE

bands consists of several IEF bands and almost all IEF bands were detected as single
spots. A wide range of variations was observed in IEF band pattern of both subunits
amongthe cultivars,
the staining
differed

intensity

such as the number of bands, the presence or absence of bands, and
(Fig.

among the cultivars.

lb).

In the j3 subunit,

A close relationship

the pi and the number of bands
was not observed in the band pattern

ƒÀ
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between the a and
Prolamins:
IR36

In SDS-PAGE analysis,

(indica

rice cultivar)

16 kD polypeptide
analyzed,

prolamins

were separable

groups (Fig

1).

in Kinmaze (japonica

15.5kD

A large variation

and 14kD polypeptide

from Bangladesh.

was observed
intensity

and

among cultivars

of 1 5kD and 13kD bands.

bands was found in some of rice cultivars

Based on the SDS-PAGE profiles,

7 types.

rice cultivar)

into four major bands, that is, 10, 13, 15 and

in the presence or absence and the staining

Furthermore,
collected

subunits.

classified

into at least

Generally,

the cultivars

Southeast

Asian countries showed a wide range of variation

the cultivars
collected

tested

were

from South and

in prolamin

polypeptides

as

compared with Japanese cultivars.
A wide range of variations
number and staining

intensity

in prolamin

of bands differed

major band varied from 6 to 15.
be classified

detecting

prolamin

variations

Seed storage proteins
which is cultivated

The IEF analysis

of Oryza glaberrima
of glutelin

seems to be quite effective

of O. glaberrima

Steud in addition

by SDS-PAGE and IEF (Fig.
were clearly

to the a -1 subunit.

Similarly,

observed between O. glaberrima

and O. sativa L.

collected

starch

was also observed

from South Asian and East African countries,

dij estibi l ity.

in
rice,
2).

from those of

by the absence or

The a -3 subunit was also absent in some

into three major groups (Fig.

in endosperm

different

Steud. was characterized

SDS-PAGE was also classifiable

Diversity

was much

Steud., another kind of cultivated

polypeptide

lower amount ofa -1 subunit.

of 0. glaberrima

can

among the materials

to African countries

in Western Africa, were analyzed

Oryza sativa L. Glutelin

tested

as well as glutelins.

SDS-PAGE and IEF profiles
the extremely

The range of variations

The

The number of

showed that the cultivars

Asian countries in addition

wider than that of Japanese cultivars.

by IEF analysis.

among the cultivars.

The IEF profiles

into more than 15 types.

from south and Southeast

was also detected

the prolamin

profile by

2A). The difference

among local

was

rice cultivars

for amylose content and alkali

Fig. l Erectrophoretical

analyses

A.SDS-PAGE

analysis
b:IR36

analysis

of glutelins.

l:Kinmazc
9:IR24

Fig.2

2:HO380

10:HO413

Erectrophoretical

BIEF analysis
l:Kinmaze

3:HO528

1!:HO1233

analyses

A.SDS-PAGE analysis

L.

of seed storage

a: Kinamze
B.IEF

of G.sativa

proteins

4:HO952
12:HO1415

of O.glaberrima

5:HO473
13:HO639

6:HO62t-t

7:ALO1001

14:HO1421

I5:HO1438

Steud.

of seed storage proteins

of glutelins.
2:IR36

3:ALO1120

4:ALO1108

5:ALO1018

6:ALOI112

7:ALO1144

8:IR36
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Problems of genetic and molecular approaches to the hereditary
improvement of the quantitative
characters of crops
In 1935 year N.I. Vavilov
inheritance
of quantitative
Mendelian conceptions".

wrote: "We shall not be suprised if a comprehensive
study of
characters will result in the radical revision of the simplified

Begining from 1984 in the Laboratory of Ecological Genetics of plant quantitative
characters
(VIR) we studied the ways "product of gene (or metabolic way) - quantitative character" (1)
in parallel with traditional
approach: study the ways "gene - product of gene". On the way (1)
we found the phenomenon of redetermination
of genetical formula (spectrum of genes) of
quantitative
character, when the limiting factor of environment is change. This phenomenon
quite usual and widespread for any polygenic
complex of characters and sometimes for
classical
major genes. For example: phytoantisipins
constantly
present in leaf cells of rust
resistant genotypes but it does not determine the genetic variance between resistant and not
resistant varieties if the rust in absent. But on the background of rust phytoantisipins
begin
determine the genetic variance between varieties for many quantitative
characters
For some characters like intensiveness
of transpiration
or intensiveness
of photosynthesis
spectrum of genes, which determine polymorphism of these characters, change several times
perday.
Proceeding from the phenomenon of redetermination
of spectrum of genes we developed a
new theory of ecology-genetical
organization of quantitative
characters. Fig. l demonstates the
essense of this new theory. From Fig.l it follows that if a component character "number of
grains per plant" (NG) is influenced by drought and a character "mass of one grain" (MG) by cold, then the genetic nature of a resulting character:
the "mass of grains per plants"
(RCh), cannot be described either by the lanquage of traditional
mendelian genetics, or by the
language of molecular genetics, or by the language of any branches of genetics existing at
present.
The truth is in the fact that genetic variability
of NG is determinated by polygenes for drought
resistans MG - by polygenes for cold hardiness and RCh by both clusters of polygenes
accompanied with the drift in time and multiplicative
effect (NG multiplied
by MG, gives
RCh). So, the real nature of the initiation
and development of RCh can be described only by
the lanquage of the theory of ecology-genetical
control.
Some consequences from this theory: nature of polygenes. In very short interval of time any
quantitative
character have typical monogenic determination
according to the principal
of
Justus Libih. Polygenic picture - it is result of redetermination
of spectrums of genes (or
metabolic ways) in time by lim-factors of environment (or other). Ecology-genetical
theory
contradict to MAS (Marker assistance to selection).
The labile genetic formula (spectrum of
genes) of a complex character cannot correlate with any rigid structure of
•E 190000,

StPetersburg,

Bolshaya

Morskaya street 44

Fig. Three models of organization

of quantitative

characters.

Nature of transgressions
and prediction of their appearance in particular hybrid populations.
If
formation of productivity
takes place in a breeding zone against the background of one and
the same lim-factor (for example drought on virgin soils of Kazakhstan),
the transgression for
productivity
can be obtaind from the crosses of a drought resistant variety (producing
the
maximumof dry biomass per unit area) and a variety carrying good polygenes of attraction
(affecting
the distribution
of products of photosynthesis
from straw and leaves into an ear). If
breeding is carried in Western Siberia (in the period NG initiation
it is drought, and in the
period of MG formation it is cold) the transgression
for productivity
will be obtaind as a result
of crossing a drought resistant variety with a cold hardy one (by combination of two systems
of adaptivity)
and the like.
Nature of ecologically
dependent heterosis and prediction
of its manifestation
under the
conditions
of ecological
or competitive
limitation
of growth processes. If drought resistant
and cold hardy genotypes are crossed and then the parents and Fi plants are grown against the
background, when NG is formed under drought, and MG - under cold conditions the Fi plants
will surely display
heterosis
dlue to the recombination
of genes spectrum within the
components of the module of RCh.
Nature of effects of a genotype - environment interaction (GxE) and prediction of this effect
in different environments. If we planted two varieties (one - drought resistant another - cold
hardy) at two geographical
locations (drought and cold), we must have changing of grades of
productivity
- typical phenomenon GxE interaction.
Nature of GxE interaction
it is
redetermination
of the spectrum of polygenes under quantitative
characters
in result of
changing of lim-factors of environment.
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Possibilities
of prediction
the configuration
of graphs of Hayman and the ranks of parameters
of Hayman without accomplishing
the genetic analysis in the diallel
crosses. If we intend to
include in the matrix of diallel
crosses Swedish (cold hardy) varieties
and the varieties
adapted to the Saratov Region (drought
resistance)
and to carry out the experiment in the
Tyumen Province of Siberia (drought in spring influences the character NG and early colds in
autumn influence the character MG), then for sure we shall obtain the graph of Hayman for
the "mass of grains per plant" character with a strong effect of "overdominance" (the
regression line will cross X-axis far away from the zero point of coordinates).
The most importaut
than32.

consequences

from the new theory:

commonnumber of its now more

Dragavtsev V.A. 1996.Literature.
Algorithms
of an ecologo-genetical
and methods of creating the varieties
of crop plants for yield
N.I.Vavilov Federal Center of PGR, St.-Petersburg.

survey of the genofond
resistance
and quality.
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Conservation of the biodiversity
of the wild relatives of crop plants and its efficient
management and utilization
in crop improvement is critical for food security of the world.
Beginning in the early 1980s, the Wheat Genetics Resource Center (WGRC) at Kansas State
University assembled a working collection
of wild relatives of wheat for gene and allele mining
and germ plasm development using the tools of genetics/breeding,
cytogenetics,
and genomics.
Information on the collection,
including
evaluation for useful genes and their transfer to wheat
and list of germ plasm releases and research publications
is available
on the WGRC website
(www.ksu.edu/wgrc/).
For this presentation,
we will focus on Aegilops tauschii, identified
as
the D-genome donor of bread wheat in the 1940s.
Genetic system: The first prerequisite
for the efficient utilization
of a wild species is its
genomic analysis and then developing a system for genetic analysis and genetic manipulation
by a system of wild species/crop
plant shuttle crosses. Aegilops tauschii is self pollinated,
and a single plant can produce several thousand seeds. The DNA content (4,500 Mb) is the
lowest among the three genomes of wheat. The individual
chromosomes can be identified
by
C-banding (Friebe et al. 1992) or FISH (Rayburn and Gill 1986).
The species is amenable to
diploid
genetic analysis or diploid/polyploid
shuttle mapping with bread wheat (Kam-Morgan
et al. 1989).
A high-density,
genetic map has been constructed (Gill et al. 1991, Boyko et al.
1999).
A BAC library is available
(Moullet et al. 1999).
Genetic resources: Kihara, Yamashita, and Tanaka led the first Kyoto University
expedition
in 1955 to Pakistan, Afghanistan,
and Iran and collected
179 strains ofAe. tauschii from 106
different habitats (Kihara et al. 1965).
At present, the world collection
of Ae. tauschii
contains 1,285 accessions of which approximately
400 are maintained at the WGRC. The
world collection
does not fully cover the geographic
range of the species. To fully assess the
genetic variation of this species, additional
collections are needed to fill the gaps in the
collection.
Genetic diversity:
Kihara et al. (1965)
were the first to document the
diversity
in Ae. tauschii.
Since then, the collection
has been extensively
for pest resistance (Gill et al. 1986), RFLPs, and other agronomic traits
Dvorak et al. 1 998, and references cited therein).
Geographical
regions
the analyzed traits have been documented.
Gene and allele mining:
turgidum and Ae. tauschii

tremendous genetic
evaluated for variation
(Lubbers et al. 1991,
of genetic diversity
for

The resynthesis
of bread wheat from a cross between Triticum
(McFadden and Sears 1 944), was followed by the production of
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numerous synthetic wheats (Kihara et al. 1965).
A large number of disease and insect
resistance genes have been transferred from Ae. tauschii to bread wheat via direct crosses or
through the production of synthetic hexaploids
(Gill and Raupp 1987). Several genes have
been tagged with molecular markers (Ma et al. 1993, Huang 1998, Raupp et al. 2000). DNA
primer sequences for an RGA-like marker that detects all alleles at the Lr21 locus (Huang
1 998) and cloned puroindoline
(the hardness locus) genes (Lillemo and Morris 2000) have
been used for allele mining. There appear to be at least eight functional alleles at the Lr21
locus and almost a dozen at the hardness locus. Table 1 summarizes the current status of the
mapped Ae. taushii-denved
resistance genes for leaf rust and Hessian fly in wheat.
T a b le 1 . D e s ig n a te d g e n e s fo r re sista n c e to le a f ru s t (L r ) a n d H e ss ia n fly (H ) tr a n s fe r re d fro m
A e . ta u s c h ii in to b re a d w h e a t.
G en e

G e r m p la s m

C h ro m o so m e
lo c a t io n

R efer en c e

L r2 1

T H * 6 / R L 5 4 0 6 (SH )

ID S

R o w la n d a n d K e rb e r 1 9 7 4 .

L r2 2 a

T H * 6 / R L 5 4 04 (S H )

2D S

R o w la n d a n d K e rb e r 1 9 7 4 .

L r3 2

T H * 7 / R L 5 4 9 7 (S H )

3D S

K e rb e r 1 9 8 7

L r3 9

T A 1 6 7 5 / 2 * W I ( 8 6 ‑ 3 2 0 ‑2 0 )

2D S

R a u p p e t a l. 2 0 0 0

L r4 0
(L r 2 1 a lle le ? )

W G R C 2,W G R C 7
T A 16 4 9 / 2 * W I

ID S

H u an g 1 9 9 8

L r4 1

W G R C l0
T A M lO 7 *3 / T A 2 4 6 0

ID

C o x e t a l. 1 9 9 4

L r4 2

W G R C l1
C T Y *3 / T A 2450

ID S

C o x e t a l. 1 9 9 4

L r43

W G R C 16
T M P 6 4 /3 / L S 8 0 1 0 ‑7 1 /
T A 2 4 7 0 // T A M 2 0 0

7D S ?

C o x e t a l. 1 9 9 4

H I3

K S 8 1 H 16 4 0 H F
K U ‑2 2 1 ‑ 1 4 / E a g le // N E 7 3 6 4 0 /
C h e n ey

6D L

G ill e t a l . 1 9 8 7

H 22

W G R C 1
T A 1 6 4 4 / N e w to n // W I

ID

R a u p p e t a l. 1 9 9 3

H 23

W G RC 3
T A 16 4 2 / 2 *W I

6D

R a u p p e t a l. 1 9 9 3

H 24

W G R C6
T A 2 4 5 2 / T A 1 6 4 2 / 2 * W I 73 /
N W T

3D

R au p p et al. 19 9 3

H 26

K a rl * 3 / T A 2 4 7 3

4D

C o x a n d H a tc h e tt 1 9 9 4

98
Genomics: Aegilops tauschii is not only the source of useful genes for wheat breeding but its
genetic system can be exploited
via diploid/polyploid
shuttle mapping for tagging and cloning
of useful genes in the D genome of bread wheat. Several dozen resistance genes transferred
from Ae. tauschii into wheat are good candidates
for this approach.
First, a closely identified
marker tighly linked to the target gene is identified
in wheat. This probe is then used to
identify
a BAC clone(s) from the Ae. tauschii library for chromosome landing. The highresolution
mapping populations
may be constructed in wheat or Ae. tauschii.
Mutants of the
targeted gene also may be isolated in the donor Ae. tauschii accession or the recipient
wheat
line for genetic complementation.
Recently, a large project under the auspices ofNSF plant
genome research program has been initiated,
and our laboratory is collaborating
with Jan
Dvorak, Hongbin Zhang, and Olin Anderson to develop a global BAC-contig map of the Ae.
tauschii genome anchored to the seven D-genome chromosomes of wheat. This map will be an
indispensable
resource for the map based cloning of genes in wheat.
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Expansion of available

genetic

resources for wheat improvement by

super-wide hybridization
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Although

many landraces

Kishii

for crop improvement,

challenged

as to how to use this biodiversity

their

are maintained

use for breeding
for practical

Genetic resources of wheat are usually classified
relatedness

of the genomes.

common wheat
processes.

(genome;

These genetic

in the secondary

for Biological

in the world as genetic

is still

limited.

We are

crop breeding.
into three categories

The genes in the species

which the genome constitution

Institute

Science, Yokohama City University)

and wild species

resources

(Kihara

and Aegilops

of

is AA, DD, AABB or AABBDD can be introduced

to

AABBDD)

through

resources constitute

of Triticum

based on the

ordinary

the primary

meiotic

recombination

gene pool of wheat.

gene pool are those in A or D genome of polyploid

species

Genes
in which

genomes other than A or D are also present, e. g., AAGG, DDMMor CCDD. To use
germplasm of these species
The tertiary

gene pool includes

of wheat.

difficult

it is to obtain

genera

are easily

produce
collections
addition,
viewpoint

of the genetic

hybrids
crossed

with

of barley

between

At present

of wheat genetic resources.

that are far-related

species

Aegilops,

to following
Secale,

five

Dasypyrum

embryos expanded available

we assume that it should

any two species
species

belonging

Treatment of plant hormones to ovaries

of hybrid

should be re-evaluated
Triticeae

Species

Triticum,

(=Thinopyrum).

for wheat breeding.

perennial

wheat;

and culture techniques

hybrids

methods are necessary

resources for wheat is based on how easy or

and the progenies.

and Elytrigia

after pollination

from those

or homoeologous recombination.

Another classification

{^Haynardia),

is necessary.

genes located on genomes that are different

To transfer the genes to a wheat chromosome, special

to induce translocation

resources

removal of the GG, CC and MM genome(s)

belonging

to tribe

genetic

be possible

Triticeae.

Large

as genetic resources for wheat breeding.

used as range crops should
Maize, sorghum, pearl millet

from wheat may be used as genetic

be studied
and Job's

resources

to
In
from
tears

for wheat
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improvement because it is known that the male nucleus of the pollen
can fertilize
early

with wheat egg nucleus,

embryogenesis.

resources.
Followings

Special

though

of these species

their chromosomes are soon eliminated

technique

have to be developed

are our recent approaches

to expand wheat genetic

to utilize
diversity

in
these

by wide

and super-wide hybridization.
1. Production

of Leymus racemosus chromosome addition

L racemosus (= Elymus giganteus)
species

of Triticeae

species

grows in sandy soil,

long strait

spikes

(> 30cm),

Fusarium scab.
Bulgaria.

(CS),

backcrossed
disomic
cloned

We collected
treated

2,4-D to the ovary,

probed

racemosus enabled
addition

with these

2. Psathyrostachys
P. huashanica

'Chinese

embryos.

We

monosomic additions

and

DNA sequences.
sequences

Fluorescence

and also genomic

in situ

DNA of L

Now we have produced

nine

14 lines.
in commonwheat

is a diploid

(genome;

growing in rocky open slopes

Province,

BlFl

in

each L. racemosus chromosome, we

repetitive

NN) species

China.

to commonwheat 'CS' and obtained

The shape of leaves

and spikes

of this

The Fl was backcrossed

We are nowisolating

plants

carrying

from the B2F1 and B1F2 generations.

in the genera Lolium, Festuca, Bromus and Avena to wheat

Lolium, Festuca, Bromus and Avena are not included

in

are very

We crossed the pollen

the Fl hybrid.

plant was obtained.

one or a pair of chromosomes of P. huashanica
species

seacoast

chromosome addition

with CS and one fertile

and

and pests including

the hybrid

and selected

This

leaves

in the Black

and rescued

from those of wheat and of L. racemosus.

3. Crossing

large thick

to the commonwheat cultivar

To identify
repetitive

Europe.

huashanica

Mt. Huashan in Shaanxi
species

NNXX) and perennial

stresses

species

the chromosomes to be identified.

lines out of a possible

different

of this

of this species

in the progeny.

produces

to many abiotic

the seeds

three L racemosus specific

hybridization

by rhizomes,

the Fl with commonwheat pollen

additions

(genome;

Asia and North and Eastern

and is resistant

We crossed the pollen

Spring'

is a tetraploid

that grows in Central
propagates

lines in common wheat

in Triticeae

but are relatively
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closely

related

their

basic

Festuca

to Triticeae

genera.

The chromosomes of these genera are large and

chromosome number is 7.
ovinata,

Bromus catharticus,

We crossed
Avena sativa,

commonwheat.

However, no embryos appeared

were occasionally

formed in the ovule.

4. Introduction

is known to fertilize

though

eliminated

the wheat genome. If it is possible,
wheat breeding.

Considering

pollination,

that the elimination

we tried

obtained

wheat

determine

what events take place

to induce

haploids

24h

with

maize

unidentified

to

lumps of cells

with

Technovit

translocation

after

between

pollination.

resources

for

wheat and maize

However, we could not

chromosome segments.

It is important

to

and to know what is the cause for
process

We first confirmed fertilization

in situ hybridization

to the sectioned

7100

we developed

resin.

wheat

maize chromosome segments into

Thus we observed the fertilization

wheat egg and maize sperm nucleus.
by fluorescence

in early embryogenesis,

of maize chromosomes occurs a few

after pollination

maize-chromosome elimination.

embedded

Avena species

we could regard maize as the genetic

chromosome by X-ray irradiation

male nuclei

multiflorwn,

from the embryos, forming

The main goal of our study is to introduce

after

and diploid

the wheat egg, although

maize chromosomes are preferentially

days

of Lolium

of maize chromosomes to wheat

Maize pollen
haploids.

pollen

Later

between

of the female and
embryosac
the

method

cells
for

whole-mount FISH and observed the dynamics of maize chromosomes in wheat cells in
detail

using a confocal

laser microscope.

Crops had been improved
progressed

remarkably

establishing

methods

during their long history
progressed

greatly

of crop improvement.

At present,

we can introduce

any genes

modified

are grown

and circulated

commercially.
are not totally

with some modifications.
of genetic

to

and contributed

widely

importance

has

20 century

in vitro to most crop species.

organism(s)

Genetics

in the

cloned

the transformation

of their cultivation.

resources

Many genetically

However, we should not forget that genes used in
synthesized

artificially

Consequently,

but are isolated
we should

even if gene transformation

for crop improvement in the future.

cultivars

from an

keep in mind the

becomes the main method
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Introduction
The major component of wheat grain endosperm is starch, accounting for about two-thirds of
the weight offlour,
as it does in other cereal grains, such as rice and maize. Thus, starch
should influence
the physico-chemical
properties
and end-use of wheat flour.
Starch is
composed of glucose polymers and can be divided into two kinds, amylopectin
and amylose.
Amylopectin
is a branched glucose polymer while amylose is a much less branched
or
essentially
linear polymer.
To characterize
starch, its amylose content (%) is often used. Amylose content is roughly
about 25% in normal cereal starch.
Compared to rice and maize, the amylose content of
hexaploid
wheat (Triticum aestivum L.) starch is relatively
constant.
For example, in rice and
maize starches from grain endosperm, an amylose-free phenotype (called 'waxy' or 'glutinous')
and a high amylose one exist, but both were absent in wheat. In this paper, I will describe
development
of two new starches in wheat, 'waxy' and 'high amylose'.
Analysis
of
germplasm diversity
in proteins
(enzymes)
for starch synthesis
enabled their production.
These novel starches are expected to be utilized for food and various industries.
Finding of deficiency for Wx proteins (GBSS I) responsible
for amylose production
In Japan, domestic wheat is mainly used for 'udon' noodles.
Therefore, breeding new wheat
cultivars
with good noodle making quality is important to Japanese wheat breeders.
On the
other hand, wheat imported from Australia is known to be superior to Japanese wheat in some
points, such as glutinosity
of cooked noodles, because Australian wheat is more glutinous than
standard Japanese varieties,
and the Japanese tend to prefer to some glutinosity.
Since low
amylose rice is more glutinous when cooked, the amylose content of Japanese wheat was
measured by Hoshino et al. (1985)
and Kuroda et al. (1989).
They found a correlation
between amylose content and glutinosity
of cooked noodles, and that two wheats, Kanto 79
and Kanto 107 (progeny of Kanto 79), contained comparatively
little amylose (22%) in 191
cultivars (average ca. 28%).
This finding prompted us to analyze the Wx (waxy) protein in
the Kanto lines.
Since the Wx protein (granule-bound
starch synthase I; GBSS I) is responsible
for amylose
production,
we predicted that the Wx protein may have mutated in Kanto 79 and 107. The
results of SDS-polyacryl
amide gel electrophoresis
(SDS-PAGE)
showed that the amount of
Wxprotein in the Kanto lines decreased because they produced a thinner band ofWx protein
on electrophoretic
gel than did the control wheat (Yamamori et al. 1992).
Thus, the Kanto
lines were subjected
to two dimensional
(2D) gel electrophoresis
which can more minutely
analyze proteins on gel than SDS-PAGE.
The 2D electrophoresis
(Nakamura et al. 1993a)
separated wheat Wxproteins into three spot groups (Fig. 1). These were called Wx-Al, WxBl and Wx-Dl proteins derived from three genomes of wheat, A, B and D, respectively.
In
the Kanto lines, both Wx-Al and -Bl proteins were absent, only Wx-Dl was present
(Nakamura et al. 1993b).
Therefore, we concluded that the lack of the two Wx proteins was
the cause for reduced Wx protein level and low amylose in the two Kanto lines.

Fig.

1 SDS-PAGE

and 2D electrophoretic

profiles

of the Wx protein

and SGPs in hexaploid

wheat
Production
of waxy (amylose free) wheat
In Kanto 79 and 107, only the Wx-Dl protein synthesizes
amylose.
Therefore, if the Wx-Dl
protein in the Kanto lines could be nullified
by some method, we would obtain waxy (amylosefree) starch of wheat. One method we used was to find a wheat without the Wx-Dl protein in
the world germplasm (Yamamori et al. 1994), cross it to Kanto 107, then obtain waxy character
in the progeny (Nakamura et al. 1995).
Another way was to induce artificial
mutation for
Wx-Dl protein in Kanto lines.
Yasui et al. (1997)
succeeded in obtaining
waxy starch by
mutagen (EMS) treatment.
Weexamined 1,960 accessions for the presence and absence ofWx-Al and 1,551 for those
ofWx-Bl and Wx-Dl. One Chinese wheat, Bai Huo, lacked the Wx-Dl protein and about
10% of accessions examined were deficient in either the Wx-Al or Wx-Bl protein (Table 1).
From the cross between Kanto 107 and Bai Huo, a waxy wheat was produced at the expected
frequency of three independent
genes, 1/64.
The waxy wheat starch turned reddish-brown
with iodine staining, which is indicative
of a waxy phenotype.
Table

From a different
wheat bred in Japan
in X-ray diffraction,
thermogram, unique
milling yield (Yasui

Genetic

elimination

1

Wx protein and SGP-1 deficiency

in wheat germplasm

cross, Kiribuchi-Otobe
et al. (1997)
also produced
shows novel properties
of starch of flour, including
a high gelatinisation
enthalpy in DSC (differential
pasting property in RVA (Rapid Visco Analyzer)
et al. 1996; Hayakawa et al. 1997; Kiribuchi-Otobe

of a starch

granule

protein,

SGP-1, produced

a waxy wheat. Waxy
high starch crystallinity
scanning calorimetry)
analysis,
and lower
et al. 1997; etc.).

apparent

high amylose
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starch in wheat
Starch granule proteins (SGPs)
are bound to starch, even after flour is washed by a buffer
containing
a detergent
(SDS).
SGPs can be dissolved
and analyzed by SDS-PAGE when
starch is boiled and gelled in a buffer containing
SDS. Besides the Wx protein, wheat starch
has three SGPs, i.e., SGP-1, SGP-2 and SGP-3 (Yamamori and Endo 1996).
SGPs are
assumed to be entrapped within starch granules as starch grows. Recent molecular studies (Li
et al. 1999) show SGP-1 is starch synthase II (SS II) for producing
linear glucose polymer
(probably)
ofamylopectin.
SGP-2 is branching enzyme II (BE II) and SGP-3 is SS I.
SDS-PAGE separated SGP-1 into three bands, i.e., SGP-A1 from the A genome, -Bl from
the B genome and -Dl from the D genome (Fig. 1). Thus, we could examine the loss of three
SGP-1 classes by SDS-PAGE (Yamamori and Endo 1996).
In the 1,9.60 accessions
of wheat,
we found three lacked SGP-A1, one lacked SGP-B1 and one was missing SGP-D1 (Table 1).
Like the Wx-Dl protein, these three kinds of SGP-1 deficiencies
were infrequent.
Thus, from
the cross among the three accessions,
a wheat carrying no SGP-1 was bred in order to elucidate
the effect of complete SGP-1 deficiency on starch (Yamamori et al. 2000).
The starch from
this SGP-1 null wheat generated a higher blue value and showed an apparently
higher amylose
content by both colorimetric
and amperometric
titration
methods
(Table
2).
Light
microscopic observation
indicated
that starch granules were deformed and their hila seemed to
crack in SGP-1 null starch.
These facts indicate that SGP-1 is necessary for normal starch
formation.
Table 2

Starch properties

of SGP-1 null (high

amylose)

and control wheats

A high amylose starch of wheat showed novel starch properties
In a high amylose mutant of maize, increased long chains of amylopectin enhance both apparent
amylose content and blue value.
Thus, the amylopectin structure of the high amylose wheat
was examined by high-performance
size-exclusion
chromatography
(HPSEC)
and highperformance anion exchange chromatography
with a pulsed amperometric detector (HPAECPAD) (Yamamori et al. 2000).
HPSEC detected an increase in high molecular weight fraction
(Fr. I) and an abnormal shoulder in low molecular weight fraction (Frill).
Since Fr. I is
believed to consist ofamylose and a long chain of amylopectin, apparent high amylose would be
due to the increased Fr. I. Since Fr. Ill contains shorter chains of amylopectin,
a shoulder in
Fr. Ill means a varied structure of the amylopectin.
HPAEC-PAD detected chains of degrees
ofpolymerization
(DP) 6-10 increased and DP 1 1-25 decreased in the amylopectin
of the high
amylose starch.
These results demonstrate
an abnormal structure of amylopectin,
especially
short chains.
Since amylopectin
forms the crystalline
structure of starch, variant amylopectin
in high
amylose starch might influence it. Crystallinity
of the high amylose starch was examined by
DSC, X-ray diffraction
and a polarized
microscope.
DSC analysis did not detect a major
endothermal
peak deriving from amylopectin
disruption.
Major peaks caused by starch
crystallinity
did not appear in the X-ray diffractogram
(Table 2). Further, microscopy did not
find a polarized
cross on starch granules.
The absence of the major peaks in the DSC
thermogram and X-ray diffractogram,
and lack of polarized
cross, mean that the high amylose
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starch lacks crystallinity.
The starch swelling power of the high amylose was less than that of normal amylose starch.
This indicates
a possibility
that the gelatinisation
property varies.
Conclusion
By genetically
eliminating
enzymes for starch synthesis in wheat, we developed waxy and high
amylose starches which had not existed before.
Three null alleles for Wx protein and SGP-1
(SS II) from the A, B and D genomes were identified
by gel electrophoresis
in our study.
If
some method can be established
to recognize defects in three isoforms of a starch synthetic
enzyme from A, B, D genomes at molecular levels (protein,
mRNA or DNA), wheat with
mutant starch could be produced by combining three defects and nullifying
the enzyme. While
transgenic
wheat with antisense
inhibition
for starch synthesis
is effective
for producing
a
modified starch, our study shows that the diversity buried in genetic resources can also generate
novelty in wheat.
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Abstract
In order to develop a rapid, simple, and economical method for testing the purity of
radish hybrid seeds using a procedure based on the polymerase chain reaction (PCR), eighty
random primers were screened with the genomic DNA of inbred parent lines and their Fl
hybrids.
Two primers, so called OPA02 and OPA19, generate reproducible
unique PCR
patterns which is distinguished
among inbred parent lines as well as their hybrids. The
differences
in PCR patterns can be used for the purity test of radish hybrid seeds by
identification
of each parent lines and hybrids
without the need for DNA sequence
information.
Furthermore, RAPD-PCR method requires only minute quantities
of plant
sample and DNA, and therefore can be used in situations in which the amount of plant sample
is limiting
in the early stage of seed germination. Wedemonstrates the use of RAPD markers
to identify each of inbred parent lines and hybrids by rapid and simple method.
Introduction
The mdish(Raphanus
sativus L.) is one of the major vegetable crops in terms of the
production and field area in Korea. Although it differs with respect to the size, shape, color
and consistency depending
on the species, the chromosome number in all radishes
is
identical(n=9).
The origin of the radish is not fully understood, but it is supposed that the
radish is native to central Asia, China or India because of the occurrence of many genotypes
from wild types to cultivated types. Based on the cropping season, the radishes cultivating
in
Korea are separated into three major groups such as spring, summer and autumn radishes
whose field area were 18,545, 3,426 and 15,13lha
in 1999, respectively.
Radish roots are
mainly consumed not only as fresh vegetables but also as ingredients
of 'Kimchi' which is
one of most important processed vegetables in Korea.
Commercial seeds of the radish are Fl hybrids which are produced by crossing selfincompatible
parent lines. Sexual incompatibility
is a widespread phenomenon in flowering
plant which restricts
inbreeding
within populations
and also seems to contribute
to the
reinforcement of species differentiation.
The occurrence of self-incompatibility
in Cruciferae
has been well known and contribute to effective breeding strategy and production of high
quality and yield of hybrid radish roots. With the increasing emphasis placed on uniformity in
vegetable production, there has been a trend towards the use of Fl hybrids. By crossing two
genetically
uniform, but distinct,
parent lines, Fl hybrids
are produced possessing
the
attributes
of a high level of uniformity and increased vigor in terms of yield, quality, shape
and texture as well as resistance to various environmental stresses. The success of this method
for producing commercial cultivars depends on being able to maintain uniform parent lines
and ensuring that the Fl seeds results from a direct cross between the two selected parents
only. The parent lines are normally self-incompatible,
thus making cross-pollination
essential
for Fl production.
In practice, the self-incompatibility
mechanism may not be entirely successful and a
low level of self-pollination
may occur resulting in the production of a small percentage of
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sibling
or selfing production.
During the cultivation
of commercial seed radish, the resulting
'sibs' or 'selfs' are readily identifiable
because of their weakness in vigour as compare to
hybrids. However, in commercial point of view, hybrid seeds mixed with selfing or sibling
seeds results in the reduction of uniformity and quality of the seeds compared with Fl hybrid
seed production.
In case of autumn cropping, Fl hybrid seeds are harvested on June 15 and marketed on
July 15 by seed companies, and then seeded by farmers on August 15 in Korea. The period of
time between Fl seed harvesting
and marketing, the seed company must go through process
of drying, threshing,
seed cleaning, coating, grading, packing and transporting.
Due to the
time restriction,
the seed company cannot test the purity of Fl hybrid seeds by the method of
growing the seedlings before marketing. To solve this problem, we tried to employ rapid and
simple method for testing the purity ofFl hybrid seeds using RAPD primer.
Materials and Methods
Inbreds and hybrids used
Radish inbred lines used were ER-101 and ER-450. These inbreds were maintained as
pure stocks by subjecting
to continuous selfing for about fifteen years and used as parent lines
for producing Fl hybrid seeds by crossing method of self-incompatibility.
The hybrid seeds
derived from two inbreds have been produced and commercialized
by the seed company for
more than 10 years.
DNAisolation and PCR
Seeds were germinated on water moistened filter paper in 9cm petridish at 28°C. Fiveday-old single seedling
less than 50mg was collected and frozen in liquid nitrogen and then
ground with a mortar and pestle. Ground tissue was combined with CTAB buffer, and DNA
was extracted as described in Bohem et al.(1999).
PCR reaction mix was 5 /^ 10 x buffer,
O.lmM each of dNTPs, 0.25p M random 10-mer primer(from Operon Technologies),
lOng
template DNA and 0.3units Tag DNA polymerase in 50 l& total volume. This mixture was
exposed to 45 cycles of 1 min at 95°C, 1 min at 38°C and 1 min at 72°C using the DNA
Thermal Cycler from MJ Research. PCR products were electrophoresised
in 1.2% agarose gel
and visualized UV light by EtBr staining.
Primer Selection andpurity test
In order to select marker primers which can be used for the purity test of ¥{ hybrid
seeds, genomic DNA of parent lines and their hybrids were PCR analyzed using 80 ten-base
RAPD primers. Two primers, OPA02 and OPA19, were selected based on the clarity and
specificity
of PCR products amplified by the genomic DNA of parents and their hybrids.
A randomly selected set of 100 commercial hybrid seeds were incubated in 15cm
petridish by soaking with distilled
water at 25°C for 3-5 days. Each single seedling was
collected
and subjected to extraction of the genomic DNA for PCR using selected marker
primers. Based on PCR patterns of the hybrids,
seeds were separated into the crossing
(hybrid)
lines and the self mg(inbreeding)
lines. The purity of hybrid seeds is calculated
as
number of crossing lines per those of total seeds tested.

Results

and Discussion
The PCR patterns of the radish genomic DNA amplified by the RAPD primers showed
various profiles depending on the radish genomes as well as primers tested(Fig.l).
Eighty
primers screened are classified
into four groups based on the banding patterns of PCR

products. First group is the primers showing no band in both of the parent lines, second is
those showing same bands between two parent lines(Fig.l
Type I), third is different
bands
among individuals
within populations
in the same parent line as well as different
bands
between parent lines(Fig.1
Type II), and forth is same bands among individuals
within
populations
in the same line but clearly different
between two parent lines, ER-101 and ER405(Fig.1
Type III). For the purpose of purity test, only the forth group can be used as
marker primer because the banding patterns of the PCR products are specific to each of
parent lines as well as their hybrids.

Fig. 1. Types ofPCR patterns amplified by random primer with radish genomic DNA.
Three individual
seeds from each of inbred parents, ER-101 and ER-4053 were
analyzed by RAPD primers. M: marker DNA 123-ladder.
In addition to specificity
between parent lines? marker
requirement. The PCR patterns amplified by marker primer
among individuals
within populations
in the same parent line
hybrids.
Each parent line must possess at least one unique
another parent line.

primer should possess another
not only•Eshow no fluctuations
but also among individuals
in
PCR band distinguishable
to

Fig, 2* Purity test ofFl hybrids using RAPD primer, OPA02.
M: marker DNA ladder, A: inbred parent ER-101, B: inbred parent ER-405.
Inbred lines mixed with commercial hybrid seeds are marked with A or B.

no
Figure 2 show the PCR patterns amplified by OPA02 primer with the genomic DNA of
each parent lines and 80 randomly selected hybrid seeds from commercial seed pack. As
indicated
in the PCR profiles, six inbred lines such as four ER-101(marked
with A) and two
ER-405(marked
with B) were clearly identified
in the group of eighty hybrid seeds(Fig.
2). It
means that the purity
of the commercial
hybrid
seeds tested is 92.5%. This result
demonstrates the utility of RAPD markers for testing the purity of Fl hybrid seeds.
Recently, techniques
based on PCR have been used to detect polymorphisms
in various
plants, animal, and bacterial
species(Welsh
et al. 1991; Huff et al. 1993). RAPD markers can
generate fingerprints
of DNA product, some of which are polymorphisms
that are present in
one parent and absent another. Polymorphisms
detected
by RAPD are inherited
in a
Mendelian manner and can be generated for any species without DNA sequence analysis.
Detection
of polymorphisms
by using RAPD technology
is faster and less laborious
than by
RFLP. The main advantages of RAPD over traditional
RFLP technology
are increased speed
of analysis and dramatic reduction in the amount of DNA required for analysis. Reduction in
the amount of DNA required for a reaction is particularly
important in speeding
up early
screening.
In case of radish, RAPD analysis could be done 3-5 days after germination instead of23 weeks in RFLP or protein analysis. Using one 96-well PCR machine, a single person can
complete the analysis of approximately
250 individuals
with a primer in ten days period, from
the beginning
of seed germination
to final results;
similar results with RFLP analysis would
take at least 3-4 weeks, and most likely more. However, the main disadvantage
of RAPD
method in relation to the purity test of Fl hybrid is that most of polymorphisms
detected are
considered
as dominant marker, for example, present versus absence in each of the parents,
and therefore heterozygotes
can not be distinguished
accurately. To solve this problem, RAPD
marker which can be used for purity test should be tested with many individuals
of population
in the same parent line to get reproducible
result.
This experiment suggest that it is the most important to select specific RAPD markers
out of many random primers for rapid identification
of each inbred parent lines and their
hybrids, and for the purity test of F1 hybrids.
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ABSTRAC T
The cloning of elite high yielding
oil palm can result in yield increases of up to 30%.
However,high incidences of floral abnormalities
have been observed with tissue cultured oil
palm clones. These floral abnormalities result in the feminisation of a ring of normally sessile
stamenoid tissue in female flowers converting them into carpel-like tissue. Little is known
about the molecular basis of either normal oil palm floral development or abnormal floral
development.
A preliminary study of oil palm floral development was conducted by
examining floral morphology using histology and SEM techniques. By this analysis oil palm
floral development could be separated into 8 key stages. It was observed that development of
inflorescences derived from abnormal oil palms did not differ from normal inflorescences
until stage 7 when supplementary carpel-like
structures surrounding the central carpel was
observed.
Oil palm homologues of Arabidopsis SOC 1 and LEAFY were cloned by
hybridisation
to homologous sequences from rice and Arabidopsis respectively.
UIP2 and
RLK5 were cloned by a cold plaque hybridisation procedure. Expression profiles of these
genes were examined using northern blots containing RNA extracted fromeach of the 8 key
stages from normal palms. In some cases gene expression was below the detection limits of
northern blotting. UIP2 and RLK5 homologues were preferentially
expressed in meristem
tissue and were either undetectable or expressed at lower abundance in floral tissue. In situ
hybridisation
and semi-quantitative
RT-PCR analysis was undertaken to facilitate
a higher
resolution examination of gene expression differences between normal and abnormal oil palm
flowers. It was observed that LFY was expressed in normal stage 4 flowers and was
undetectable
in abnormal flowers. However, SOC1 that acts up stream of LFY in
Arabidopsis showed an abnormal accumulation of SOC1 transcripts in abnormal flowers at a
later stage of floral development (stage 5). In order to determine if molecular differences
between normal and abnormal flowers could be detected at an earlier stage of development an
approach using DNA macroarrays was pursued. These DNA macroarrays have allowed the
identification
of other genes that are differentially
expressed between normal and abnormal
palms. These genes are currently being characterised to enable a better understanding gene
expression differences associated with floral abnormalities to be obtained. It is hoped that
this will ultimately
lead to improved strategies
at predicting
and preventing floral
abnormalities fromoccurring.
INTRODUC TION
Flowers contain specialised
organs and tissues that differ significantly
from those of
the vegetative organs of a plant. Commercially grown oil palm are hybrids that are derived
froma cross between Elaeis guineensis v. Dura and Elaeis guineensis v. pisifera.
The tissue
culture cloning of elite palms can result in 30% increase in yields that would normally take
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more than 15 years conventional breeding to achieve. Unfortunately the clonal propagation
of oil palm results in the production of abnormal mantled palms whose incidence can range
from 0-100% depending on the genotype and culture conditions used. In order to determine
the factors that influence flowering and mantled flower development in oil palm, the
physiology,
cytology and molecular biology of the flowering process had to be studied.
Mantled palms are characterised
by feminisation of the normally sessile male tissue in the
female flower. In mantled flowers the stamenoid tissue forms a ring of supplementary
carpel-like structures fused to the central carpel. Often mantling results in bunch failure prior
to oil biosynthesis
and in most cases results in no oil yield at all.
The oil palm is normally monoecious with separate male and female inflorescences on
the same plant, but hermaphrodite flowers do occur occasionally (Hartley, 1988). The male
and female inflorescence is similar in gross architecture in having a central axis or peduncle
that bear flower-bearing
spikelets.
Oil palm flowering consists of varying cycles of either
male or female flowers that are influenced by environmental conditions (Corley, 1 976).
It is highly likely that the flowering process in oil palm will in general be similar with
grasses as well as with dicots such as Arabidopsis.
It has been well established
that the first
step of flower development is the switch from the vegetative phase, during which leaves and
shoots are produced to the reproductive phase where flowers are initiated. It has also been
determined that once this switch has been made floral meristem-identity
genes promote the
initiation
of floral development.
In Arabidopsis,
these genes include LEAFY (LFY),
APETALA1 (API), CAULIFLOWER (CAL), APETALA2 (AP2) and UNUSUAL FLORAL
ORGANS (UFO) Levy and Dean (1998).
Many of these genes have been isolated and
characterised from numerousplant species including cereals, and in many cases share a high
level of homology. Therefore these genes could be used as a means to identify and isolate
orthologues from oil palm. Once floral meristems have formed homeotic genes such as
AGAMOUS(AG), APETALA3 (AP3), PISTDLLATA (PI) and AP2 interact to produce the
whorl structure of flowers. At this stage of development the basic ground structure of the
flower is laid down and their further development results in functioning mature flowers.
Weused an evolutionary strategy to clone gene homologues of AG and LFY from oil
palm by using AGAMOUS-LIKE (AGL's) genes from rice and LFY from Arabidopsis.
Other genes of interest appeared to have diverged in sequence and a cold plaque hybridisation
strategy was employed as a gene discovery and isolation tool. These genes were then used to
examine gene expression in both normal and abnormal flowers by way of northern blots,
macroarrays and in situ hybridisation.
RESULTS
Structural
examination of oil palm floral development
Floral development can be separated into 8 phases (in female flowers) as follows:
stage 1 ; inflorescence meristem develops, stage 2; spikelet primordia develop from primary
axis, stage 3; bracts develop around spikelet
and sex determination
occurs, stage 4;
emergence of flower primordia, stage 5; emergence of male flowers in triad of female
inflorescence, stage 6; formation of female flower and bracteole in female inflorescence,
stage 7; development of carpels on female flower, development of supernumerary carpels on
abnormal flowers, stage 8; carpels have fully developed.
Gene expression analysis by reverse northern's
A 123 CDNA clones of above 500 bp in size isolated by cold plaque screening were
subjected to reverse northern analysis. The probe used was amplified from total RNA of oil
palm immature male, female flowers and young leaves by PCR and the clones were shown to
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fall into five subpopulations
which, correspond to the abundance of the genes in the mRNA
population.
Sequencing was carried out on 68 clones and sequence comparisons were made using
the BLAST algorithm (Altschul
et al., 1997).
By sequence analysis three categories of clones
could be found among the subpopulations.
The first category, which represented about 40%
of the clones sequenced, did not have any homology to any known sequences in the Genbank
database. The second category contains clones that show similarity
to known low abundance
genes e.g. UIP2 and RLK5. The third category contains clones that show similarity to higher
abundance genes e.g. cyclophilin,
elongation factor 1-a and aldolase (see Fig 1).
Northern analysis was performed on 10 clones represented genes with a wide range of
expression profiles. Generally, all the tested clones gave very weak signals or none at all.
This observation supported the fact that the clones tested are low abundance genes. The
hybridisation
patterns also showed that the highest hybridisation
signals came from the
meristem and very young male inflorescence.
No signals were detected from 6 cm male
inflorescence,
the developmental
stages chosen to construct the male flower CDNAlibrary.
This thus explains why these clones were not picked up during the differential
screening as
they are present at such low abundance at that developmental
stage. Northern blotting also
yielded very weak signals with SOC1 and LFY orthologues.
DNA macroarrays containing 123 CDNA clones isolated by cold plaque screening
were hybridized to labelled
CDNA from normal and abnormal flowers at the same stage of
development (stage 5). Several clones were expressed only in normal floral tissue and not in
abnormal tissue (Fig 2). One of these three clones encoded HSP80-2. A more in depth study
of the expression of this gene during normal and abnormal development is on going.
In situ hybridisation
This method was used to examine the temporal and spatial pattern of expression of
RLK5, UIP2, SOC1 and LFY. We were interested in determining at what stage of floral
development did changes in temporal and spatial expression patterns occur between normal
and mantled flowers. As we could only detect morphological
differences
at stage 7 we
decided that the abnormality must have occurred prior to this stage. As a first step candidate
genes involved in early floral development were used on in situ 's to examine gene expression
pattern differences
between normal and mantled flowers. The genes RLK5 and UIP2 are
expressed in meristems, SOC1 acts up stream of LFY a meristem identity gene and their
interaction integrates the floral evocation signal pathway genes with the autonomous pathway
in Arabidopsis
(Samac et aly 2000).
G en e ra l G e n e F u n ctio n
H o u se k e ep in g g en e s
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1 0 ( 14 .7 % )
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K in ase s
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m o lec u le s
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Fig.l Sequence comparison of CDNA clones derived from cold plaque screening
6 male flower CDNAlibrary. A total of68 sequences analysed.

ofa stage 5-

A

B

Fig«2 The same DNA Macroaixay of floral genes hybridised
to normal (A) and abnormal
(B) stage 5 female floral CDNA. Arrows indicate up-regulated genes in each population.
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In the last decade, molecular genetic maps using DNA markers have been developed
in many plants including the Gramineous cultivars such as rice, sorghum, maize, barley
and wheat. Moreover, genetic maps using commonsets of restriction
fragment length
polymorphism
(RFLP)
markers have recently provided tools for comparison of the
arrangement of low-copy number genes among various grass species. This has led to
finding extensive conservation of gene order, so called synteny, within homoeologous
chromosomal segments.
I report on the synteny among cereal genomes, in particular
synteny between rice and
sorghum genomes revealed by comparative mapping using rice DNA markers.

Comparative

mapping among grass genomes

In comparative
mapping
among grass genomes, the first publications
that
demonstrated
synteny among the cereals were by Ahn and Tanksley (1) for rice and
maize and Kurata et al. (7) for wheat and rice. Subsequently
it has been reported that the
colineality
of gene order can be found widely among grasses(2,
3, 4, 5, 9, 10, 1 1).
On the basis of the above reports, Moore et al.(8) showed that all the genome maps
could be combined in a single synthesis.
A recent evaluation
of the extent of synteny
among grass genomes reported by Devos and Gale(8, 12).

RFLP linkage

map of sorghum

The Rice Genome Research Program (RGP) in Japan has constructed a high density
rice genetic map with 2,275 DNA markers covering 1,521.6
cM using 186 F2 plants
from a single cross between the japonica variety Nipponbare
and the indica variety
Kasalath (6). Among the mapped markers, about 1 800 rice DNA probes were analyzed
for polymorphism
in the two parental varieties,
Sorghum bicolor (Nagano232)
and S.
bicolor (F63A5).
As a result, about 60% of analyzed rice DNA probes clearly revealed
cross-hybridization
to the sorghum genome and about 30% of these probes revealed
polymorphism.
So far, we have constructed
an RFLP linkage map of sorghum with a
total of 602 DNA markers that consist of rice DNA clones and maize DNA clones (the
University
of Missouri).
This sorghum map is based on a set of loci that cover nearly
the entire rice RFLP linkage map (6). In this map, the maize CDNA clones were mapped
to linkage groups that correspond to previously
reported sorghum genetic map and the
ten linkage groups were defined as linkage group A to J as described on the known map

(5, 9, 10, 1 1). The total

map distance

is 15285

2. 1 cM, determined

by dividing

Syntenic

between rice and sorghum genomes

regions

the total

cM. The average distance

map distance

between

loci is

by the number of loci.

The majority of the mapped loci clearly indicated
a high degree of colinearity
between
the 12 rice chromosomes and the ten sorghum chromosomes as shown in figure 2.

Fig. 2. Syntenk
The linkage
are indicated

regions

between rice and sorghum genomes.

groups of sorghum are shown as A to J. The corresponding
as R with the chromosome number ( 1 to 12).

rice chromosomes

Sorghum linkage group A is homoeologous mainly to rice chromosome 8 and to a
portion of rice chromosome 9. Similarly,
sorghum linkage group B is composed mainly
of loci from rice chromosomes 4 and a part of long arm in rice chromosome 2, group C
is composed mainly of loci from rice chromosome 3 and a part of rice chromosomes 7
and 10. Sorghum group D linkage group corresponds
solely to rice chromosome 2
whereas group E corresponds mainly to rice chromosome 5. Group F is composed
mainly of loci from rice chromosomes 7 and 9, and a part of the long arm in rice
chromosome 8, group G solely from rice chromosome 1, and group H from rice
chromosome 6. Although linkage group I is composed of loci from a part of distal
region of rice chromosome 12, large remained region on linkage group I could not be
found clear syntenic region corresponded
to any rice chromosome. Linkage group J is
composed of loci from rice chromosome ll. These results show that there is an
extensive
conservation
of gene order in rice and sorghum genomes. Comparative
mapping has revealed a high degree of colinearity
between the 12 rice chromosomes
and 10 sorghum chromosomes and the ordering of DNA loci on rice and sorghum
chromosomes corresponds
well.
These data provide
valuable
information
in
understanding
the evolution of grass species. At a practical
level, comparative mapping
between these two genomes can be useful in map-based cloning of specific genes. Since
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rice is considered
a model species for genome analysis among cereals, genes located in
sorghum might be isolated by map-based cloning of the homologue in rice, and then by
homology in sorghum.
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UNIQUENESS OF PLANTS IN GENOMICS
Plant genetic resources have been provided life to human being and to the earth. They can
provide indefinite
values for mankind. This is not only for the conventional uses but for
application
to fundamental research in genomics. Uniqueness of plants compared with
animals and microorganisms in genomics would be laid in the followings:
1) Feasibility
of
creating large and/or specific populations at will; 2) specific genetics lines without major
concerns on regulatory matters and ethics; 3) application
study on many populations in nature
or in artificial
conditions;
4) not like bacteria which cannot be addressed its ecological
distribution
easily, in contrast, particularly,
many agricultural and/or industrial plant species
are in databases and also often in genebanks with relevant data; 5) monitoring of populations
are easy compared with animals which can have movementand drifting from one nitch to
others; 6) variation in reproductive
systems, they are options for conservation and
preservation of germplasm; and 7) frequent occurrence of polyploidy
and aneuploidy in
nature and feasibility
in artificial creation.
ALLELIC POLYMORPHISM, NUCLEOTIDE SEQUENCE VARIATION AND SNPS IN A
LOCUS OF INTEREST
It is natural

that intra-locus

variations

with various alleles

occur regularly

in plant genes.

However, it seems that at present, elucidation
of the relationships
between allelic difference
and their nucleotide sequences is more than challenging
and cumbersome (Weiss and
Terwillinger

2000).

The accumulation of infonnation

on sequence variation

and testing

feedback from different cases should provide more precise tools in selecting specific traits or
alleles in germplasm enhancement (Kasai et al. 2000). The occurrence of SNPs in specific
loci could givQ a prediction of genetic change and facilitation
in crop breeding by pin-pointing
a specific nucleotide change for the alternation.
Adding more to the dimension, polyploidy
is unique feature of plant genomics.
Polyploids
are especially
seen frequently in Angiosperm: it is estimated that dicots consist of
around 200,000

species,

and more than half of the number in monocots could be polyploid

or
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originated from polyploidization.
Uniqueness
genetics is that they have built-in intra-locus

of the polysomic polyploids
with respect to the
variation due to the increased copy number of

alleles
and consequently
more possibility
of allelic interactions
(Watanabe et al. 1 99 1). Built-in heterozygosity
in disomic polyploids
however, yet its unique genetic
enhanc ement.

feature should be elucidated

compared with diploids
is a traditional
concept,

for facilitated

UNDERSTANDING AND CAPTURING GENETIC DIVERSITY

uses in germplasm

ARE THE KEY FOR

COMPREHENSIVE GERMPLASM ENHANCEMENT
Intra-specific

genetic

variation,

which creates genetic

diversity,

is fundamental

material for

plant breeding. Increase in intra-locus variation by the enhancement of genetic diversity in the
available
genetic resources, had been demonstrated drastic gain in the agronomic traits.
Adequate use of such genetic diversity
by participatory
plant breeding gained success in
combating major constraints such on rice crops against rice blast (Wolfe 2000). Now
challenge shall be made how the genetic diversity can be effectively
captured and maintained
for immediate needs. Component studies on the quantitative
traits into single factors could
make the clear understanding
and allelic combinations
and inter-locus
interactions
in
corresponding
loci
McCouch 1997).
INTER-SPECIES

for the quantitative

DIVERSITY

traits

(Nadeau

and Frankel

2000,

Tanksley

and

IS UNEXPLORED IN CROP GENETIC RESOURCES

It is estimated that merely less than 1% of species out of 10 millions of species
is studied on the biodiversity
aspects (Wilson 2000). Even on the agricultural
around 30 taxa get a focus for the major investment,

and the related

in this planet
species, only

genera, that is wild

species, have been treated rather as orphans. In contrast, the genetic diversity in these relative
genera have been demonstrated substantial
additions
in germplasm enhancement such on
tuber-bearing Solarium (Watanabe et al. 1994). My example at present shall also give the idea
that incorporation

of specific

alleles

from distantly

related

wild species

could provide many

advantages into crop genetic improvement.
In order to understand the genetic diversity
and the holistic sense of species
variations, universal measurements such on genetic markers are required over different taxa of
plant species. In contrast, the majority of quarter million species in Angiosperm, do not have a
genetic marker for genome mapping, consequently genome-wide information is not available
for the genetic
evolutionary

diversity

in order to solving

aspects. A challenge

the questions

in conservation,

from my research is given to this pitfall

utilization

and

by taking a case on
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rare and extinguishing
genetic

crop species.

Noweven the distantly related genera could be immediate sources for augmenting
diversity
in the crop cultivars by overcoming the classical genepool barriers. Now

genepools can be put into one entity into a genie pool with the employment of the modern
biotechnology.
The variations
in alleles, in other word, SNPs responsible
for phenotypic
alteration,
systematic

reside in one genie pool, and configuration
of genetic components should lead to
uses of "the modern genepool" consists of the diverse plant genetic resources of

this planet. Also the prediction obtained from SNPs could be applied
the desirable alleles from the available genepools.

to recognize

and capture

CLOSING
Genomics and modern technology must be supportive on the past experience and knowledge
which are the theory and central dogma on the genetics. The respect to the classical theory
and findings is important as they remain correct, meanwhile we add new knowledge on to it
for better comprehension.
Science must be innovative, on the other hand, in a sense
retrospective
for a better scientific
past for the future. On this respect,

and ethical
indigenous

development, and there is learning
knowledge and traditional
practice

from the
related to

the plant genetic shall be considered as a component of conservation and uses of genetic
diversity
as bioprospecting
is also ultimately
important
aspect associated
with the
biodiversity.
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Diversity

of Plant Genomes Revealed by Analysis
Gene Sequences and Microsatellites

of

Robert J Henry, Centre for Plant Conservation Genetics
Southern Cross University, PO Box 157, Lismore, NSW, 2480, AUSTRALIA
Molecular analysis is allowing the genetic
Sequencing
of plant genes provides a key
microsatellite
loci represents
a specific
population
diversity.
Recent analysis (Soltis
flowering
plants cannot be simply divided

relationships
between plants to be better defined.
tool for phylogenetic
analysis.
The analysis of
opportunity
revealing
genetic relationships
and
et al, 1999) confirms the view (Figure 1) that
into monocotyledons
and dicotyledons
(Henry et

al,1997).

Fig 1. Relationships

Analysis

of Ribosomal

between higher

plants

(Henry

et al. 1997;

Soltis

et al, 1999)

Genes

Ribosomal genes in plants have been widely used for phylogenetic
analysis.
The spacer
between 5S ribosomal genes have proven very useful for species level distinction.(Ko
et al,
1996).
The 18S ribosomal RNA gene sequence and the internal transcribed
spaces between
the ribosomal genes have been widely used to determine phylogenetic
relationships.
These
sequences allow analysis
at different
levels.
The ITS sequences are especially
useful for
analysis of species divergence within genera(Abedinia
et al., 1998).
The sequence of the 18S
ribosomal
genes have been used in establishing
relationships
within the gymnosperms
(Graham et al, 1996) This analysis reveals the very high levels of genetic diversity
within
some gymnosperm species.
Examples of recent applications
of these methods to explore
diversity
in different plant groups will be presented.
Microsatellite

analysis

Microsatellite
or simple sequence repeat (SSR)
diversity
within plant species because of their
which microsatellite
loci are conserved across
diversity within and between the groups being
in microsatellite
loci has been investigated

loci are especially
useful for exploring genetic
relatively
high rate of evolution.
The extent to
taxa is a very useful indicator
of the genetic
analysed. The extent of sequence conservation
in many species.
Microsatellites
found in

expressed sequenced tags including
those found within coding regions are more highly
conserved allowing wider transferability
of these molecular markers between different plant
species (Table 1). The type of information
that can be gained by these analysis will be
illustrated
by presentation
of recent data from several different plant groups.
Table 1

Plant microsatellite

analysis

and cross-species

transfer

Species

Sources of SSR

Transfer to other
Species

Reference

Barley

EST

Wheat

Henry et a., unpublished

S ugarc ane

Genomic/ES T

Saccharum species

Cordeiro

Grape

EST

Vitis genus

Scott et al., 2000

Tea Tree

Genomic

Myrtaceae

Rossetto

Pinus

Various

Pinus species

Shepherd

et aL, 2000

et al., 2000
et al., unpublished

Cereals
Wheat and barley microsatellites

from genomic clones and ESTs have been compared.

The ITEC database has been analysed for microsatellite
loci.
More than 700 loci were
identified
in the first 18,000 sequences (Holton et al, unpublished).
These loci have proven
polymorphic with the barley loci likely to be of value in wheat analysis.
Rice microsatellites
are now available in large numbers from the genome sequence. The
complete microsatellite
compliment of a higher plant genome could not be analysed in this
species.
Sorghum microsatellite
sugarcane.

loci

can be detected

using

primers

from related

species

such as

Sugarcane
Sugarcane has a highly complex genome. Microsatellite
markers from sugarcane are useful in
the analysis
of the Saccharum officinarum and Saccharum spontaneum progenitor
species(Cordeiro
et al, 2000). EST derived microsatellites
are much more easily transferred
to progenitor
species (Cordeiro et a/., unpublished).
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Grapes
Grape
(Vitis vinifera)
microsatellites
were identifed
from ESTs (Ablett
et al,
Microsatelites
from grape ESTs were readily transferred
to other Vitis species (Scott
2000).
These loci were more transferable
than those from genomic libraries (Rossetto
unpublished).

2000).
et al.,.
et al,

Pines
Microsatellites
related species

in Pinus species have been successfully
transferred
such as the hard pines (Shepherd
et al, unpublished).

between

more closely

Eucalypts
Microsatellites
derived from the Australian tea tree (Melaleuca alternifolia)
(Rossetto
et al,
1999a) have been found to transfer widely within the Myrtaceae family (Rossetto et al, 2000)
to species including
Eucalypts.
Most variation in this species was with rather than between
populations(Rossetto
et al, 1999b).
Mangroves
The mangrove species Avicennia marina, was found to have very high levels of genetic
diversity
as measured by microsatellite
polymorphism(Maguire
et al, 2000a).
Most variation
was between rather than within populations
(Maguire et al, 2000b)
Conclusions
The transferability
of microsatellites
from ESTs is much higher than that for microsatellites
from genomic clones. The ease of transfer within different
groups reflects
differences
in
sequence divergence and genetic distances.
Microsatellite
transfer efficiency
can thus be used
as a measure of genetic diversity
within and between plant taxa.
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Plant transformation,

Introduction
Plant breeding is the technology that human has been used since the beginning of agriculture.
Selection
of useful traits from natural variations
and introduction
of these traits into
cultivated
plants have produced a large collection
of agricultural
materials.
Breeding
programs depend on sexual crosses of closely related plants, otherwise, an agricultural
important trait of a plant may not be transferred directly to other plants that can not be
crossed to the plant. Cell fusion of two organisms and subsequent regeneration could be a
mean for introducing the whole genetic information into the other. However, it has been
realized that cell fusion of two distinct cells results in partial incorporation of either genome
into the other genome, and even if succeeded, the efficiency of regeneration from the fused
cell into the whole body is very low. Furthermore, such regeneration is limited in cell fusion
of closely related species. As a new technology, genetic engineering has shown the power of
transferring useful genes into plants. However, the technology available at the present time is
limited for introduction of only several genes. Our final goal is to introducing important traits,
which are regulated with a complex set of genes, into other crop species by genetic
trans formation.
We developed a vector for plant transformation with large DNA fragments and
propose a new meanfor introducing useful traits from a plant into another plant using the
vector system. I conceptualize the process as a new style of breeding, "GenomeFusion for
crop improvement".
Genomefusion for crop improvement
The vector that we developed for plant transformation with large DNA fragments is called
Transformation-competent
Bacterial Artificial
Chromosome (TAC) (Liu et al., 1 999, Shibata
& Liu, 2000). A genomic DNA library whose member clones carry approximately
100 kb of
genomic DNA fragments of a plant species can be prepared using the TAC vector. The large
DNA fragments are transferred directly into other plant species via Agrobacterium. The
whole genome of a plant species, from which a TAC library is prepared, could be
contiguously covered along with all chromosomes with thousands of TAC clones as physical
contigs (see below such case in Arabidopsis).
Recent progress of genome analysis of crop
species could make a preparation of such contigs easier. It is possible to transfer the whole
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members of the TAC contigs into other plant species for preparing a population of transgenic
plants, whatever it is laborious.
The TAC transgenic population shares a conceptual similarity
with a population of
near isogenic lines (NILs) of a plant species with DNA segments of a wild relative. Recently
a newbreeding program has been proposed for introducing useful traits from a wild relative
into a present cultivated variety. In a previous breeding program a useful trait found in a wild
relative or an unfavorable variety has introduced in a present cultivated variety by crossing
them and subsequent backcrossing with the present variety until a near isogenic line (NIL) is
obtained. On the other hand, in a new program, a population ofNILs in which any segment in
the wild relative can be found in 100 - 200 lines are produced from a backcrossed population
using DNA marker assisted genotyping without tracing traits. Useful traits, most of which are
found as quantitative
trait loci (QTLs),
are identified
in the final NIL population.
This
breeding program is called the advanced backcross QTL method (Tanksley & McCouch,
1997).
The NIL population
is similar to the TAC transgenic population
in terms of
presentation
of a genome in other plant population.
A TAC transgenic plant carries an
additional
copy of a genomic fragment. On the other hand, a NIL line has an introgressed
segment. The critical difference between the two breeding strategies is that the TAC-based
strategy can be applied to any donor genome, if the recipient plant is transformable with the
vector.
The presentation
of a genome in other plant population
is the initial
step for
introducing useful traits found in the donor genome in the recipient genome. If useful QTLs
are known to exist in the cross of the recipient and donor species, those QTLs should be
identified
in the TAC transgenic population as similarly to the advanced backcross lines.
Although epistatic
interaction
of two or more loci is not detected in the population,
QTL
analysis of F2 or recombinant inbred (RI) lines could suggest epistatic loci. The information
will be used for identification
of lines showing epistatic interaction
in the population. Once
lines carrying QTLs be identified, these lines will be crossed sexually for integration of these
traits in a recipient crop. If the donor genome species is incompetent for sexual cross to the
recipient species, QTL information is not available. However, searching the TAC transgenic
lines could identify lines that exhibit useful traits. The TAC fragments that are identified
to
carry useful genes can be used for testing the usefulness of these genes in other crops.
'Genome fusion for crop improvement' is defined as the process in which two genomes are
fused to a degree, to which useful traits are introduced from other genome.
A model system for genome fusion
We have been testing the conceptualized
strategy
"Genome fusion for crop
improvement" using a model plant, Arabidopsis thaliana, as much genome information is
available in the plant. To test the usefulness of the TAC vector system for stable introduction
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of large DNA fragments into plants, an Arabidopsis
mutant, sgrl, was used for
complementation tests. The sgrl locus was physically
covered with several TAC clones that
carried approximately
80kb DNA fragments. Introduction
of these TAC clones demonstrated
that the mutant phenotype was recovered to the wild type, showing the usefulness
of
transformation with large DNA fragments (Liu et al., 1999). Furthermore, the filamentous
flower mutation of Arabidopsis
was also recovered by introducing
a 80kb TAC clone,
following the isolation
of the FILAMENTOUS FLOWER gene (Sawa et al., 1999). Stable
integration
of several DNA fragments by the TAC system in the Arabidopsis
genome has
been shown in our laboratory.
Given that the Arabidopsis
genome is completely sequenced before the end of 2000,
sequencing of the insert ends of all TAC clones of the Arabidopsis
library is currently
underway at Kazusa DNA Research Institute in order to construct a TAC-based physical map
of the genome. Approximately
1,500 TAC clones carrying 80 kb genomic DNA fragments
may cover the whole genome of the Arabidopsis.
My laboratory is now working to
introducing the selected TAC clones into other accession and crop species.
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INTRODUCTION
East and south Asian melons are known as important genetic resources, having
resistant
genes for various kinds of diseases.
Irrespective
of their importance and
genetic diversity,
classification
of east and south Asian melons is not consistent.
They are divided
into two varieties,
makuwa (dessert type) and conomon (pickling
type),
and cultivated
as different
crops in Japan and China.
Both varieties
are
supposed to have originated
in India, the secondary center of diversity
of cultivated
melon, and were introduced into China from west by the 'Silk Road' (Kitamura
1950).
Some reports also suggested that they had been originated
from weed melon (var.
agrestis)
in China (Walters
1989).
In this study, therefore,
isozyme, CAPS and
microsatellite
variations
among east and south Asian melons were analyzed.
MATERIAL AND METHODS
Isozyme analysis:
Melon accessions examined were seventy-eight
landraces (C.
melo) from India, Myanmar, Laos and China, thirty-one accessions of vars. makuwa
and conomonfrom China, Korea and Japan, eight accessions of var. agrestis from India,
Korea and Japan.
In this study, Indian melon accessions were divided into five
geographical
populations
(West, Center, North, South and East), based on annual
precipitation
in each area.
Cotyledon and root were sampled from two seedlings of
each accession
for analysis
of 6-phoshogluconate
dehydrogenase
(6-PGDH),
phosphoglucoisomerase
(PGI), glutamic-oxaloacetic
transaminase (GOT), peroxidase
(POX) and acid phosphatase
(APS).
DNA analysis:
DNA was extracted from the seedling of melon accessions, and
microsatellite
and CAPS polymorphisms
were analyzed in two ACC synthase genes
(CMe-ACSl , CMe-ACS2) and two ACC oxidase genes (CMe-ACOl, CMe-ACO3).
RESULTS AND DISCUSSION
Since most of Indian and Myanmar melons have not been classified
into varieties,
seed length was measured for all accessions, which exhibited
a continuous variation (413nn) among Indian cultivated
melons.
Seed length of vars. makuwa and conomon
was shorter than 9mm, and was clearly different from those of vars. reticulatus,
cantaloupensis
and inodorus.
In the present study, therefore,
Indian melons were
divided into two groups, large (^ 9mm) and small (< 9mm) seed types.
Gene diversity
calculated
from allelic frequency at nine isozyme loci and four
ethylene-related
genes indicated
that Indian melon was rich in genetic variation,
which
decreased from India toward east (Table 1).
Ap-31 and Pgd-ll were frequent in India
and Myanmar, while most of the melons in Laos, China, Korea and Japan carried PdgIs and Ap-33 except Chinese inodorus.
As to Ap-33, the frequency was more than
50 % in small seed melons in north and east India, though it was less than 10 % in other

parts of India.
Weed melon (van agrestis)
in Japan and Korea proved to carry the
same isozyme alleles as vars. makuwa and conomon. On the contrary, Indian agrestis
was different from those, and carried the same alleles as Indian small seed melon.
The analysis of ethylene-related
genes, for seventy melon accessions showed that
vars. makuwaand conomoncarried the same alleles (Acsl-cl:
S/+, Acol-msl: (AT) 10),
and nearly monomorphic (Table 2).
These alleles were frequently
found in central
and east India, indicating
that vars. makuwa and conomon related with small seed
melons in north and east India, as also indicated by isozyme analysis.
Small seed type melons seemed to be originated
in central India and were selected
under wet condition
in east, since they were frequent in central and east India and
generally
more tolerant to wet stress (data not shown).
Because of heavy rain in east
India and Myanmar, only wet tolerant melons should be selected and established
special
populations
in Laos and China, from which vars. makuwa and conomonseemed to be
derived.
Therefore, further study is necessary to clarify the origin and differentiation
of vars. makuwaand conomon.
Table 1. Allelic
and polymorphic

frequency at three isozyme loci, Ap-3 (acid phosphatase),
Px-2 (peroxidase)
index within melon accession groups in east and south Asia.

Table 2. Allelic frequency at two ethylene-related
accessions in India, Mvanmar and China.

and Pgd-1 (6-phoshogluconate

dehydrogenase),

genes, CMe-ACSl and CMe-ACOl , in small seed type of melon
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Introduction
The subgenus Ceratotropis
(genus Vigna, Fabaceae) consists of about twenty species of
which 8 are cultivated
for food or forage (Tomooka et al., 2000). The wild species have
potentially
useful traits for breeding.
Knowledge of the phylogenetic
relationships
among
taxa is helpful
to developing
strategies
for conservation
and use of wild species. The
objective
of this study was to analyse a core set of germplasm from the subgenus
Ceratotropis based on sequence data of the internal transcribed
spacer region (ITS) of nuclear
rDNA.
Materials
and Methods
Total genomic DNA was extracted from leaves of 25 accessions of different
taxa in the
MAFF genebank system. PCR amplification
of ITS rDNA and direct sequencing
were
performed by standard procedures. Phylogenetic
analysis was carried out using two methods;
neighbor-joining
method (NJ), and maximum likelihood
method (ML).
For the NJ method,
DNADIST and NEIGHBOR programs in PHYLIP ver. 3.57c were employed.
The sequence
data set was also subjected to fastDNAml for ML analysis. Bootstrap test with 1000 repeats
was performed for each analysis.
Results and Discussion
The data set analysed consisted
of 670bp sequences for each sample for phylogenetic
analysis. Trees by NJ (Fig. 1) and ML (not shown) have similar topology.
The results agree
closely with classification
of this subgenus based on morphology, biochemical
and molecular
analyses (Konarev et al.; Tomooka et al. 2000 and in preparation).
The subgenus has been
divided into 3 sections,
sections Angulares, Radiatae and Aconitifoliae.
These three sections
are clearly separated. Only one species V trinervia that is considered
a member of section
Angulares appears intermediate
among the three sections and this may be indicative
that this
species can be a genetic bridge among three sections.
The general topology
of the phylogenetic
tree (Fig. 1) suggests
that taxa in section
Angulares are closely related. This is reflected
in the terminology
for groups within this
section the V. minima complex and the V hirtella
complex. The V minima complex,
consisting
here of V. minima, V. riukiuensis
and V nakashimae, is a clearly defined group.
However, accessions assigned to V hirtella do not form a distinct phylogenetic
group. Section
Angulares appears to be a recently evolved branch of the subgenus Ceratotropis
that is
currently in the process of dynamic evolution.
While the ITS sequence can be a useful tool for phylogenetic
studies, analysis of several
molecular markers and their comparison are necessary to draw conclusions that do not have
statistical
bias. Consequently
we are analyzing the CPDNA atpB-rbcL spacer region.
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Zoysiagrass

Introduction
Zoysia spp are distributed
widely in eastern Asia, and western Oceania.
In Japan, three
species, i.e. Z. japonica, Z. matrella and Z.tenuifolia
are cultivated
as grazing and turf grass
from old days.
Especially,
Z. japonica (Japanese lawngrass)
that is considered
to be
indigenous to Japan, play important role as dominant species in grazing grassland that consist of
many wild native plants, from Touhoku (mid-northern)
District to Kyushu(western)District
Since almost all of the grassland is located in mountainous area, Zoysia japonica that can be
maintained without power farming system is requisite species.
In spite of its record on human use, breeding of Zoysiagrass
has started quite recently.
National Grassland Research Institute (NGRI)
conducts the collection of Zoysia ecotypes all
around Japan, and evaluates their characteristics.
This presentation will report the two major fruits of the research activity on diverse genetic
resources, i. e. information derived by phylogenetic analysis,
and a new cultivar selected from
ecotypes.
Material and Methods
Five species including
wild relatives were collected mainly in Okinawa islands where is located
in subtropics.
Authors were interested in diversity
of indigenous wild species and variation
in their phenotype.
Since classification
and identification
were difficult because their
morphological
characteristics
were plastic affected
by environmental
variation, DNA
fingerprinting
by AFLP was considered to be conclusive factor.
AFLP analysis and 5S
rDNA sequencing analysis were applied to examine five species described above and other two
species.
A series of experiment from DNA extraction to sequencing analysis was conducted
using the tools listed below (Table 1).
Table 1

List of the tools used.

items

tool s

DNAextraction

DNAZOL kit (GIBCO BRL)

AFLP

ABI system, ABB73XL, GeneScan (ABI)

phylogenetic

analysis

Diversity

Database using UPGMA

5S rDNA cloning

TaKaRa EX-Taq TOFO TA-cloning version F (Invitrogen)

sequence

Big Dye terminator (ABI)

Sequencing

analysia

DNAsis (Hitachi)

National Grassland Research Institute:
768 Senbonmatsu, Nishinasuno, Tochigi,
329-2793
JAPAN
* Shimane Prefectural Livestock
Experiment Station:
3755 Koshicho, Izumo, Shimane,
693-0031 JAPAN
** Nagano Prefecrural Livestock Experiment Station:
10 Kataoka, Shiojiri,
Nagano, 399-071 1 JAPAN.

About 1000 accession of Zoysia ecotypes collected from about 100 sites were evaluated their
characteristics
in the experiment field in NGRI, according to the Descriptors for Characterization
and Evaluation in Plant Genetic Resources.
Result and Discussion
Clearly
polymorphic
bands
were detected in only a few
primer combination of AFLP
to analyze genetic divergence.
But 5S rDNA sequencing domain did not have critical differences.
Five out of seven
species showed clearly divided
cluster (Fig. 1).
AlthoughZ.
sinica var. sinica and Z.
macrostachya collected in the
same island were similar in
some morphological
traits,
they were obviously separated
into different
cluster.
It is
suggested
that these species
rarely cross each other in natural habitat
In contrast, the
fact that Z. japonica and Z.
matrella were given the same
cluster separating sub-cluster is
considered to be due to high
possibility
of crossing in natural habitat
Zoysiagrass
is
perennial
plant and usually
propagates
vegetatively
in
natural habitat
Vegetative
propagation is likely to advanFig. 1 Phylogenetic
tree obtained by UPGMA method
tageous in subtropics,
but it
and Jaccard coeficient.
possesses
self
compatible
*1 and *2 indicates the plants were collected in Okinawa
fertile
flow ering
and Yaeyamaislands, respectively.
notwithstanding.
This fact
reveals potential of large genetic diversity in indigenous Zoysiagrass population.
Among genetic resources evaluated, an ecotype "Nankoku9" collected in Kouchi prefecture
showed high performance to elongate stolon comparing to standard cultivars "Meyer",
"Emerald" and "Myako" (Fig.2).
After clonal selection and detail examination for cultivar
registration,
the line was named
"Asagake" and is undergoing
inspection by plant breeder's
right
office.
"Asagake" is expected to
contribute toward improvement of
pasture establishment
by its capacity to cover soil rapidly.
Further
survey is being conducted to find
some excellent genetic resources
available for cross breeding.
Thus, diversity of genetic resources
in genus Zoysia, suggests indigenous ecotypes can be treasure
Fig.2 Varietal difference
of stolon elongation.
house of breeding materials.
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Long-term goals of the development of allelopathic
rice cultivars include improved
economics of weed control and maintenance of high quality ground water by supplanting
heavy herbicide usage on rice with the use of weed suppressive rice cultivars (Fujii,
1994).
Experiments were conducted with rice using an agar diffusion Plant box method (Fujii, 1 999a,
1999b).
Apparent allelopathic
activity previously
was observed in the second year of a
two-year field trial in transplanted,
water-seeded rice. In this study, the red Shrine rice
called Awa Akamai reduced total weed biomass about 90% compared to the commercial
Japanese cultivar, Nippon Bare. The mechanisms responsible
for the weed suppression in
AwaAkamai may be valuable for the improvement of weed suppression in commercial
cultivars
of rice.
Suppression
of barnyardgrass
and broad leaf paddy weeds have been
shown in the field in Tsukuba with AwaAkamai and other red rice cultivars.
A plant box method used for assaying activity
of diffusable
phytotoxic
metabolites
(potentially
allelopathic
compounds) in agar in the laboratory
is summarized briefly as
follows.
Rice plants were grown in sand culture in pots for four to eight weeks. Roots
were washed with tap water and then with deionized water to remove sand. Roots of three
rice plants were placed gently into a nylon-mesh-bounded cylinder (3.2 cm diameter by 6.6
cmtall) which was placed upright in one corner ofa 70 by 70 cm wide by 100 cm-deep clear
plastic box. Plant stems were taped to the corner of the box to stabilize the plants in the box.
Hot liquid agar (0.75%; 250 ml per box) was cooled to 40 C and poured into the boxes,
covering all root material, but not covering stems. Boxes containing agar and rice plants
were cooled on ice until agar had solidified
(about 30 min.).
Thirty-one lettuce seeds were
inserted partially
into the surface of the agar in an equidistant
grid pattern. Seeds were about
half way into the agar with the germ (pointed)
end down using porcelain forceps.
Boxes
were sealed around the rice stems and over the box surface with plastic wrap to minimize
water loss, and placed in a fluorescent lighted incubator for 5 days (25 C, 14-hr days: 20 C,
10-hr, nights).
Lettuce seedlings were then removed and root and shoot lengths determined
to the nearest mm. Regression analysis was used to estimate lettuce root length at zero
distance from rice roots (y-intercept),
and slope of the inhibition
curve.
In plant box tests, roots of several rice lines, including
Awa Akamai was highly
inhibitory
to the elongation of lettuce roots. Nihonbare (a non-suppressive cultivar in field
tests in Tsukuba) was usually less inhibitory
to lettuce root elongation than was AwaAkamai.
In plant box experiments in which lettuce seed planting was delayed two or three days,
allowing
allelochemicals
to diffuse greater distances,
apparent allelopathic
activity
was
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INTRODUCTION
The waxy gene encodes granule-bound starch synthase (GBSS), which is a key enzyme in
amylose synthesis of plants, and controls amylose contents in the endosperm.
Foxtail millet, Setaria italica (L.) P.Beauv., has been utilized
in various ways peculiar to
each area of Europe and Asia (Sakamoto
1987).
Landraces of foxtail millet with waxy
endosperm were cultivated
mainly in continental
Southeast Asia, and eastern Asia (Nakayama
et al. 1998).
Two dominant alleles (non-waxy and low amylose content) and a waxy allele
are known in foxtail millet.
In this paper we analyzed structural
variation
in waxy gene to investigate
whether
landraces with waxy endosperm originated
monophyletically
or polyphyletically
and to
clarify difference between three types (non-waxy, low amylose and waxy).
MATERIALS AND METHODS
Materials used
For determining the sequence of waxy gene, a non-waxystrain from Afghanistan (Code.
No.77) was used. For analysis of genomic Southern hybridization,
67 strains (see Table 1)
were analyzed.
Determination
of the sequence of CDNA and genomic DNA of waxy gene using PCR
methods
For amplification
of CDNA, mRNA was extracted from immature foxtail millet seed
according to the method by Wang et al. (1995)
and poly (A)+ RNA was purified
by
oligo(dT)-cellulose.
CDNA was constructed
by Marathon CDNA amplification
kit
(Clontech).
RT-, 5'- and 3'- RACE and genomic DNA PCR were carried out using primers
as shown in Fig.l.
Sequencing was carried out by Shimadzu DSQ-1000L sequencer.
Genomic Southern analysis
To find insertion/deletion
variation in waxy gene, genomic Southern hybridization
was
carried out according to Southern (1975).
Genomic DNA was digested by EcoRl.
Three
PCR products were used as probes as shown in Fig.l.
Hybridization
and detection were
conducted using ECL hybridization
and detection kit (Amersham-Pharmacia).
RESULTS AND DISCUSSION
Structure of waxy gene of foxtail millet
Genomic structure of waxy gene was summarized in Fig.l.
consisted of 14 exons, among which the first exon is untranslated.

Waxy gene of foxtail

millet

Probes used exlex2
M1R3
M5R10
Fig. 1. Structure of waxygene and insertion sequences offoxtail millet and primers and probes used.
TTourist, •E SINE, -^^å MP^^-farge insertions 1 for types III and IV, 2 for V and 3 for type IIV.
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Southern
analysis
Table 1. RFLP variation of waxy gene and its
Seven phenotypes
were found in the
association with wanness and geographical
origin
analysis of genomic Southern hybridization
of foxtail millet landraces.
as shown in Table 1. Interestingly,
RFLP
types corresponded
with the phenotypes
of
waxiness. Non-waxy type corresponded
with RFLP types I and II, low amylose type
with types III and VI, and waxy type with
types
IV, V and VII.
Geographical
distribution
of each RFLP type of the waxy
landraces was different as shown in Table 1.
Type IV was distributed
in Japan and
Taiwan, type V in Korea and type VII in
Myanmar. Insertions of large sequences in
waxygene gave rise to RFLP types III, IV, V
and VII as shown in Fig. 1, and presence of
these insertions was confirmed by restriction
analysis
using other restriction
enzymes
(data not shown).
Small insertions
in types
II and VI were identified
as Tourist in the
intron 1 and SINE-like
sequence in the
intron 12, respectively,
by PCR and
sequencing analyses (Fig. l).
Origin of waxy type in foxtail millet
All of three RFLP types of waxy foxtail millet had insertion sequences, larger than 5 kb in
waxy gene. Waxy phenotype can be attributed
to these large insertions,
as found in maize
(Veragona et al. 1992), which alter expression pattern of waxy gene. Based on the structural
analysis, it was concluded that waxy types of foxtail millet originated
polyphyletically.
ACKNOWLEDGEMENTS
Thanks are due to Dr. Y. Sano, Hokkaido University,
for providing
some information for
amplification
of waxy gene. Weappreciate Dr. Y. Kubo, Okayama University,
for his technical
advice and suggestions.
REFERENC ES
Fukunaga, K., E. Domon, M. Kawase (1997)
Ribosomal DNA variation in foxtail millet and a
survey of variation from Europe and Asia. Theor. Appl. Genet. 95:751-756
Nakayama, H., M. Afzal, K. Okuno (1998)
Intraspecific
differentiation
and geographical
distribution
of Wx alleles for low amylose content in endosperm of foxtail millet, Setaria
italica (L.) P. Beauv. Euphytica 102: 289-293
Sakamoto, S. (1987)
Origin
and dispersal
of common millet and foxtail
millet.
JARQ
21:84-89
Southern, E.M. (1975)
Detection
of specific
sequences among DNA fragments separated by
gel electrophoresis.
J. Mol. Biol. 98:503-517
Varagona, M.J., M. Pufugganan, S.R. Wessler (1992)
Alternative
splicing
induced
by
insertion of retrotransposons
into the maize waxy gene. The Plant Cell 4: 811-820
Wang, Z.-Y., R-Q. Zheng, G.-Z.Shen, J.-P. Gao, D. P. Snustad, M. G. Li, J.-L. Zhang and
M.-M.Hong (1995)
The amylose content
in rice endosperm is related
to the
post-transcriptional
regulation
of the waxy gene. Plant J. 7: 613-622

139
Core collections,

DNA markers and bio-informatics:
new tools for "mining"
resources held in gene banks - Sorghum as an example

C. Grenier1'2, PJ. Bramel1, P. Hamon3, J. Chantereau2,
M.
Kresovich4,
K.E. Prasada Rao5, V. Mahalakshmi1,
^CRISAT, Patancheru,
502 324 AP, India (r.ortiz(a)cqiar.orqh
Montpellier
III/IRD;
Montpellier,
France; 4Comell Univ., Ithaca,
Visakhpatnan,
AP, India

plant

genetic

Deu2, M. Noirot3, V.G. Reddy1, S.
J.H. Crouch1, R. Ortiz1
2CIRAD, Montpellier,
France; 3Univ.
USA; 5Academy of Biological
Sciences,

The large collection
of sorghum [Sorghum bicolor (L.) Moench] landraces
held at the International
Crops Research Institute
for the Semi-Arid Tropics (ICRISAT),
represents
a challenge
for the
maintenance
of both the accessions
and the information
documented for this germplasm..Accessibility
and knowledge of this collection
are essential
factors for an efficient use of sorghum genetic resources
by both breeders and farmers. This large size of the sorghum landrace collection
maintained
by
ICRISAT led to the establishment
of a core collection.
Core collections.
A core collection
refers to a limited
set of accessions derived from an existing
germplasm collection,
chosen to represent the genetic spectrum in the whole collection.
The core
contains the maximum diversity
available
in the collection.
Accessions
in the core are chosen primarily
to be representative
of the whole collection,
to be ecologically
or genetically
distinct
from one another,
and to maximize genetic diversity.
The core collection
serves as an entry point to the whole collection.
Identification
of core collections
also simplifies
the process of multiplication
and distribution
to
potential
users by substantially
reducing the number of accessions
that need to be maintained
in
active collections.
Core collections
can be formed using characterization
information
available
on
germplasm accessions,
which can further determine
cluster groups of similar accessions
together.
A
series of investigations,
reported below, were undertaken to define sorghum core collections
and to
compare each of their sampling
procedures.
During this research,
an assessment was also made,
according
to geographic
and taxonomic classification,
to determine the diversity
pattern maintained
in
the landrace collection
and its adequacy.
This assessment
indicates
that the sorghum collection
held in
trust at ICRISAT was underrepresented
for the race bicolor and for accessions
from China.
Furthermore, this assessment
highlighted
redundancies
especially
in races caudatum and durra, as
well as in the germplasm acquired from East Africa and South Asia.
Morpho-agronomic and passport data. Different
sampling
strategies,
either random or nonrandom, were proposed to obtain core subsets of reduced size. Three subsets were established
following
a random sampling
within a stratified
collection
(logarithmic
strategy:
L), a sample based
upon morpho-agronomic
diversity
(principal
component score strategy:
PCS), and a sample based
upon an empirical
knowledge
of sorghum (taxonomic
strategy:
T). Comparisons
of these samples for
morpho-agronomic
characterization
and passport information
were assessed to determine
their impact
on phenotypic
diversity
(Grenier
et al. 2000a).
For their overall diversity,
the three subsets did not
differ, as shown with the two-dimensional
representation
of the morpho-agronomic
diversity
and the
Shannon-Weaver diversity
indices. When comparisons
for morpho-agronomic
and passport data were
considered/
the PCS subset looked similar to the entire landrace collection.
The L subset showed
differences
for characters
associated
with the photoperiod
reaction that was considered
in the
stratification
of the collection.
The T subset was the most distinct
from the entire landrace collection
as
it over-represented
the landraces
selected by farmers for specific uses and covered the widest range
of geographical
adaptation
and morpho-agronomic
traits.
Molecular markers. Microsatellite
markers (SSR) are used in crops to differentiate
among genotypes
and as tools in marker-aided
selection
and gene introgression.
Early research with the sorghum world
collection
showed significant
variation
in the five microsatellite
markers examined:
2.4 was the
average number of alleles
per locus within accessions
and 19.2. in the whole sample of 25 accessions
(Dje et al. 2000). This sorghum collection
seems to be highly structured
genetically
with about 70% of
genetic diversity
accounted for among accessions.
In contrast,
morphologically
defined races of
sorghum, or the geographic
origins accounted for below 15% of the total genetic diversity.
This result
shows that microsatellites
are useful in the identification
of individual
accessions
with a high relative
contribution
to the overall allelic
diversity
of the collection.
Hence, microsatellite
markers were used to
quantify
genetic diversity
in each of the sampling
procedures
(PCS, L, T) using polymorphism
at 15
microsatellite
loci (Grenier
et al. 2000b).
The landraces
of each subset were genotyped
with three

140
multiplex
polymerase
chain reactions
of five fluorescent
primer-pairs
each with semi-automated
allele
sizing. The average allelic
richness
for each subset was equivalent
(16.1,
16.3 and 15.4 alleles
per
locus for the subsets PCS, L, and T, respectively).
The average genetic diversity
was also comparable
for the three subsets
(0.81,
0.77 and 0.80 for the subsets
PCS, L, and T, respectively).
Allelic
frequency
distribution
for each subset was compared with a %2 test but a few significant
differences
were observed. A high percentage
of rare alleles
(71-76%
of 206 total rare alleles)
was maintained
in
the three subsets.
The global
molecular
diversity
retained
in each subset was not affected
by the
phenotypic
sampling.
Bioinformatics.
Researchers
worldwide
have developed
DNA marker-based
maps of sorghum.
Information
gathered
by these research teams on sorghum maps has been included
by ICRISAT in the
WWW.Information
on all linkage
groups from a specific
source or on a particular
linkage
group from a
specific
source are displayed
with details
at http://qrep.icnsat.cqiar.org/rflp/sorqhum
maps.htm
Comparative
genome mapping of related
plant species
has shown that the organization
of genes is
highly
conserved
during the evolution
of members oftaxonomic
families.
This has lead to the
identification
of genome co-linearity
between the well-sequenced
model crops and their related
species (e.g. Arabidopsis
for dicots and rice for monocots).
Co-linearity
overrides
the differences
in
chromosome number and genome size. The rice genome project has constructed
a RFLP linkage
map
with 2275 DNA markers (Harushima
et al. 1998).
By studying
the synteny between the rice and
sorghum genomes a consensus linkage
map consisting
of 607 DNA markers covering
1285 cM was
developed.
A high degree of co-linearity
exists between the 10 sorghum linkage
groups and the 12
rice linkage
groups (Nagamura
et al. 1998).
An interactive
representation
of available
data from this
rice-sorghum
genome synteny project (http://qrep.icrisat.cgiar.org/svnteny/intro.htm)
was developed
at ICRISAT. Likewise,
all sequences
in GenBank were screened for the presence of SSR. These
sequences have been collated
in a database
with direct linkage
to primer design software. There are
21,800 sequences available
for sorghum, and 622 SSR were detected
recently
(http://qrep.icrisat.cqiar.orq/homepaqe/genomics/output.asp).
Information
on publicly
available
micro-satellite
markers in is being compiled
in a separate
database
to be used for removing overlap
with GenBank sequences prior to selection
of sequences
for design
primers.
Outlook. ICRISAT and its research
partners
have designed
experiments
across a range of
environments
to simulate
different
types of drought
stress encountered
by rice and sorghum. We
should expect in the mid-term to identify
and characterize
useful genomic regions conferring
drought
tolerance
to cereals. The common regions relevant
to drought tolerance
will be further
saturated
and
annotated.
Additionally
appropriate
test materials
will be chosen to assess the relevance
of these
genomic regions in each of the targeted
cereal crops in managed stress environments.
In the longterm this approach
should lead to the isolation
and characterization
of candidate
genes for drought
tolerance
because the ordering
of DNA loci between rice and sorghum chromosomes corresponds
well.
This gene order conservation
between both genomes permits that genes in sorghum are isolated
by
map-based cloning
at the homologue in rice, and then by homology in sorghum.
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Recently, heavy-ion bombardment (HIB) to plant is investigated
to obtain a certain
mutant. Abe et al. extensively
studied the application
of this method to tobacco plant using
accelerated heavy-ion beams from a ring cyclotron, and they established
it as the effective
method to obtain a mutant (Abe et al., 2000). Application
of this method to other plant
such as Arabidopsis
(Shinozaki
et al., 1997) and roses (Kitakura et al., 2000) were also
studied, however, those to agricultural
important crops such as wheat, barley, and rice have
not been reported. In this study, the HIB application
to wheat and barley for obtaining a
certain mutant were examined.
Materials and Methods
In the experiment in barley (Hrodeum vulgare L.), recent Japanese breeding line of
barley, Kantohadaka 77 (six-rowed, naked cariopsis, uzu, waxy endosperm) was used as a
plant material. Both imbibed (12 hr, 20°C) and dry seeds were irradiated
with 5-400 gray
of dose by heavy-ion beam (l5N; 1 35Mev/u)
accelerated by RIKEN ring cyclotron and
cultivated
in 1997-1998.
Their growth were observed and individual
M2 seeds were
harvested.
After braking dormancy by 1 % H2O2 treatments, individual
10-20 seeds were
sown, and an occurrence of albino plants was examined. Remaining M2 seeds were mixed
by their absorbed doses, aliquots of them were cultivated
in 1 998- 1999, and early heading
or short culm plants were selected as putative mutants. Some of these lines were crossed
to Kantohadaka 77 and/or Misatogolden
(two-rowed, Japanese barley cultivar).
In 1 9992000, M3, F] and F2 plants were cultivated and their phenotypes were examined.
In the experiment in wheat (Triticum aestivum L.), recent Japanese bread wheat cultivar,
Bandowase was used as a plant material. Both imbibed (24 hr, 4°C) and dry seeds were
irradiated
according to the method described above. Treated seeds were sown on the tray
of vermiculite,
cultivated to their 2 leaf stages, and their growth were examined.
Results and Discussion
In the barley experiment in 1 997-1998,
the cultivation
condition was not good for
barley, only 21 % plants was survived even in control (without HIB) experiment. In HIB
over 20 and 200 Gy to imbibed and dry seed of barley, respectively,
their growths were
severely inhibited,
and then their M2 seeds were not obtained.
Occurrences of albino plant
of individual
M2 seeds were observed in 5 Gy to imbibed seed, 10 and 20 Gy to dry seed
treatments. These results suggested that a certain mutation can be induced by HIB to
barley and optimal doses of irradiation
are estimated about 5 Gy in imbibed and 50 Gy in
dry seed treatment, respectively.
Occurrences of albino plants in M2 seeds were reinvestigated
in 1999-2000
HIB as well as NaN3 treatments to Misatogolden.
Among each
300 M2 line, albino plants were appeared in 4, 10 and 21 M2 lines of 5 Gy imbibed, 50 Gy
dry HIB seeds, and NaN3 (8 mM) treatment, respectively.
These results suggest that the
mutation can be induced even in this line by HIB. However, this method may be less
effective than NaN3 treatment to mutate barley. These results were summarized in Table 1.
In wheat experiment, as shown in Table 2, the growth of over 50 Gy imbibed and 200
Gy dry HIB seeds were inhibited
severely. The optimal doses in wheat may be 10-20 and
1 00 Gy treatment to imbibed and dry seeds, respectively.

In 1998-1999,
M2 seeds of barley Kantohadaka 77 were cultivated,
1 1 early heading
and 15 short culm plants were selected as putative mutants. Some of these lines were
crossed to Kantohadaka 77 and/or Misatogolden.
In 1999-2000,
M3, Fl5 and F2 seeds were
cultivated,
and their phenotypes
were examined. All the 1 1 putative early heading lines
didn't head earlier than normal line. Among 1 5 putative short culm lines, severe dwarf line
(d3, selected from 100 Gy dry HIB seeds), and two semi-dwarf line (d4 and d5, selected
from 50 Gy dry and 5 Gy imbibed HIB seeds, respectively)
whose leaf expansion are
imperfect, were selected as homozygous phenotypes for short culm. Phenotypes of F]
between them and Kantohadaka 77, and Misatogolden
were as same as those of
Kantohadaka 77, and ¥{ between Kantohadaka 77 and Misatogolden,
respectively.
As
shown in Table 3, all their F2 were segregated into mutant and normal with the 1 :3 ratio,
expecting that all of these 3 line is single gene recessive mutant. As shown in Figure 1,
culm lengths of F2 between Kantohadaka 77 and d3 mutant were clearly segregated.
These results clearly demonstrate that HIB is effective to mutate barley. Using this
unique method, a novel mutant of crop may be developed in the near future.
Table

1. Effect

of heavy-ion bombardment

Table 3, Segregation

on barley

Table 2. Effect

of heavv-ion

bombardment

on wheat

ofF? plants

Fig. 1. Segregation
of F2 beteween Kantohadaka
and d3 mutant

77
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In the breeding
of fruit tree, the shortening
the selection
period is an important purpose, because long years
and considerable
cost and labor are needed for the selection
of fruit character.
In the case of Japanese pear
(Pyrus pyrifolia Nakai), the selection
of fruit characters such as the fruit skin color is impossible
for some years
until developing
fruit.
Recently, the juvenile
selection
using the DNA marker has been used practically
in the
major crops.
If the marker-assisted
selection
(MAS) were practically
used in the fruit breeding,
it seems to be
able to rapidly
improve the breeding
efficiency.
The objective
of this study was development
of the DNA
marker for fruit character and application
to the MAS in the Japanese pear. In this poster, two experiments for
developing
DNA marker linking to the gene controlling
the fruit skin color were reported.
Screening

of RAPD markers linked to the fruit skin color by using bulked

DNA analysis

Two Fj progenies from 'Kosui' x 'Kinchaku' and 'Niitaka'
x 'Chikusui'
segregating
for fruits skin color were
used in this experiment (Table 1). Total DNA was extracted from leaves by modified CTAB method.
On each
cross combinations,
two kinds of DNA samples were bulked from the Fi individuals
with red-skinned
fruit and
blue-skinned
fruit respectively.
Random 10-mer primers (Operon Technologies,
Inc.) were independently
used
for RAPD analysis.
PCR was conducted by thermal cycler programmed for one cycle of 10 min at 95°C, 40
cycles of 1 min at 93°C, 2 min at 40°C and 2 min at 72°C, and one cycle of5 min at 72°C as final extension.
Amplification
products were separated on 1.5% agarose gels and stained by ethidium bromide.
RAPDs were
observed and recorded under UV light.
Total 180 random primers were screened against the four DNA bulks
from two progeny.
An average of4.5 bands were amplified per primer (Total 818 bands).
Three bands were
associated
with red skin color and five fragments were associated with blue skin color.
A fragment generated
by OPH19 was selected by the linkage analysis
in all Fj progeny (Fig. 1).
The linkage value between this
marker and blue skinned phenotype was about 8% (Table 2).
This marker seemed to be useful for the selection
of the blue skinned individuals.
Identification

of bud mutation at fruit skin color by AFLP analysis

To detect polymorphisms
on the gene controlling
the fruit skin color directly,
amplified
fragment length
polymorphism
(AFLP) analysis was conducted among six bud mutation varieties on the fruit skin color and their
original
varieties
(Table 3).
The AFLP was detected using Plant Mapping Kit of PE Applied
Biosystems.
Total genomic DNA was cut by two restriction
endonucleases
(EcoRl and MseX). Double-stranded
adapters
were ligated
to the ends of the restriction
fragments.
Using the constructs
as template,
pre-selective
amplification
was performed by the specific
primers for the adapter sequence.
Then, selective
amplification
was also performed by the selective
primer sets with fluorescent
dye-label
on the EcoRl side.
The
amplification
fragments were observed and analyzed by the ABI PRISM310
genetic analyzer.
Total 774
fragments were generated by using ten selective
primer sets. On 22 fragments, the polymorphism
was observed
between bud mutation and original variety (Table 3).
Four kinds of fragments could distinguish
more than one
bud mutation variety.
A fragment that generated by ACT-CAA primer set was commonin the three varieties
with blue skinned fruit. This fragment may be used in order to select the individuals
with blue skinned fruits.
Above two experiments were possible
to utilize
for the marker development even in plant species, which has
highly
heterozygosis
genome, without requiring
genetic linkage
map and information
of DNA sequence.
Therefore, it seems to be an effective technique for conveniently
developing
selection marker in the fruit tree.
At present, we are developing
the sequence tagged site (STS) marker.

F1

Table 1. Segregation
among
progeny
DNA analysis

of fruit skin color
used for bulked

Fig.1.
Separation
of amplification
products
generated
by primer OPH19
from four kinds
of bulk
DNA (M; ZHindIII+
^X174/HaeIII,
7R; No.7/Red-bulk,
7B; No.7/Blue-bulk,
19R;
No.l9/Red-bulk,
19B;
No.19/Blue-buIk,
White
arrow head; RAPD marker 'OPH194255).
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Within the genus Vigna subgenus Ceratotropis the V. minima complex species V.
nakashimae and V. riukiuensis are endemic to East Asia. These two species can act as bridging
species for gene transfer between the cultigens
V. angularis and V. umbellata that exhibit
compatibility
barriers and V. riukiuensis has been suggested as gene donor to V. angularis for
heat tolerance. The objectives
of this research were to measure the inter and intra-species
diversity
in taxa of Vigna subgenus Ceratotropis from East Asia.
Materials
and methods: In total 36 samples of V minima complex taxa, two samples of V.
umbellata and V. angularis and 5 samples of V. reflexo-pilosa were analysed (Fig. 1). Total
genomic DNA was extracted and AFLP fingerprinting
was carried out by standard procedures.
Jaccard's coefficient
was calculated and similarity matrices were also subjected to principle
component analysis (PCA). Shannon' s information index for phenotypic diversity
and genetic
diversity
based on inferred nucleotide
diversity were calculated. A neighbor-joining
tree was
constructed on the basis of the pairwise distance by PHYLBP ver. 3.57.
Results and discussion:
A total of 1,611 fragments were generated by 12 primer pairs and
scored fromgels. The number of polymorphic fragments identified
within species ranged from
35 for V. reflexo-pilosa
to 299 for V. minima. A total of 801 polymorphic
fragments were
detected within species compared to 643 among species.
Relationships
among species: A matrix of inferred nucleotide diversity
from AFLP data was
prepared and used to create a phenogram that shows phylogenetic relationships
among accessions
(Fig. 2). This analysis revels a clear separation of each species. Vigna minima, V.nakashimae and
V. riukiuensis
are clearly separated from each other. Vigna minima has an average genetic
distance of 0.026 from V.nakashimae and V. riukiuensis. Vigna nakashimae and V. riukiuensis
have a genetic distance of 0.01 16 from each other. A three dimensional PCA plot that accounts
for 69% of the variation reveals that each taxon is clearly separated(results
not shown). These
results support the view that these are three distinct taxa.
Variation within species: Vigna riukiuensis has a restricted distribution
in Taiwan and Okinawa
prefecture, Japan, and the 16 populations analysed cover much of the species range. Clear genetic
differences
between V. riukiuensis
populations
from Miyako and Yaeyama archipelagos
(Iriomote, Ishigaki and Yonaguni) have been revealed (Table 1). One population fromHateruma
is intermediate.
The genetic distance between Miyako and Hateruma populations
and those of
Iriomote, Ishigaki and Yonaguni is 0.0039. This suggests that there is a floristic barrier between
Ishigaki and Miyako islands.
The 18 populations
of V. nakashimae analysed come from much of the eastern part of
this species distribution.
The genetic distance between Korean and Japanese populations of V.
nakashimae (0.0036)
and Yaeyama and Miyako archipelago
populations
of V. riukiuensis
(0.0039)
are very similar (Table 1). This may reflect the fact that these two species have evolved
over a similar period of time in the areas studied.
Reference
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Table 1. Phenetic and genetic
accessions from different regions

distances

and Shannon's

diversity

index(Ha)

among V. minima

Fig. l(left).
Collection
sites of populations
of V. nakashimae, V. riukiuensis
and V.
reflexo-pilosa
used in this study.

Fig. 2(above). Neighbor-joining
tree of all diploid
Vigna species analysed based on a matrix of
inferred nucleotide
diversity.
Number at branch indicates probability
supporting
that branch.
Branch length corresponds to nucleotide diversity.
ang= V. angularis; nip= V. angularis var.
nipponensis: nak= V.nakashimae: min= V. minima; riu= V. riukiuensis.
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I ntroducti on
Mutants of rice had been isolated by gamma-irradiation
for the plant breeding in gamma
field of National Institute
of Agrobiological
Resources (NIAR).
Thousands of mutants which
were isolated from cultivars showed the changes in morphology. However, their biochemical
and genetical characters are not yet understood.
Recently, genome analyses of higher organism including rice have been progressed and
the proteomics, one of the major post-genome studies, have started in all over the world. We
started the proteome analysis of rice for the understanding
of the unknown functions of the
newly identified
genes using radiation mutants of rice. In this paper, we show the preliminary
results by rice mutant analysis and have described the perspective of proteome analysis using
radiation mutants.
Materials and Methods
Mutants of rice (Oryza sativa L.) had been isolated by gamma-irradiation
in gamma field
at NIAR, Oomiya, Japan. Radiation mutants from Nihonmasari and Norin 8 were cultivated
in the field at NIAR, Tsukuba, Japan, 2000. The length of culms and panicles were measured
to know the basic morphological
variations.
Young leaves (the third leaves and others) were
isolated
and proteins
were analyzed by the two-dimensional
polyacrylamide
gel
electrophoresis
(2D-PAGE).
2D-PAGE analyses were performed based on the OFarrells
procedure.
However, several points were changed to improve the sensitivities
and
separations.
To prevent the overlapping
of the protein spots, proteins were fractionated
into
two categories, without detergent and with detergents.
Sequentially,
proteins were extracted
by using detergents conditions after the non-detergent condition.
Contaminants which would
interfere the isoelectric
focusing of proteins such as salts and organic compounds were
removed by acetone precipitations.
Cross-linking
reagents and ratio in acrylamide gel were
changed to improve the separation and to reduce the background of silver staining.
After the
electrophoresis,
proteins
were visualized
by Coomassie brilliant
blue staining or silver
staining which has no oxidative process. The proteins were digested by trypsin in gel and
analyzed by a mass spectrometry.
Results and Discussion
The length of culms and panicles,

the days to heading

after seeding

were measured in
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radiation
mutants, 122 derived from Nihonmasari and 158 derived from Norin 8. Based on
those data obtained by field studies, the radiation mutants were found to be different
from
standard cultivars in basic characters.
Mainly mutants in color of leaf were analyzed by novel 2D-PAGE. All of proteins
extracted by lysis buffer including
several detergents
showed thousands of spots in gel. It
was hard to compare the electrophoresis
pattern because of too many spots. Therefore, we
fractionated
proteins into two categories, which were then extracted by with and without
detergents.
We focused on the comparative analysis in the soluble fraction which were
extracted without detergent.
The protein fraction should have the enzymes related to dark
reaction, as mutants in leaf color are supposed to have mutations related to chloroplast
or
photo synthesis.
Several strains showed some differences
from the standard cultivars.
Some spots had
increased and decreased contents of proteins and some strains showed changes of isoelectric
points.
Summarized the differences
in spots between standards and mutants, mutation of
protein which were caused by the substitution,
the deletion of amino acid, or the posttranslational
modifications
were not observed every spots in 2D-PAGE profile. The changes
of the electrophoretic
behavior were classified
into some categories.
The proteins found by
this study would be the candidates of the proteins which should be related to the leaf color
and/or the mutated gene.
The differences in mutants could be visualized
by Coomassie brilliant
blue staining and
more than one microgram of proteins were hopefully
expected to be existed
in the
polyacrylamide
gel. According to our experience of primary structure analysis of proteins,
there should be enough contents of proteins in polyacrylamide
gel for the analysis by a mass
spectrometry, though a protein sequencer could not analyze one spot and it is impossible
to
react the Edman degradation
in N-terminally
modified proteins.
Trypsin was applied to the
spots and the analysis have in process to identify
the mutant gene or protein expression
affected by the mutations in leaf color. Some photosynthesis
related proteins were identified
by the analysis of the mass spectrometry.
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Legume storage pests are a major source of crop loss. The objectives
of the research
reported here are to find new sources of resistance
to the major insect pests of legumes,
Callosobruchus
spp. the bean weevils, to isolate the chemicals
involved in resistance
and
incorporate the sources of resistance into breeding lines.
Materials

and Methods
63 Vigna subgenus Ceratotropis
accessions
that constitute
a species core germplasm
collection
have been evaluated
for resistance
to the bean weevil species
Callosobruchus
maculatus and C. chinensis. Resistance was first tested using whole seeds (Fig. 1) then again
using artificial
seeds made from ground seed flour for each accession (Fig. 2-4). Details
of
methodology
for evaluating
insect resistance
are provided in Tomooka et al. (2000).
The
bioactive chemicals responsible
for resistance in Vigna umbellata were concentrated in n-butanol
after extraction in 85% methanol. Then they were fractioned
using a silica gel column eluted
with AcOEt-MeOH (2:8).
The bioactive
fraction obtained
by column chromatography
was
further purified on a LH-20 column and then by HPLC (Simazu-lOA).
Results

and discussion
About 25% of the species core germplasm collection
evaluated were found to have a high
level of resistance to both C. maculatus and C. chinesis this compares to about 1% or less for
evaluation of different varieties
of the cultigen, mung bean (V. radiata)
(Tomooka et al., 2000).
Based on the results of evaluation the most promising source of resistance to Callosobruchus
spp. in cultivated
species of the subgenus Ceratotropis
appears to be the rice bean, Vigna
umbellata (Table 1). Wild species exhibiting
resistance have the disadvantage
that the chemicals
responsible
for resistance need to be tested carefully
for their safety in human food. Transfer of
resistance from one cultigen to another does not pose this problem.
The bioactive
chemicals responsible
for resistance
to C. chinensis in V. umbellata have
been isolated. In the artificial
seed test, seeds consisting
of 3% chemical extract and 97% azuki
bean flour, larva emerged from eggs but died before the second instar (Fig. 4). The chemical
structures of these compounds are now being elucidated.
Direct transfer of bruchid resistance from V. umbellata to V. angularis, azuki bean, is
problematic
due to incompatibility
barriers. Consequently,
V. nakashimae and V. riukiuensis
are
being used as a bridging species to facilitate
gene transfer. At the same time the F2 population
of
the cross between V. umbellata and V. nakashimae is being used as a mapping population
to
determine the location of the gene(s) involved in resistance to both Callosobruchus
chinensis and
C. maculates.
Reference
Tomooka, N., K. Kashiwaba, D.A.Vaughan, M.Ishimoto and Y. Egawa. 2000. The effectiveness
of evaluating
wild species:
searching for sources of resistance to bruchid beetle in the
genus Vigna subgenus Ceratotropis. Euphytica 1 15:27-41.

Table 1. Levels of resistance
of accessions
species against Callosobruchus
chinensis
on 3 replications.

Fig
Fig
Fig
Fig

1.
2.
3.
4.

of cultivated
Vigna subgenus Ceratotropis
and C. maculatus ( Bruchid beetles ), based

Rice bean( Menaga ) seed 40 days after C.chinensis
eggs had been laid.
Artificial
beans made from rice bean flour 40 days after C. chinensis
eggs had been laid.
Artificial
beans( control ) made from azuki bean flour 28 days after C. chinensis
eggs had been laid.
Azuki been flour mixed with extract from Menaga seeds 40 days after C. chinensis eggs had been laid.
These artificial beans contains 3% freeze-dried
material after 85%MeOH-nBuOH extraction.
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INTRODUCTION
Hybrid weakness, such as necrosis, grass clump dwarfness and partial pollen
sterility,
is often seen in Fx hybrids between commonwheat cultivars.
Geographical
distribution
of such complementary
genes suggested
the occurrence of genetic
differentiation
between western and eastern wheat cultivars (Tsunewaki 1970).
Ecogeographical
condition
is largely
diversified
within China, being generally
colder and less precipitation
in west and north China.
Iwaki et al. (2000)
revealed
ecological
differentiation
between west and north China and east and south China, by
the analysis of genes for vernalization
response.
Analysis of adaptively
neutral genes,
such as Igcl for gametocidal inhibitor
(Tsujimoto
et al. 1998), isozyme genes (Kato et
al. 1998) and so on, indicated genetic differentiation
between two areas.
In the present study, RAPD as adaptively
neutral polymorphism
and CAPS for ABA
responsive
Em genes as adaptively
important
polymorphism
were analyzed
to
characterize genetic diversity
in east Asian wheat.
MATERIALS & METHODS
A total of 56 wheat landraces (Triticum aestivum) covering 10 localities
from China
to Japan (Fig. 1) were studied for DNA polymorphism.
RAPD analysis : Total DNA was extracted from etiolated
shoots of 10 days old
seedling
by CTAB method, and used as a template for PCR amplification.
Twelve
random primers (12mer,
Bex), which successfully
detected
polymorphism
in the
preliminary
experiment, were used for RAPD analysis.
CAPS polymorphism
: A specific primer set was designed to amplify a specific
region (1.5 - 2.2kbp) ofEm (Litts et al 1991) and EmH2A (Futers et al 1993) genes
which code Em protein and are responsive to ABA. Amplified product was digested
by several restriction
enzymes for CAPS analysis (Fig. 2).
Nucleotide
sequence of
amplified
products was determined by using the Dye-Primer method.
RESULTS & DISCUSSION
Fourteen polymorphic
markers were obtained by RAPD analysis of 56 wheat
landraces.
In four areas of west and north China (Tibet,
Northeast
area, Gansu &
Ningxia, and Xinjiang),
the number of polymorphic
markers and polymorphic
index
were more than 8 and 0.107, respectively,
indicating
the existence of large genetic
variation.
In six areas of east and south China, Korea, and Japan, genetic variation was
smaller as indicated
by two indices which were less than 8 and 0.114, respectively,
being specially
smaller in spring type landraces.
Frequency of ll markers was
significantly
different
between spring wheat area (west and north China) and winter
wheat area (east and south China, Korea and Japan).
Cluster analysis based on genetic
distance grouped ten areas into two clusters (Fig. 1). Cluster I consisted of areas in
east and south China, Korea and Japan, while areas in west and north China were
grouped into cluster II.

The analysis
of esterase
isozyme revealed genetic
similarity
in areas from
Transcaucasus to west and north China (Washio & Kato 1996), indicating
that wheat
spread eastwards without severe selection in these semi-arid areas. On the other hand,
wheat landraces in east and south China is genetically
differentiated
from those in west
and north China.
Spring wheat is mainly cultivated
in west and north China where
winter is severely cold and rainfall
is less during wheat season. On the contrary,
winter wheat is mainly cultivated
in east and south China with relatively
warm and wet
climate.
It was therefore suggested that bottle neck effect due to severe selection for
adaptively
important
characters
caused drastic change of genetic structure of wheat
populations
in east and south China.
CAPS polymorphism
at Em gene was detected by the digestion
with four restriction
enzymes, Taq I, Dra I, HinfI and Hinc II, and at EmH2A gene with Taq I. Sequence
analysis of Em gene for typical three cultivars
revealed that all of the site changes
occurred in 5f upstream or 5' untranslated
regions (Fig. 2).
Nucleotide
substitution
at
ABA responsive elements (ABRE and G-box) was also detected in type B landraces.
As to EmH2A gene, Taq I site change in 31 untranslated
region was confirmed.
CAPS polymorphism
at Em gene was surveyed for 56 wheat landraces, and they
were classified
into three types as shown in Fig. 2. In winter type wheat, frequency of
three types is not different between areas. On the contrary, the frequency is different in
spring type wheat, and B type instead of A type is frequently
found in east and south
China and Japan. As to EmH2A gene, 'V type seemed frequently found in spring type
wheat, though geographical
difference was not clear.

Fig. 1. Genetic relationship
between
local wheat populations,
based on
RAPD polymorphism.

Fig.2. Structure and restriction
map of Em and EmH2Agenes, and primer
binding
sites.
Asterisks
indicate polymorphic
restriction
sites, while
other sites are not indicated.
+,-; Presence and absence of restriction
site.
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Receptor protein kinases mediate cellular signaling
processes in diverse biological
systems. The few plant receptor-like
protein kinase that have been studied to date was
postulated
to mediated self-recognition,
differentiation,
and disease resistance (Song et al.
1995; Takahashi et al 2000). In rice, the biological
function of most of these genes remains
unclear. We have used RT PCR and 3fRACE to identify diverse receptor-like
protein kinase
genes expressed in the callus, shoot, root and immature seed of rice {Oryza sativa L.). The RT
PCR primers encoded the conserved regions among the catalytic
domain for phospholylation.
These primers amplified, six transcripts
from immature seed, two from callus and shoot, and
one from root. The eleven RT PCR products were sequenced to permit design of genespecific forward primers for use with anchored oligo dT primers in 3'RACE. Sequencing of
the 3'RACE products indicated
that every transcripts
encoded receptor-like
protein kinase.
From the results of the homology search based upon the database, seven of eleven transcripts
proved to be an new protein kinases. Sequence of the D309 transcripts
showed high
homology to the maize CR4 gene, which is related to the cell differentiaiton
of aleurone layer
of the maize seeds (Becraft et al 1996).
To isolate a genomic clone for a receptor-like
protein kinase having high homology to
maize CR4 gene, the 5.5kb Hindill DNA fragment was subcloned in plasmid vector from rice
BAC library (Nakamura et al. 1997). The complete DNA sequence contains 373bp of a 5'
untranslated region, 2,706bp of an open reading frame, and 346bp of a 3f untranslated
region.
The open reading frame encodes a 902 amino acid peptide with a calculated molecular was of
97,376 kD (Fig. l). The protein for this open reading frame was designated OsCR4. The open
reading frame we assigned is likely the complete open reading frame. Several topological
features of the predicted
OsCR4 protein was noted. 1) Leu rich repeats (LRRs) domain
(amino acids 32-330)
followed by Cys clusters (amino acids 352-406)
were existed, both of
which have been suggested
to be involved in receptor-ligand
interactions
(Kobe and
Deisenhofer
1994).
2) The hydropathy
analysis revealed that the protein contains highly
hydrophobic
regions (amino acids 420-441)
which is immediately
followed by several
positively
charged amino acids (amino acids 412-418)
3) cytoplasmic
domain possessing all
the hallmarks
of catalytic
domains of eukaryotic protein kinases (amino acids 408-901)
(Fig.2).
These structural
features of extracellular
ligand-binding
domain, the membranespanning hydrophobic
segment and the highly consensus kinase domain strongly suggest that
the encoded protein function as a receptor protein kinase.
DNA blot analysis suggest that the japonica and indica rice varieties contain a single
copy of the OsCR4 gene showing no polymorphisms.
On wild rice species,
DNA
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polymorphisms
were shown in O.australiensis
and O.officinalis.
O.rufipogon,
which is
believed in the ancestry of the O. sativa showed the same patterns with the O. sativa. These
results indicated
that the analysis of DNA polymorphims by using OsCR4 gene was precisely
reflected
the revolutionally
relationship
among Oryza species;
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Introduction
Mitochondrial
genomes of flowering
plants are very interesting
because of
their unique gene-expression
system, extensive
genome rearrangements
and some important
breeding
traits such as cytoplasmic
male sterility.
However, since the report of Unseld et a/. (1 997), Arabidopsis
has been
the only flowering
plant that the complete
sequence of mitochondrial
genome is available.
Here, we describe the nucleotide
sequence of sugar
beet mitochondrial
genome, the second completed
sequence of the
mitochondrial
genome of flowering
plant.
Sequence
analysis
The entire genome size of the sugar beet mitochondria
is 368,799
bp, with
an overall G+C content 43.9 %. Homology searches to match the entire
genomic sequence with known sequences in the public DNA data base
detected
29 protein-coding
genes, 5 rRNA genes, and 25 tRNA genes,
which altogether
account for 1 1.3 % of the genome. Although
most of the
genes identified
here are also found in Arabidopsis
mitochondria,
a few
differences
are noted in the gene content between sugar beet and
Arabidopsis.
The sugar beet mtDNA also contains repeated
DNA
segments, the size of which varies from 50 to 22,739
bp. The repeated
sequence elements cover 1 0.3 % of the genome. It is well documented
that
plant mtDNAs contain many sequences of foreign origin. We identified
chloroplast
DNA (CPDNA) and nuclear-like
sequences of 2.1 % and 3.3 % of
the genome, respectively.
Sugar beet mtDNA has at least 20 group II introns
in seven proteincoding genes. A total of six trans-splicing
introns and 1 4 c/s-splicing
introns are found. The sum of all intron lengths
represents
7.0 % of the
genome. Two introns seem to be lost from rps3 and nad4 genes during
the course of the evolution
of sugar beet lineage.
A total of 559 ORFs were identified,
none of which, however, exhibited
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apparent homology to any reported genes (and to any of the Arabidopsis
ORFs) or carried significant
protein
motifs. Three and six-tenth
percent of
the sugar beet mitochondrial
genome sequence is homologous
to
mitochondria!
plasmid DNAs. We also found the sequences with homology to
the 5'- or 3'-untranslated
region and the intergenic
sequence of
mitochondrial
genes in the other plant species;
they do not exceed 6.8 % of
the sugar beet genome. The major portion (55.6å å å %) of the genome has no
similarity
to any nucleotide
or protein sequences
in the public data bases.
Furthermore,
when the sugar beet mtDNA sequences are compared to
those of Arabidopsis,
the shared sequences
by the two plant species total
78,057
bp, representing
21.2 % of the sugar beet genome.
Novel tRNA gene in sugar beet mitochondrial
genome
One of the notable finding
is that sugar beet mitochondrial
genome
contains two trnC-GCA genes: one is the usual, 'native'
class trnC-GCA
(trnC7-GCA)
and the other is the novel one that has not been documented
yet (trnC2-GCA).
The trnC7-GCA is a pseudogene
because no
corresponding
tRNA molecule could not be detected.
On the other hand,
trnC2-GCA is actively
transcribed
and seems to be processed
into mature
tRNA molecule. It is thus concluded
that trnC2-GCA is the only
tRNAcys(GCA)
gene that functions
in sugar beet mitochondria.
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There are few data for the mitochondrial-encoded
gene expression in higher plants under
various stress conditions,
especially
under cold condition,
compared to the case of nuclear
genes. We investigated
the effects of low temperature on the expressions of mitochondrialencoded genes in wheat. During the course of our study, we found that the transcriptional
pattern of cox2 gene (encoding the subunit 2 of cytochrome c oxidase) was affected by the
low temperature.
Northern analysis indicated
that the precursor transcript
before intron
splicing
was increased by cold, although the level of mature message was not changed.
Mitochondrial-encoded
genes in higher plants are regulated through several posttranscriptional
events, such as RNA editing, intron splicing,
etc. Wheat cox2 gene has a intron
(Bonen et al 1984), which belongs to group II intron. One of important features for splicing
of group II intron is a specific binding between exon and intron sequences, which assists the
formation of their unique tertiary structure. An RNA editing event is reported on the intron
binding site 1 (IBS1)
of cox2 first exon, one of such specific binding sites. We found that cold
treatment severely suppressed the RNA editing on the IBS I of precursor transcript.
These results suggest that low temperature could affect the intron splicing
and/or RNA
editing of wheat mitochondrial
cox2 transcripts.
Materials

and methods
Winter wheat (Triticum aestivum L. cv. Chihoku-komugi)
seedlings
were grown at 20/1 5°C (day/night)
for 3 weeks. For cold treatment, the seedlings
were exposed to 2/0.5°C (day/night)
for 2 hours, 1 day, 3 days
and 7 days. After cold treatment for 7 days, the seedlings
were returned to 20/15°C
(day/night)
and kept for 1
day.
For Northern blot analysis,
wheat total RNA was probed by two kinds ofcox2 DNA probes,
corresponding
to the regions of exon 1 -intron and only intron, respectively.
In order to check the RNA editing status, we used total RNA from control and cold treated plants for 7
days. RT-PCRs were performed with cox2 specific primers, and we got the cDNAs corresponding
to the mature
transcript
and the precursor transcript.
These products were cloned and sequenced.

Results

and discussion
Northern blot analysis with exon 1-intron probe identified
two major transcripts
of 2.7,
and 1.5 kb in size. The steady-state
level of2.7 kb transcript
clearly increased after 7 days of
the cold treatment. In contrast, the level of 1.5 kb transcript
was not changed (Fig. 1A). In
order to further characterize
these two transcripts,
we performed second Northern blot
experiment using the intron-specific
probe. This probe hybridized
only to the 2.7 kb
transcript
and no 1.5 kb transcript
was detected at all (Fig. IB). These results indicate that a
2.7 kb transcript
corresponds to a precursor transcript
of cox2 with the intron, and a 1.5 kb
transcript
contains the mature message after splicing
out of the intron. These results provide
a clear evidence that the level of cox2 precursor transcript before intron-splicing
is increased
by low temperature.
Seventeen RNA editing sites were reported on the cox2 transcripts
of wheat (Covello
and Gray 1990; Albertazzi
etal. 1998) (Fig. 2A). One of them is located on the IBS1 which
plays an important role for splicing.
In order to investigate
whether low temperature affects
the RNA editing status ofcox2 gene in wheat, and especially
the editing event on the IBS 1,
wecarried out sequencing analysis of 23 to 29 CDNA clones derived from each transcript.
All
CDNAclones from mature transcripts were almost completely edited regardless
of
temperature condition.
On the other hand, cold temperature suppressed the RNA editing of
precursor transcripts.
Particularly
the editing frequency of the site #6 under the cold
condition is very low (14%), which locates on the IBS1(Fig
2B). It was only 21% of that
1 Correspondence:
S. Kurihara-Y.
Key Words : mitochondrial-encoded

, E-mail : shiho@cryo.affrc.go.jp
Fax : (81) 1 1 859 2178
gene expression, cox2, group II intron, RNA editing,
intron

splicing

under control condition (Fig. 2C).
These results suggest that there might be some relations between intron splicing
and
RNA editing event, especially
on the IBS 1, of wheat mitochondrial
cox2 under low
temperature.
Our working model includes two possible
variations.
Low temperature affects
the tertiary structure of cox2 intron and the structural change of intron results in the reduction
of RNA editing frequency on the IBS 1. Alternatively,
low temperature directly reduces RNA
editing frequency on this site and the exon-Intron binding by unedited IBS I sequence is not
efficient
for intron splicing.
This is a first report for that low temperature affects a posttranscriptional
regulation
of mitochondrial
gene In higher plant.
References
Albertazzi,

F. J., J. Kudla and R. Bock. 1998 The cox2 locus of the primitive
angiosperm plant Acorus
calamus: molecular structure,
transcript
processing
and RNA editing. Mol. Gen. Genet. 259: 591-600
Bonen, L., P. H. Boer and M. W. Gray_. 1984. The wheat cytochrome oxidase subunit II gene has an intron
insert and three radical araino acid changes relative
to maize. EMBO J. 3: 253 1-2536
Covello,
P. S. and M. W. Gray. 1990. Differences
in editing
at homologous
sites in messenger RNAs from
angiosperm mitochondria.
Nucleic Acids Res. 1 8: 5 189-5 196

Fig. 1 : Northern blot analysis
of wheat mitochondria!
cox2 transcripts
using total RNA isolated
from 21 -day
greened seedlings
as control (lane 0), 2-hour, 1 -day, 3-day and 7-day cold treated seedlings
(lane 2h3 Id, 3d,
7d), and the seedlings
returned to control condition
after cold treatment for 7 days (lane -Id).
RNA blots were
hybridized
with exon 1-intron probe (A) and intron probe (B).

Fig. 2 A : Seventeen editing sites are reported in wheat mitochondria!
cox2 (Covello
and Gray 1990; Albertazzi
et al. 1998).
B : RNA editing frequency of precursor transcripts at 17 sites under the control and the cold
conditions.
C : The influence of cold treatment upon RNA editing frequency.
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Introduction
Identification
of genes controlling
tissue culture traits will make possible the transfer of genes
for desirable
tissue culture traits into recalcitrant
cultivars or species. In barley, QTLs for
shoot differentiation
ability
have already been mapped on several chromosomes (Mano et al.
1996; Takahashi
et al. 1997; Manninen 2000), however, major QTLs for this trait have not
yet been identified.
Here we report on the identification
of loci controlling
tissue culture traits
using recombinant inbred lines (RILs)
derived from the cross between the parents showing
extremely wide difference for their tissue culture traits.
Materials and methods
Ninety-nine RILs of 'Azumamugj' (AZ, low differentiation
ability)
x 'Kanto Nakate Gold'
(KNG, high differentiation
ability)
were used. Immature embryo culture was performed in 3
trials, F7 without replication
and ¥\o evaluated by 2 persons (Fi0 repl and Fl0 rep2), and was
done essentially
as described by Komatsuda et al. (1989).
Two tissue culture traits of shoot
differentiation
ratio (SD) and percentage of green shoot ratio (GS) were evaluated.
Weconstructed a "base map" with 100 markers selected from 273 AFLP-STS map
(Mano et al 1999) using MAPMAKER 3.0 (Lander et al. 1987). QTL mapping analysis for
tissue culture traits were performed by single-point
analysis using QGENE (Nelson 1 997).
Results and discussion
Among3 trials, QTLs for SD were detected on chromosomes 1H, 2H, 3H, 5H, and 6H (Fig.
1). A consistent locus with larger effect across 3 trials was found on chromosome 3H [nearest
marker is uzu, KNG alleles increased SD]. This locus was identical with or very close to uzu
locus and the peak LOD ranged from 6.68 to 12.61. The uzu gene has pleiotropic
effects not
only on several agronomic characters but to less auxin production (Kuraishi
1974), which may
have effect on tissue culture response. It may be possible that QTL for SD on chromosome
3H results from the pleiotropic
effect of uzu gene, but further study is necessary. The
position
of QTL for SD on chromosome 2H [nearest marker is MWG503, KNG alleles
increased SD] found in F10 rep 1 and rep2 is in good agreement with Shdl previously
reported
by Komatsuda et al. (1995).
Three QTLs for GS were identified
on chromosome 2H, 3H, and 7H (Fig. 1). In
particular,
QTL on chromosome 7H [nearest marker is el5m27-4]
in F10 rep1 shows large
effect (LOD=12.66),
and allele of non-differentiating
cv. AZ increased GS. QTL for GS on
chromosome 7H could be valuable to increase GS in anther culture, which has a serious
problem of frequent albino shoots formation.
Comparison of the map position
between QTLs detected in this study and those in
other studies (Mano et al. 1996, Steptoe x Morex cross; Manninen 2000, Rolfi x Botnia cross),
the positions
of QTLs on chromosome 2H and 3H were identical or nearly same. Furthermore,

QTL for SD on chromosome 2H also mapped
Harrington x TR306 cross (Takahashi
et al. 1997).
can identify the commonfunctional QTL distributed

at the same or nearly same position
in
By using commonmolecular markers, we
in the 3 mapping populations.
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Fig. 1 Chromosome locations of QTLs for shoot differentiation
(SD) and green shoot ratio (GS) in the RILs
of AZ/KNG. Significant QTLs are indicated to the right of the nearest markers. QTLs for tissue culture traits
in F7, Fj0 repl, and Flo rep2 are shown on the top, middle, and bottom, respectively.
-: Not significant.
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Abstract
The Rfinla gene restores the fertility
of msml cytoplasmic male sterile lines in barley. We
have identified
three RAPD markers linked to the Rfml locus, CMNB-07/800,
OPI-1 8/900,
and OPT-02/700,
using segregating
BC1F1 and F2 populations.
The CMNB-07/800
was
located beside MWG2218 on the short arm of chromosome 6H using formerly developed
linkage map of the cross Azumamugi and Kanto Nakate Gold. The MWG2218 was also
linked to the Rfml locus. These results showed that the Rfml locus was located on the short
arm of chromosome 6H. The synteny of Triticeae
suggests that the Rfml gene is
homoeologous to the restorer genes identified
in group-6 chromosomes of wheat and rye.
Introduction
Twomale-sterile cytoplasms, designated msml and msm2, were found in 2 strains of the wild
barley, H. vulgare ssp. spontaneum (C. Koch) Thell. (Ahokas 1 979, 1 982). The spontaneum
subspecies strain with the msm1cytoplasm carried a dominant restorer gene designated Rfmla
(Ahokas 1979). DNA markers tightly linked to the Rfml locus enable the molecular study of
the CMS system. In the present study, we performed the molecular mapping of the Rfml
locus of barley in order to apply the linked markers to marker-assisted
selection and
map-based cloning of the relevant gene.
Materials and Methods
The CMS line, the restorer, and Adorra were kindly provided by Dr. H. Ahokas, Agricultural
Research Centre, Finland. In this paper, the cytoplasm type is designated by italics and the
genotype of the restorer gene is designated by parenthesized
italics. We used a total of 200
1 2-meric oligonucleotides,
and 684 1 0-meric oligonucleotide
primers to detect polymorphism
between msml-(RfmlalRfmla)
and msml'-(rfml a'rfml a) in the RAPD profiles. An F2 family
consisting of 233 plants was derived from the msml-(RfmlalRfmla)
x N-(rfmlalrfmla)
cross.
A BC1F1 family consisting of 242 plants was produced by backcrossing of the Fi plants to
msml-{rfmlalrfmld).
In order to map the RAPD markers on the known linkage group,
recombinant inbred lines (RILs) of the Azumamugi (AZ) x Kanto Nakate Gold (KNG) cross
and the molecular maps were used (Mano et al. 1999).
Results and Discussion
The segregations of fertility
in F2 and BC1F1 populations fitted the expected monogenic
segregation ratios of3:1 (x2 = 0.71, 0.25 < P < 0.50) and 1:1 (%2 = 0.0, 0.95 < P), respectively.
Three fragments generated by CMNB-07, OPI-1 8 and OPT-02 were linked to the Rfml locus
(Fig. l ). Approximate sizes of the polymorphic fragments of each primer were 800, 900 and

Fig. 1_ PCR products using the OPT-02 primer. An
arrow indicates polymorphic band.

Fig, 2 Genetic maps of the Rfinl locus on the short arm
of barley chromosome 6H. The maps were constructed
using (A) RILs from an Azumamugi x KantoNakate
Gold cross, (B) BC1F1, and (C) F2 from a msml(Rfmla/Rfmla)
x N-{rfmlalrfmla)
cross. Map distances
are given in cM.

700 bp, and these fragments were designated
as CMNB-07/800,
OPI-1 8/900 and
OPT-02/700,
respectively.
Based on the
population
of242 BCiFi plants, OPI-18/900
was most closely linked to the Rftnl locus
(5.2 cM) (Fig. 2B). The location of
OPI-18/900
was similar to that in the F2
population (Fig. 2C). To identify the map
locations of the 3 RAPD markers, we
utilized our previously developed molecular
linkage maps of RILs constructed from the
AZ x KNG cross (Mano et al. 1999). RAPD
analysis using the 99 RILs showed that
CMNB-07/800 was linked to MWG2218 on
the short arm of chromosome 6H (Fig. 2A).
In the present study, the restorer
gene Rftnla seems to be located on a
satellite,
because the Rftnl locus was distal
to MWG2218, which is itself distal to the
NOR in 6HS. Considering the high degrees
of synteny between barley and wheat, the
restorer gene Rftnla of barley might be
homoeologous to the wheat restorer genes
Rf4, Rf5 or Rf6 on homoeologous group 6
chromosomes. In wheat-rye addition lines,
the rye restorer gene can restore the male
fertility
of wheat that has T. timopheevi
cytoplasm (Curtis and Lukaszewski 1993).
The rye restorer gene (Rfgl) was mapped
on the long arm of chromosome 4, which
was homoeologous to the short arm of
homoeologous group 6 chromosome in
Triticeae
(Bomer et al. 1998).
These
evidences
indicate
that CMS and the
restoration system might be homoeologous
amongwheat, rye and barley.
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introgression

Barley (Hordeum vulgare L.) is a potential
new source of genes for wheat (Triticum aestivum
L.) improvement.
Recently,
Murai et al. (1997a)
examined heading characters
of wheatbarley chromosome addition lines produced by Islam et al. (1981)
and Koba et al. (1997),
and
found that barley chromosome 5H has genetic effects on accelerating
narrow-sense earliness,
decreasing
vernalization
requirement
and/or increasing
photoperiodic
sensitivity.
To
introduce the barley genes for early heading on chromosome 5H into wheat, we are planning
to produce wheat-barley
5H chromosome recombinant lines (Murai et al. 1997b).
A major
problem for producing
wheat-barley
recombinants
is the low pairing
frequency
between
wheat and barley chromosomes, resulting in a low frequency of recombinants.
Therefore, it
is necessary
to have an effective
selection
system to detect
the rare wheat-barley
recombinants.
For the effective screening, it would be suitable to use PCR markers directly
amplifying
barley alleles
(allele-specific
amplicons)
which can be distinguished
from their
wheat counterparts
without restriction
enzyme digestion.
Blake et al. (1996)
reported
135
barley allele-specific
amplicons amplified
by 115 primer sets developed
from sequences of
previously
mapped RFLP clones.
Recently,
we developed
26 barley
allele-specific
amplicons (eight for chromosome 5H) detectable
by more simplified
detection
system (Murai
et al. 2000).
Here, we report ten novel barley allele-specific
amplicons useful for identifying
wheat-barley
recombinants involving chromosome 5H.
MATERIALS AND METHODS
Wheat-barley
disomic addition lines possessing
each of 'Betzes' barley chromosomes 2H to
7H in the background of 'Chinese Spring' wheat (Islam et al., 1981) or each of 'New Golden'
barley chromosomes 5H and 6H in the background
of 'Shinchunaga'
wheat (Koba et al.
1997)
were used to detect barley allele-specific
amplicons.
A total of 23 primer sets
developed from the sequences of previously
mapped barley RFLP clones on chromosome 5H
(Kunzel et al. 2000) were evaluated by PCR assay at 55°C as the annealing
temperature.
Plant DNA was extracted by a modified
CTAB method and used as a template
assay.
PCR condition
was same as described in Murai et al. (2000).

for the PCR

RESULTS AND DISCUSSION
Out of 23 primer sets, 13 gave PCR products with the same size in both wheat and barley, and
further treatments
such as restriction
digestion
would have been necessary to produce

polymorphisms.
On the other hand, ten primer sets amplified
barley chromosome-specific
PCR products which were confirmed to be located on the same chromosome 5H as the RFLP
markers by using the wheat-barley
chromosome addition
lines.
PCR products from the
former primer sets, namely, aABG497, aMWG550, aMWG561, aMWG583, aMWG602,
aMWG835, aMWG877, aMWG891, aMWG2121, acMWG650, can be regarded as barley
allele-specific
amplicons.

Based on the RFLP map of Qi et al. (1996),
a
linkage
map of the barley allele-specific
amplicons on
chromosome 5H is shown in Fig. 1. Together with the
results of Murai et al. (2000),
a total of 18 barley allelespecific
amplicons can be useful for identifying
wheatbarley
recombinants
involving
chromosome 5H.
However, we did not get amplicons located on distal
position
of short arm. To obtain new amplicons
located
on this region, alternative
methods such as
development
of amplicons from barley allele-specific
RAPD markers (Murai 1995) should be introduced.
Fig. 1. Linkage
map of 18 amplicons
on chromosome 5H
developed
from RFLP markers. Map position
of amplicons was
cited from the RFLP map (Qi et al. 1996) with the assumption
that
an RFLP marker and the amplicon
lie on the same locus.
ABA306B is RFLP marker. Centromere position was determined
from the barley consensus map, Adelaide.
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Introduction
Deterioration
of rice grains and development of stale flavor during the storage are
serious problems,
which reduce the quality
of stored grains. Lipoxygenase
(LOX)
catalyzes
the peroxidation
of linoleic
and linolenic
acids to form hydroperoxides.
The absence of the LOX enzymes in rice grains may thus alleviate
the oxidative
deterioration.
Three isozymes, LOX-1, LOX-2 and LOX-3 were found in rice
embryos and LOX-3 is the major component of the isozymes accounting 80-90% of the
total LOX activities
(Ida et al 1983).
We detected one LOX-3 deficient variety, Daw
Dam originated
from Thailand
after a preliminary
survey (Suzuki et al. 1993) and we
tentatively
designated
the Lox-3 null character
as lox-3(t) (Suzuki
et al. 1996).
However, the geographical
variation
of the lox-3(t) gene in cultivated
rice is not
known well, we have screened the gene in Asian-wide varieties.
Materials and Methods
To analyze the geographical
variation
in the occurrence of the lox-3(t) gene, 471
Asian varieties
conserved in the Genebank of NIAR, were assessed using monoclonal
antibodies
(Suzuki et al. 1992).
The LOX-3 content was graded by visual inspection
according to the descriptor
below; 1 (deficient),
2 (less than content of Koshihikari),
3
(almost same as of Koshihikari)
and 4 (more than that of Koshihikari).
Analysis of
the LOX-3 was conducted using at least two grains per one accession.
Results and Discussion
A total of21 varieties
were found to have lox-3(t) gene and among them seven were
heterogeneous
at the Lox-3 locus (Table
1). The LOX-3 deficient varieties
were
found in China, Vietnam, Laos, Thailand
and Myanmar. It is recognized
that the
deficiency
occurred in the limited
area of the Asian countries
and the area was
pointed out to be the center of genetic diversity
of rice (Nakaghara
et al. 1977).
Based on the change of hull color in phenol solution of 1.5%, Asian rice varieties
are
roughly
classified
into two varietal
groups; Japonica
and Indica.
For the 441
varieties
except some varieties
from China, the phenol color reaction of hull were
examined (Table 2). As a result, LOX-3 deficient
varieties
were found in the both
Japonica
and Indica
groups and it is assumed
that the lox-3(t)
gene were
spontaneously
occurred in the both varietal
groups.
As the hydroxides
are transformed
into volatile
compounds causing flavors, LOX
is related
to the formation of the volatile
compounds (Suzuki et al. 1999), these LOX3 deficient
varieties
will be utilized
as novel genetic
resources
for increasing
storability
of grains.
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Introduction
The genus Lilium includes
approximately
100 species, and it is native to the Northern
Hemisphere, in Asia, Europe, and North America. In Japan, 14 species are distributed,
and
most of them are important genetic resources of Oriental or Asiatic hybrids,
which are main
divisions
of cultivars. Recently, crossing between distantly related species have been tried for
introduction
of new characteristics
to existing cultivars,
but detailed
relationships
between
sections are not clear in spite of phylogenetic
estimation of Comber (1949) and Lighty (1968)
based on morphological
characters and germination form. The objectives
of this study are to
clarify relationships
among sections in genus Lilium based on the sequence data of the matK
gene.
Materials and methods
Twenty-six taxa of Lilium were sampled and analyzed in the present study. Fritillaria
verticillata
was used as an outgroup. DNA sequences were determined
using cycle
sequencing,
and multiply
aligned using Clustal
X version 1.81 (Tompson et al. 1997).
Phylogenetic
analysis was performed as a maximum parsimony phylogeny
estimation using
the PAUP* version 4.0b4a (Swofford 1998) using 10,000 bootstrap replications.
Results and discussions
The alignment of 27 entire matK sequences provided a matrix of 1,545 base pairs. The
parsimonious phylogenetic
tree was divided into three major clades (Fig. 1), designated
as
follows:
Group I comprised section Mqrtagon, Sinomartagon, Daurolirion,
subsection
6b
(Leucolirion)
and section Liriotypus;
Group II comprised only section Pseudolirium;
Group
III comprised section Archelirion
and subsection 6a {Leucolirion).
The orders of divergences
among these three groups were not clear, but they were clearly monophyletic,
respectively.
The distribution
of Group I taxa extend from East Asia to Europe. Section Liriotypus,
which is distributed
in Europe and West Asia, was divergent from them first. But in the rest of
taxa belonged this clade, the order of divergences
were ambiguous among three sections,
Martagon, Sinomartagon and Daurolirion.
In the phylogenetic
tree constructed
from the
internal transcribed
spacer (ITS) region of ribosomal DNA (Nishikawa et al. 1999), Martagon
was clearly monophyletic,
and had sister relationship
to the clade included
subsection 6b,
Sinomartagon and Daurolirion.
But in the tree constructed
from matK gene, Martagon,
Sinomartagon and Daurolirion
were monophyletic
and had sister relationship
to subsection

6b. Therefore,

it was difficult

to decide

which was divergent

earlier,

Martagon or subsection

6b.

Fig. 1

Phylogenetic
tree constructed from matK gene sequences of 26 Lilium taxa by maximum
parsimony method. The numbers beside the nodes are the bootstrap value (%).
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Pakistan rice germplasm is very diverse in terms of qualitative
and quantitative
traits.
For the improvement of rice grain quality, local genetic resources is needed to be investigated.
Research in Pakistan is mainly concentrated for increasing the rice yield; lacking studies about
the grain protein and starch quality. In order to ascertain the diversity
for its possible
utilization
in rice improvement, in this report we describe the diversity
observed in Pakistan
local rice genetic resources for storage proteins and starch characteristics
for its utilization
in
the enhancement of the grain quality In terms of storage proteins and cooking quality In view
of the starch characteristics.
475 accessions of Pakistan local rice genetic resources obtained from MAFF genebank,
Japan were used as materials. The endosperm storage proteins and waxy proteins of the
accessions were analyzed by SDS-PAGE and glutelin by IEF. Starch characteristics
pertaining
to cooking quality are related to gelatenization
temperature, which is related to alkali
digestibility,
hence it was measured using 1.7% KOH solution.
Rice storage proteins are composed of glutelin and prolamin. Major component of
prolamin is 13/15 kD polypeptide.
Rice glutelin is consist ofa and p subunits which were
composed of4 and 3 bands, respectively,
(Uemura et al 1996).
A wide variation was found in Pakistan.rice cultivars for the two major storage proteins,
i.e. prolamin and glutelin. Prolamin variation was apparently
grouped Into 4 types; 16% of the
total accessions showed low levels of 13 kD, while presence of the 14 kD (not found In IR36),
was observed in 1% accessions, 3% of the accessions had low level of both 13 and 15 kD
polypeptide
while, most of the cultivars (80%) were having both bands of 13 and 15 kD of
equal high intensity.

Fig. 1 Showing

variation

in glutelin

a-3 band (A), a-4 band (B) and 57 kD band (C).

Pakistan varieties revealed 6 types of variation for giutelin subunit, Fig. 1A shows the
variation for a-3 band, i.e. fast migration a-3 band type (lane 1), slow migration a-3 band
type (lane 2), a-3 band having both fast and slow migration bands type (lane 3) and a-3 band
deletion type (lane 4). Their respective
frequencies
were 70%, 1 1%, 2% and 0.4%

170

respectively.
Fig. IB shows the variation for a-4 band, where fast (lane 1) and slow (lane 2)
migration types were recorded, wild type is in lane 5. Their respective frequencies were 2%
and 80%, respectively,
for the total germplasm. For the variation of 57 kD glutelin precursor,
enriched glutelin precursor (57H) cultivars were observed (Fig. 1C). The frequency of 57H
was 18% of the total germpiasm. Satoh et al (1995)
reported 1.4% of accessions from North
Asian countries showing 57H variation. 98% of varieties bearing 57H variation were
distributed
in low altitude range areas, whereas the highest frequency.of occurrence was in
Punjab region i.e. 90.5%. The distribution
pattern of 57H variation show a high degree of
correlation
in terms of altitudinal
and geographical
occurrence.
Genetic analysis of the Pakistan 57H variation showed that, the 57H variation is
controlled
by a single recessive gene, allelic to glup3 gene. The glup3 gene was located within
5.3 cM distance between RFLP markers C1238 and R2370 on chromosome 4.
The classified
variation by SDS-PAGE was analyzed by IEF In detail for glutelin.
Glutelin was separated Into a and p subunits (Uemura etal. 1996), which consisted of 12 and
10 bands, respectively.
Where japonica cultivar, KInmaze and indica cultivar, IR36 has
specific bands. Pakistan rice cultivars showed another type besides the T65 and IR36 types,
which consisted of bands 6 (IR36 specific),
and A and B (T65 specific),
data not shown.

51 cultivars' (1 1%) had 60 kD waxy protein band of Wxhtype i.e. low intensity
band in
SDS-PAGE. Majority
of these (80%) were distributed
in high altitude region. A wide variation
was found in Pakistan cultivars for alkali digestibility
(Fig. above) covering all the range from
level 1 to 10, however, majority ofcultivars
(74.9%)
had low, 14.95% showed medium and
10. 1% were with high alkali digestibility,
further investigation
on starch content are underway.
Our findings confirm the existence of great diversity
in seed storage protein and starch
characteristics
especially
pertaining to variation in alkali digestibility,
that could be utilized for
protein quality and cooking quality improvement and other genetic studies.
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Introduction
Microsatellites
are now recognized
as powerful
molecular
markers thanks
to
their hypervariability
and omnipresence
in the genome. However laborious
procedures
indispensable
for their development
prevents
the rapid spread into the plant genome
research.
In the Brassica
species,
several
research
groups have already
isolated
a
number of microsatellites
mainly from B. napus, of which only a few are disclosed.
We therefore
started
to develop
enough number of microsatellite
markers
covering the whole genome of Brassica rapa.

for

Materials

and methods.
A doubled haploid
line, A9709
(B. rapa)
developed
in NIVOT was used for
DNA material.
Genomic DNA digested
with Sau3A I was ligated
into a X vector. The
plaques
were screened using digoxigenin-labeled
(GA)is
and (GT)is
oligonucleotide
probes.
Positive
clones
were further
screened
and converted
into plasmids,
then
sequenced.
PCR primers
for amplifying
the microsatellite
were designed
from the
flanking
region sequences.
Polymorphism
among 19 cultivars
belonging
to different
cultivar
groups of B.
rapa were examined using the obtained
microsatellite
primers.
Results
obtained

and discussion.
A total of 58 clones
containing
microsatellite
from 1.2 x 105 clones.
GA/CT repeats

repeats
(Table
(Szewc-McFadden
Primer
polymorphism

1).

motifs (4 to 53 repeats)
were more abundant
than

The results
were consistent
with
et al. 1996, Uzunova and Ecke 1999).

pairs
using

were designed
electrophoresis

the

for 38 clones.
One
on 2.5 % agarose gel

reports
third
(Fig.

on
of
1).

were
GT/CA

B. napus

them showed
For the rests,

polymorphism
was detected
on denatured
5 % polyacrylamide
sequencing
gel (Fig. 2).
Wewill add more markers, and apply them to the genome analysis
ofB. rapa,
including

QTL analysis

of the resistant

genes for clubroot

disease.
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1. Microsatellites
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repeats

and genetic
Breed. 118:
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mapping
323-326.

study.

Figure
1. Polymorphism
of microsatellites
among 19 cultivars
of B. rapa using
BRMS-006 primers on 2.5 % agarose gel M: molecular marker (k/Hind
III, Hinc II).

Figure
2. Polymorphism
of microsatellites
BRMS-027
primers
on 5 % denatured
(GENESCAN
500). A: A9709.

among
acrylamide

19

cultivars
gel.
M:

of B. rapa using
molecular
marker
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Origins
Linked

of Six-rowed Cultivated
Barley deduced
to the vrsl Locus (Row Type Gene).

Ken-ichi

Tanno1'2, Shin Taketa3, Kazuyoshi

from a DNA Marker Tightly

Takeda4, Takao Komatsuda1

Rowtype of barley is controlled
by gene on the vrsl locus in chromosome 2H. Six-rowed
barley is believed
to have differentiated
from two-rowed barley by the mutation at this locus
(see Harlan 1995). Given that the six-rowed barley arose from mutational events, its origin
was a probably limited in number. There is, however, a little evidence for the origin of the sixrowed cultivated barley at a DNA level.
A DNA marker, cMWG699, is the most closely linked to the vrsl locus (0.1cM)
(Komatsuda et al. 1999). This DNA marker did not show recombination with the vrsl locus in
Japanese breeding cultivars
and had polymorphism within six-rowed cultivars (Tanno et al.
1999). By using this marker, we investigated
the origin of the six-rowed cultivated
barley and
found that variation
of the cMWG699 was considerably
reduced in six-rowed cultivated
barley.
Seventy-six
two-rowed cultivated,
204 six-rowed cultivated
and 183 wild (ssp.
spontaneum, two-rowed) accessions
were analysed
with PCR-RFLP method. PCR
amplification
of the cMWG699 was carried out using the internal primers cMWG699 T7-3
and T3-3 (Tanno et al. 1999) and restriction
analysis with Taql were performed following the
methods described by Komatsuda et al. (1998).
The Taql digestion
of the PCR products showed three types A, K and D as reported
in our previous study (Tanno et al. 1999), and no other type was detected. Types A and D
were found in two-rowed cultivated,
six-rowed cultivated
and wild barley while type K was
absent in six-rowed cultivated
barley (data not shown). Most of the accessions analysed were
of type A (87.9%).
Types K and D appeared with low frequencies (8.6% and 3.4%,
respectively)
and showed clear geographical
distributions:
type K was prevalent in Europe
and the Middle East and type D distributed
to the Mediterranean region.
To discriminate
further variations,
nucleotide sequence analysis was carried out using
the outer primers cMWG699 T7-2 and T3-2 (Komatsuda et al. 1998). Sequence analysis of
type A accessions revealed that all the 10 six-rowed cultivated
barleys analysed had an
identical
sequence (Table 1). The sequence, named sequence-type I, coincided with that of a
ssp. spontaneum accession OUH730 from Turkmenistan.
Accessions of type D, which included both two- and six-rowed barley, had the same
sequence, named sequence-type II. The sequence-type II distributed
around the Mediterranean
sea region, suggesting that the six-rowed cultivated
barley of sequence-type II probably
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differentiated

from the two-rowed barley of sequence-type II in this region.
As table 1 shows, the ssp. spontaneum accessions
were more variable than the
cultivated
accessions,
where 9 sequence-types
were found among 10 accessions studied. The
two-rowed cultivated
barley
was less variable,
including
5 sequence-types
among 8
accessions. In contrast, the six-rowed cultivated
barleys had only 2 sequence-types
among 1 3
accessions.
The reason for the reduction of variation in six-rowed cultivated
barley is probably
that the origin of the six-rowed barley was a few and that there is a tight linkage between the
vrsl and cMWG699. If some favorable genes are able to transfer from two-rowed barley (e.g.
a gene for lateral awn development is located at/near the vrsl locus), it may contribute an
improvement of the six-rowed cultivated
barley.
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Construction

of microsatellite-enriched

library

in azuki bean

Xin-Wang Wang, Akito Kaga, Norihiko Tomooka and Duncan Vaughan
NIAR, Tsukuba, Japan
The azuki bean [Vlgna angularis (Wild) Ohwi and Ohashi] is an important crop
in East Asia and is closely related to several other Asian cultivated
legumes such as
mung bean (V radiata)
and black gram (V mungo). To date the information at the
genome level for azuki bean is limited and the most recent genome map resolved 14
linkage groups for the 12 chromosomes of azuki bean using RFLP and RAPD markers
(Kaga et al, 2000). The objectives
of our research are to seek an efficient method to
identify
microsatellite
markers that may be used to improve our understanding
of the
azuki bean genome and to provide codominant markers that may be of use in
understanding
the population dynamics of Vigna species complexes such as wild, weedy
and cultivated forms of azuki bean.
Materials

and Methods
Vigna angularis cv. Erimo shouzu was used for the construction
library.
The main procedures are summarized in Fig. 1. The method
modified
version of the method employed for finding microsatellites
(Takahashi et al. 1996).

of genomic
used was a
in chicken

Results

and discussion
A random genomic library,
containing
1/10 of an azuki bean genome
equivalent,
was used for single strand plasmid DNA preparation. After extension of
complementary strands using a (CA)i2 primer, approximately
3000 transformed cells
were identified and are referred to as the initial SSR library. By colony hybridization,
600 positive clones were identified as containing
poly(CA)
motifs and constitute
the
final SSR library. The initial SSR library represents
a 20x improvement over direct
selection
from the random genomic library.
96 of the 600 positive
clones were
sequenced and 90 sequences were found to be non-duplicates,
of which 60 sequences
can be used to design PCR primers flanking the microsatellite
motifs (Table 1). This is
the first report of developing a microsatellite
enriched library for azuki bean.
This research continues with the objectives
of (a) improving the efficiency of
enrichment of positive clones from genomic library; (b) evaluating
the extent to which
identified
microsatellites
are polymorphic
among and within Vigna species;
(c)
application
of useful markers identified to population
and genome studies.
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Fig. 1. The flow diagram of the construction

Table 1. The (CA)n

repeats

in the obtained

of microsatellite-enriched

library

sequences in the genome of azuki bean.
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Diversity
of chloroplast
DNA SSRs in wild and cultivated
soybeans: an
evidence for the multiple origin of cultivated
soybeans with different organelle
genomes fromwild soybeans
Donghe Xu, Jun Abe and Yoshiya Shimamoto
Laboratory of Plant Genetics and Evolution,
University, Sapporo, 060-8589, Japan
Key words, soybean, chloroplast
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The soybean (Glycine max) is one of major crops in the world and had been established
in
East Asia. Its wild relative, G. soja, is distributed
throughout China, Korea, Japan, Taiwan and
areas of Russia adjacent to China. A series of studies on the genetic diversity of chloroplast
and mitochondrial
genomes of soybeans has revealed a rich variability
of organelle genomes
in both wild and cultivated soybeans (Tozuka et al. 1997; Abe et al. 1999; Shimamoto et al.
2000).
We have developed
chloroplast
DNA SSR (CPSSR)
markers to gain a better
understanding of the genetic diversity
of chloroplast
genomes and the evolutionary process of
domestication
and genetic differentiation
in soybeans.
The genetic variation of six CPSSR markers was evaluated for a total of 301 wild
(144) and cultivated
soybean (157) accessions that were introduced and/or collected
from
various regions of Asia by using sequencer. A total of 23 variants were found in the six
markers (Table 1). All of the variants were found in the wild soybean, while only thirteen
variants was observed in the cultigen. Based on the combination of variants at the six markers,
chloroplast
genomes of the accessions tested were classified
into 52 haplotypes. All of the
haplotypes were found in the wild soybean, and only eight were detected in the cultigen,
suggesting a high diversity of chloroplast
genomes in the former. The haplotypes found in the
wild soybean were mostly region-specific.
The limited distribution
of haplotypes in the wild
soybean may be due to the limited dispersion
of seeds because it has no device for longdistance seed dispersal.
Of the eight haplotypes,
haplotype no.49 was predominant in the cultivated soybean
and was commonly observed in any regions of Asia (Table 2). On the other hand, the
remaining seven haplotypes
each was distributed
in different
regions. These region-specific
haplotypes
were also found in the wild soybean populations
that were sympatric to the
distribution
of the cultivated
soybeans with respective
haplotypes.
This result strongly
suggests that cultivated
soybeans with different CPDNA haplotypes had been established
in
different regions from wild soybean plants of respective haplotypes
as a result of multiple
domestication
or hybridization
between the two species.
Haplotype no.49 was detected only in seven wild soybean accessions from southern
Japan and southern China. When combined with the classification
of chloroplast
genome with
RFLPs (types I, II and III; Shimamoto et al. 1992), this haplotype
was further divided into
two groups, the one for type I and the other for type II, the former of which was the most
predominant in the cultivated
soybean. This chloroplast
haplotype was observed only in one
wild accession collected
in southern Japan. The predominant haplotype
in the cultivated
soybean may therefore have derived from a rare type of the wild soybean. The chloroplast
DNA SSR markers are useful for understanding
the evolutionary process from the wild to
cultivated soybeans.
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A syntenic approach for the functional genes conveying
salinity tolerance in the family Gramineae
Kouki Yoshida1*, Nobuyuki Imaizumi2^, Miho Akiyoshi1^ and Noboru Endo1^
1 ) Biotechnology
Research Center, Taisei corp., Yokohama, 245-005 1 Japan
2) Japan Turfgrass Inc., Tokyo, 103-0004 Japan
Seawater tolerance is the term defined for the plants which are capable of surviving under
the salinity
of seawater, 400-500 mM NaCl, whilst salt tolerance is generally
used more
widely for the salinity
higher than 50 mM NaCl (Akiyoshi
et al 1998). In the family
Gramineae, five sub-families
are known. Among them, it was found that plants tolerant to
seawater were rich in the Eragrostoideae,
followed by the Panicoideae
(Endo et al 2000).
Based on this observation,
we selected Paspalum in Panicoideae
as a representative
of
seawater tolerance, and Oryza sativa (rice) in Pharoideae
as a susceptible
check for the
seawater tolerance. One of the rice variety, Pokkali, however survives for its vegetative
to
maturity stage at 50 mM NaCl.
In the seawater tolerant Paspalum, we isolated 6 CDNA clones differentially
expressed
under salinity of 400 mMNaCl. We also selected 9 of 75 enzymes whose activities
increased
from 1.5 to 30 fold in response to the same salt stress. Anatomical observation of the tissue
sections showed that the degree of waxy layer development was more intensive in Paspalum
than other grasses (Endo et al 1999). In conjugating
these available data, there was a possible
metabolic link between the development of a waxy layer and the enzyme activity (Fig. 1). Of
the 9 enzymes selected
j3 -(1,3;
l,4)-glucanase
was rather peculiar in terms of the 20
fold-increase
in its activity
(Fig.2).
This gene may supply sugars, followed
by the
enhancement of the pentose phosphate
pathway, being supported by the activation
of
glucose-6-P dehydrogenase. This pathway produces NADPH and supply H2O2 into the cell
wall by the catalysis ofNADPH oxidase. The role of H2O2 in the cell wall seemed to link to
the waxy layer development, hence a closed metabolic pathway was suggested (Fig.l).
Differentially
selected cDNAs were also incorporated
into this metabolic pathway. It was,
then, suggested that UDP-galactose-epimerase
homologue (Cyb) can occupy a suitable
position between cell wall metabolism and pentose phosphate pathway (Fig.3). Second CDNA,
Cyf, is a type I-metallothionein
(Fig.4).
Northern analysis successfully
showed that Cyf was
expressed specific to Paspalum but not in Oryza, Although its function is not fully understood,
metallothionein
of plants may work as a defender against the oxidative stress like reported for
the animal cell. Now we are in the step of final proof via transgenic rice. Meanwhile, a
comparative DNA microarray assay is applying for rice to know the metabolic basis available
under salinity. A preliminary result suggested that many kinds of CDNAreduced their activity
much under saline condition, however the reduction rate was less in the tolerant Pokkali than
susceptible
Nipponbare (Fig.5).
It seems that the maintenance of basic metabolism is more
significant
than a specific genes inducible. Based on this syntenic approach, the genes for salt
tolerance will be discussed systematically
for the family Gramineae.
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