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Genetic and Physiological basis for breeding
Phosphorus Nutrient Efficient Wheat Varieties

LI Zhen-sheng
£ The State Key Laboratory of Plant Cell and Chromosome Engineering£-
Institute of GeneticsE~The Chinese Academy of SciencesE-Beijing 100101£~China£0

Deficiency of available phosphorus in alkaline soil is a serious
problem in northern China. This contrasts with the finding that the
total amount of phosphorus in the soil isE-actuallyE-very higl€™ over
200 times of its available form£Q Starting from 1990£-my colleagues
and I initiated a new research project with a longer term aim to breed
phosphorus efficient wheat varieties. From among 500 wheat linesE-
several genotypes that could tolerate low phosphorus level in the soil
were identified. In one of the genotypesE-the enhanced phosphorus

utilization trait is now found to be controlled by a single dominant

EQ, A&EOFUE2000 — 10 — 0SEBP»PEORUE2000 — 11 - 09

gene. Physiological analysis showed that the phosphorus efficient
genotypes could secret a higher amount of organic acids™ such as
malic acidEcitric acidE-succinic acidE-etcECinto the soil under low
supply of phosphorus. The organic acids may assist the solublization
of the insoluble phosphorus in the soil. These results shed light on
the genetic and physiological basis of phosphorus utilization by wheat
plant and suggest thatE-with appropriate selection strategiesE—phos-

phorus efficient wheat varieties can be bred in the future.
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Establishment of a Set of blue Grained Wheat Monosomic
Lines for Wheat Chromosome engineering studies

LI Zhen-sheng

£ The State Key Laboratory of Plant Cell and Chromosome Engineering£-
Institute of GeneticsE~The Chinese Academy of SciencesE~Beijing 100101£-China£0

The American geneticistE-E. R. SearsE-was the founder of
wheat chromosome engineering. He established the monosomic series
of common wheatE~which greatly facilitated cytogenetic analysis of
wheat. HoweverE-problems of univalent shift and labor involved in
chromosome counting have limited the common usage of these mate-
rials. To circumvent these problemsE-l developed an alternative set
of monosomic linesE-in which the presence of the univalent chromo-
some was indicated by the production of blue pigmentation in the
aleurone tissue of seeds. The genk sECresponsible for the blue pig-
mentation were carried on a short chromosomal fragment of Agropy-
ron elongatum. This chromosomal fragment has been transferred to
the different chromosomes of common wheat using radiation-induced
translocation. On the spike derived from a blue-grained monosomic

whea€ 2n = 41£-the univalent chromosome carries the gene for the

blue pigmentationE€-four types of seeds are produced. The deep-
blue seed has 42 chromosomes£-the medium-blue and light-blue seed
has 41 chromosomesE-and the white seed has 40 chromosomes. The
monosomic genotype is easily identified based on the color of the
seedE-without the use of microscope. So farE-blue-grained monosom-
ic lines have peoduced 11 of the 21 different wheat chromosomes. In
the course of propagating the blue-grained monosomicsE-l found that
the fertility of the nullisomic line€ 2n = 40E-represented by white
seedsE€could be improved by continued selfing and reselection. Us-
ing the resulted self-fertile nullisomic linesE established an efficient
procedure for producing alien substitution lines of wheat. The utiliza-
tion of the blue-grained monosomic lines and the self-fertile nullisom-

ic lines may facilitate chromosome engineering studies in wheat.
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Micro-colinearity and Conservation of High

Gene Density in Small and Large Grass Genomes

Beat Keller
£7 Institute of Plant BiologyE~University of Ziirich Zollikerstrasse 107£~CH-8008 ZiirichE-Switzerland£0

Comparative genomic analysis at the genetic map level has
shown extensive conservation of the gene order between the different
grass genomes in many chromosomal regions. HoweverE-little is
known about the gene organization in grass genomes at the microlev-
el . Comparison of gene coding regions between maizeE-rice and
sorghum showed that the distance between the genes is correlated

with the genome size. We have investigated the microcolinearity at

Lrk gene loci in the genomes of four grass speciesE®wheatE-barleyE-

maize and rice. The Lrk genesE-which encode receptor-like kinasesE=

were found to be consistently associated with another type of recep-
tor-like kinaseE™ Tak£@on chromosome groups 1 and 3 in Triticeae
and on chromosomes homoeologous to Triticeae group 3 in the
genomes in rice and maize. On Triticeae chromosome group 1£-Tak
and Lrk together with genes putatively encoding NBS/LRR proteins

form a cluster of genes possibly involved in signal transduction.

Comparison of the gene composition at orthologous Lrk loci in wheatE-

N 7

barley and rice revealed a maximal gene density of one gene per 4 ~
5 kbE-very similar to the gene density in Arabidopsis thaliana. We
conclude that small and large grass genomes contain regions which
are highly enriched in genes with very little or no repetitive DNA.
The comparison of the gene organization suggested various genome
rearrangements during the evolution of the different grass speciesE-in-
cluding a duplication of the Lrk region specific for the Triticeae on
group 1 chromosomes. We are now analyzing the gene organization
in the Lrk regions using BAC clones of the A genomef™ from T.
monococcumE@and the D genomeE™ from Ae. tauschii£® In additionf-
we are investigating the AE-B and D genome in hexaploid wheat us-
ing a cosmid library. The accumulation of sequence information
around the Lrk loci in several specie  orthologs£@and in the same
species£ paralogous genesEChas allowed comparisons of genome rela-

tionships in the investigated regions.
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High Resolution Mapping of Wheat Genes Using a

Triticum monococcum BAC Library

Beat Keller
£7 Institute of Plant BiologyE~University of Ziirich Zollikerstrasse 107E~CH-8008 ZiirichE-Switzerland£0

The wheat genome is large£ 1.6 x 10 bp£@and complex
£7hexaploid with the AEB and D-genomesE® Map-based cloning in
such genomes requires at least oneE-but frequently several walking
steps on a chromosome to reach the gene of interestEmeven if very
closely linked markers are available for aj °chromosome landingj #ap-
proach. Chromosome walking in wheat has often been considered to

be very difficult or impossible due to size and complexity of the wheat

genome and the high content of repetitive sequences. We are inter-
ested to clone two genes on chromosome 1AS by map information on-
IyE%he 710 leaf rust resistance gene and the Pm3 powdery mildew
resistance gene. As no large insert library of wheat was available at
that timeEn collaborative effort of several research groups was started
to create a BAC library of T'. monococcum£a cultivated diploid with
a close relative of the A genome in hexaploid wheat. The BAC li-
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brary contains more than six genome equivalents and is double spot-
ted on filters which are available from our lab. A mapping population
of 3150 F2 plants segregating for the Lr10 gene has been established
and a marker closely linked to the genéE” 0.1 ¢cMECwas found. This
marker was the starting point for the assembly of a physical contig in
T'. monococcum . The use of subcloned BAC ends for mapping was
only successful in a few cases but in general was problematic. To
derive probes from BAC clones for genetic mapping we developed a
rapidj °low passj*sequencing protocol. Shotgun DNA libraries from

BAC clones were generated and sequenced at 1.5 x genome equiva-

lents. The obtained sequence data were sufficient to identify coding
region€£ ‘usually good probes for mappingE@as well as non-codingE-
non-repetitive sequences which sometimes can also be mapped and

used as probes for further walking steps. Probes derived from se-

quencing have also to be physically mapped on the BAC clones to i-

dentify sequences close to the ends of the BACs. Four walking steps

have been completed until now using these approaches. This resulted

in a physical contig spanning around 440 kb on chromosome 1AS.

Progress will also be reported on the mapping of the Pm3b gene.
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Towards map-based cloning of the leaf rust

disease resistance gene Lrl in wheat

LING Hong-qgingEBeat Keller
£7 Institute of Plant BiologyE~University of ZurichE~Zollikerstrasse 107. CH-8008 ZurichE~Switzerland£0

Leaf rustE-caused by Puccinia recondita Rocb. ex Desm. f.
sp. tritici Eriks. & HennEAis one of the most important diseases in
wheat worldwide. There are more than 40 resistance genes against
wheat leaf rust and used in wheat breeding. The Lrl resistance gene
is one of themE-originates from hexaploid wheat and is present in a
number of cultivars. It is a dominant gene located at the distal end of
chromosome 5DL of wheat. We are working on isolation of the Lrl
gene using a map-based gene cloning approach. Generation of a sat-
urated map around the target gene is the first step of map-based gene
cloning. Two segregating F, populations Thatcher Lrl x Thatcher

£72814 individual plants£€nd Thatcher IrI X FrisaE 832 plantsECare
used for fine mapping of the Lr] gene. Three micro-satellite markers
£7°GWM654E-GWM269 and GWM272£0and four RFLP markers
£7°BCD1421£-Psr567£-pTAG621 and ABC718£Care used to analyze
the two mapping populations. The micro-satellite marker GWM272

and the RFLP marker ABC718 are tightly linked to Lr/ gene. The
two markers are located at 0.1 ¢M from the Lr/ gene. For physical
mapping of the Lr] geneE~genomic BAC and YAC libraries of barley
and T. tauschiif D-genome£Ohave been screened with the RFLP
marker ABC718. Five BAC clones from a genomic library of 7.
tauschiif£six from a genomic library of barley and one YAC clone
from a YAC library of barley were isolated. All ends of BAC and
YAC clones have been isolated and analyzed. The ends of BAC and
YAC clones from barley could not be used for mapping because they
are repetitive or did not hybridize with wheat DNA. Most of BAC
ends from T'. tauschii BAC clones showed repetitive sequences. Two
BAC ends isolated from BAC clone 1-1 121K237100 kb£Care poly-
morphic and were mapped at the same position as the RFLP marker
ABC718. We did not find any recombinants in the 100 kb region
around the RFLP marker ABC718.
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Understanding and Manipulating the Genetic Basis of Protein

Quality in Chinese Wheat£Strategies and Current Experiments

WANG Dao-wenEQU Le-qing £JIA Xu £4ZHANG Xiang-qif-WAN Yong-fangE-LI Zhen-sheng
£ The State Key Laboratory of Plant Cell and Chromosome Engineering£-
Institute of GeneticsE-the Chinese Academy of SciencesE-Beijing 100101£-China£0

Seed protein contentEmutritional balance and processing prop-
erty of flour are the three major aspects of wheat protein quality.
Most Chinese wheat cultivars are comparable to their Western coun-
terparts in terms of seed protein content and nutritional balance.
Howeveifvelatively few of them possess good processing property .
The main reason underlying the poor processing property of hexaploid
Chinese wheat varieties is the weakness in gluten strength. Consider-
ing that wheat gluten is mainly composed of a mixture of a finite
number of storage protein species and that the storage protein species
may determine gluten strength through combinatorial controls£-we
formed the following strategies in our studies on understanding and
manipulating the genetic basis of protein quality in Chinese wheat.
1. Genetic analysis. By performing well-structured genetic analysist—
we hope to identify two types of storage protein genesE'rthose genes
whose presence is associated with good processing propertyE” the de-
sirable genesE-or the D-type genesE€and those whose presence is al-
ways associated with undesirable processing propertf™ the undesirable
genesE-or the U-type genesE® Two sets of genetic analysis are being
conducted currently. The aim of the first set of analysis is to obtain
nonfunctional mutants for the majority of the genes whose products
are present in the gluten. This analysis is expected to yield informa-
tion on the function of individual members of storage proteinsE-some
of which may be encoded by the D type genesE-in gluten strength

control. The aim of the second set of analysis is to identify potential

genetic factors that may be responsible for causing weakness in gluten
strength in Chinese wheat through the use of recombinant inbreed
lines. This analysis may produce information on the function of the
storage proteins specified by the U type genes. 2. Molecular analy-
sis. On the basis of above genetic analysisE-a molecular approach
will be undertaken to clone the D- and U-type genes. The cloned
genes will be characterized in terms of genetic diversity in cultivated
wheat and wild species related to wheat and potential application in
molecular breeding for processing property improvement. Because of
the known association between the HMW glutenin subunit 1D X 5 and
good processing qualityE—we are now searching wheat related wild
species for better versions of the 1D X 5 subunit and testing their po-
tential in wheat processing quality improvement. 3. Molecular
breeding. The above genetic and molecular analysis should result in
sufficient gene and marker resources suitable for wheat processing
quality improvement through molecular breeding. The D-type genes
will be transferred into high yieldingE-hexaploid wheat varieties using
the transgenic technology. The molecular markers linked to the U-
type of genes will be used to screen breeding materials for an early
avoidance of this type of genes in breeding programs. In summaryE-
the combination of theoretical and applied investigations described
above should contribute to wheat protein quality improvement in both
China and abroad. In the futureE-wheat quality breeding will be a

more productive and efficient enterprise worldwide.
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Cereal Comparative Genetics-research Opportunities

Mike GaleEKatrien DevosEand Graham Moore
£7 John Innes CentreE~NorwichE-~Norwich Research ParkE€olneyENorwich. UKE®

Map colinearity of gene order is now accepted as the rule rather
than the exception over the Poaceae family which includes all the
major cereals and represents 60 millions years of evolution. Some
nine different cultivated crops  riceEfoxtail milletEsorghumEsugar
caneEmaizeE-wheatE-barleyEryefvatsEtogether with some of their
wild relatives - are now included in the grass consensus map. Others
including turf and the forage grassesE-ryegrass and fescue will shortly
be added. Synteny provides a means by which orphan crops can
benefit from the research years spent on the geneticsEphysiology and
biochemistry of the major cerealsE-particularly riceE~wheat and
maize. Crossable wild relatives are increasingly sought by breeders
as sources of novel alleles for cultivated cropsE-particularly for wheat
and rice. Comparisons of the organization of wild and cultivated
genomes are necessary to predict which genes can be easily trans-
ferred. Such comparisons also give new insights into evolutionE-but

few havef-ns yetE-been made. Much rests on the degree of colineari-
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ty maintained between the larger maize and wheat genomes and the
smaller rice genome. Extensive genetic and genomic facilities already
exist in rice. If the relationship is precise enoughf-then genes may
be isolated in rice from knowledge of their map position in the larger
genomes. Work is underway at JIC to isolate the chromosome pairing
inhibitor geneE~Ph1£-by this means. Although success has not yet
been attainedE-all the indications are that colinearity between the
critical homoeologous regions on chromosome 5B in wheat and chro-
mosome 9 in rice is very precise indeed. The method being used in-
volves inducing a number of smalE™" ~ 100s of kbsEC€deletions in the
large genome targetE-in this case wheat. The target gene is then lo-
calized by identifying areas of minimum overlapE-and the relevant re-
gion of the rice genome sequenced. Once the entire rice genomic se-
quence is available this could represent a very rapid way of isolating

genes from wheatE-barley or maize.
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The Genetics of Adaptation in Wheat
and Its Role in Maximising Yield Potential

J W Snape
£7 John Innes CentreE~Norwich Research Park£~ColneyE-NorwichEH/KEO

To maximise yield potential in any environmentE-wheat cultivars
must have an appropriate flowering time and life cycle durationf-
which fine-tunes the life cycle to the target environment. For plant
breeders to produce such varieties by conventional plant breeding
combined with marker-assisted selectionfE-or by genetic engineeringE-
a detailed knowledge of the genetic control of the key components is
required. Genetic analysis in wheat using precise genetic stocksE-
particularly substitution lines and recombinant substitution linesE-has
revealed that there are three genetically independent systems control-
ling life-cycle duration in wheatEmnamely those controlling vernaliza-
tion responséE” Vim genesEE-photoperiod responséE” Ppd genes£@and
developmental ratéf’j ° earliness per sei£#ps genesEQ This paper dis-
cusses our current knowledge of these systems and their role in modi-
fying life cycle duration and yield potential. In additionfvomparative
mapping of these genes in other Triticeae speciesEparticularly bar-
leyE-is indicating new target genes for discovery in wheatE-and com-
parative mapping with rice is indicating that rice may have ortho-
logues of Triticeae flowering time genesE-andE-hence rice may pro-
vide a strategy for cloning Vrn and Ppd genes using rice molecular
tools. The major genes controlling photoperiod response in wheatf-
the Ppd-1 genesE-have been shown to be located on the homoeolo-
gous group 2 chromosomes. These have been shown to have dramatic
effects on yield potential in different environments. In temperate
northern latitudes it is advantageous to have late spring floweringE-
and hence a long vegetative periodE-mediated by response to longer
day-lengthE-and hence varieties need to possess photoperiod sensitive
alleles. In autumn sown spring wheats in sub-tropical regionsE-or
southern European winter wheats£it is advantageous to flower early
in the spring to complete the life cycle before desiccating summer
temperaturesEundE-henceEvarieties possess strong alleles for pho-
toperiod insensitivityE-such as Ppd-D1a. These genes on 2A£-2B
and 2D are homoeologous to a gene on harley chromosome 2HE#pd-
H1.HoweverEmapping in barley also indicates that there are pho-
toperiod response loci on barley chromosomes 1H and 6HE-indicating
that homoeologous series should exist on wheat group 1 and 6 chro-
mosomes. These have not yet been mapped.

The need for vernalization determines the difference between
winter and spring wheats. The major genes controlling vernalization

response have been located both genetically and physically on the

long arms of the homoeologous group five chromosomes. These genes
are homoeologous to each other and to the vernalization genes on
chromosomes 5SH of barley and SR of rye. By using rice RFLP
probes and a rice mapping population it was shown that a region ho-
moeologous to the Triticeae Vrn-1 region exists on rice chromosome
3. This finding was confirmed using deletion linesE~where probes
from rice chromosome 3 and probes co-segregating with Vrn-Al all
mapped in deletions associated with a flowering time effect. Compar-
ative analysis also indicates that another series of vernalization re-
sponse genes may exit on chromosomes of homoeologous group 4

£74BEA4DE-SALE-and mapping studies in Triticum monococcum sup-
port this. Apart from the ability to protect plants from winter kill by
delaying reproductive developmentE-the Vin genes do not appear to
have major effects on yield potential once vernalization requirement is
satisfied. NeverthelessE-in some environmentsE-lengthening of the
life cycle by introducing vernalization sensitivity can increase the
canopy sizeE-und hence£yield potential .

In wheatE~to dateE-wery fewj ®earliness per seixloci have been
located. Only those on chromosomes of homoeologous groups 2 and 3
have been mapped in any detailE-and then only as QTL effects and
not precisely as major genes. AlsoE-little is currently known on the
pleiotropic effects of different alleles on yield potential in different
environments. In barleyE-all chromosomes appear to carry such locif-
indicating that series of loci that affect developmental rate indepen-
dent of environment remain to be discovered on the other homoeolo-
gous groups of wheat. OverallE-comparative studies indicate that
there are probably twenty-five locifcontrolling the duration of the
life-cycleE~VmEPpd and Eps genesE-that remain to be mapped in
wheat.

Although our knowledge of the genetic control of flowering time
genes has greatly improved there are major gaps in our knowledge of
their detailed physiological effects on the timing of the life cycle from
different sowing dates. This is being addressed by studying the phe-
nology of isogenic and deletion lines in both field and controlled en-
vironmental conditions. This has indicated that the vernalization

genes have major effects on the rate of primodia productiorE-whilst
the photoperiod genes affect the timing of terminal spikelet production

and stem elongationf-and these effects interact with sowing date.
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Towards Understanding the Biology of wheatE¥Work in the Cereals

Research Department at the John Innes Centre£E-Norwich£-UK

J W Snape
£” John Innes CenireE~Norwich Research Park£~ColneyE-NorwichE~UKEQ

The John Innes Centre is a major centre for research into the
geneticsEtytogeneticsEmolecular biologyE-pathology and biotechnol-
ogy of cereals. Most work focuses on wheatE-but barleyEryeE-maize£~
rice and millet species are also studied. Work on cereal cytogenetics
is concerned with studying chromosome pairing and transferring new
variatiorE-particularly for biotic and abiotic stress resistanceEfrom
related alien species into wheat. The transfer of genes for mildew re-
sistanceEaluminum tolerance and salt tolerance are recent success-
es. Particularly significant at the present time is work to clone the
gene PhlE£responsible for controlling the diploid meiotic behavior of
hexaploid wheat. Using a comparative mapping approach and rice
molecular toolsE—possible rice homologues of Phl have been isolated
on rice BACsE-and sequencing of these BACs has identified candi-
date genes.

Work on cereal genomics is concerned with developing new
molecular markersEparticularly SSR markersE-and using these for
mapping and fingerprinting European wheat germplasm. Work to de-
velop Single Nucleotide Polymorphisnf™ SNPEGsystems has been initi-
ated. AdditionallyEnew genomic tools are being developed such as a
hexaploid wheat BAC libraryE-and the Department is involved in the
ITEC EST sequencing and databasingE-and the development of wheat
DNA microarray technology.

The Department has large projects concerned with identifying
new major genes and QTL controlling important agronomic traits us-

ing molecular marker-mediated forms of genetic analysis

and precise genetic stocksEparticularly recombinant substitution lines
and recombinant doubled haploid populations. Major targets are
genes controlling adaptationE—drought and salt toleranceE—pre-harvest
sprouting toleranceE-bread-making and animal feed qualityE-and
adult plant resistance to fungal pathogens.

The Department is a major centre for cereal transformation with
programs on the genetic engineering of wheatE=barley and riceE-
mainlyE-at presentE-using biolistics. A non-destructive marker system
using the luciferase gene is used routinelyE-mediated by special JIC
developed transformation cassettes. A major component of this work
is technology developmentE-where systems for Agrobacterium mediat-
ed transformation are being developed so that marker-freeE-clean-
gene technology can be used. In riceE-the major target traits being
engineered are for pest and disease resistance into West African vari-
etiesEparticularly the use of protease inhibitor constructs effective a-
gainst nematodesE~and a homology-dependant induced resistance
mechanism against rice yellow mottle virus. In barleyE—quality traits
are being modifiedE-such as the introduction of a fungal enzyme to
increase starch conversion during the malting processE-and a gene for
lysine biosynthesis to improve nutritional value. Alongside technology
developmentE-molecular analysis of transgene structureE-expressionf-
and the physical and genetic mapping of transgenes is being carried
out. Work on cereal fungal pathology is concerned with studying
pathogen variation and molecular biologyE-and discovering new host
resistance genes against isolates of the major UK fungal pathogensE»

yellow and brown rustE-powdery
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mildewE~Septoria triticiiE-eyespot and Fusarium species. A mixture
of conventional pathology and molecular pathology approaches are
used in this workEmand a major target is the cloning of avirulence
genes in the pathogen and resistance genes in the hostE-and under-
standing the mechanisms of virulence and resistance. New genes for

resistance to Septoria species on chromosome 7D have recently been

mapped. For resistance breeding against Fusarium speciesEnew
molecular diagnostic tools have been developed to quantify infection
levels using quantitative PCRE=so that the effects of specific species on
infection levels in the stem base and in the head can be characterized.
Details of the work can be viewed at the web site £%ww. jic. bbsrc.

ac.uk.
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Action and application of gametocidal chromosomes

Takashi Endo
£7 Laboratory of Genetics Faculty of AgricultureE~kyoto University KyotoE-606£-Japan£©

When monosomically introduced into wheatE-the so-called ga-
metocidal chromosomes of wild species belonging to genus AegilopsE-
which is related to the genus Triticum£-are known to induce chromo-
somal mutationsE-either lethal or sublethalE-in gametes lacking the
Aegilops chromosome. The chromosome mutation involves breakage
in chromosomes or chromatids and repair or fusion of the broken
endsEresulting in the generation of deletions and translocations. Two
such chromosomesE—chromosome 2C derived from Ae. cylindrica and
chromosome 3C from Ae. triuncialisE=have been used to induce
chromosomal structural changes in each of the barley and rye chro-
mosomes added to common wheat. In the progeny of the wheat lines
that are disomic for the barley or rye chromosome and monosomic for

the Aegilops chromosome£-~chromosome mutations involving the bar-

ley or rye chromosome occurred in more than 10% of the plants ex-
amined. Sequential chromosome banding N-banding or C-bandingE©
and in situ hybridizatiorf” FISH and/or GISHECrevealed that there
were many wheat-alien translocationsE-as well as terminal deletions
of the alien chromosomes. All these aberrant barley and rye chromo-
somes in common wheat would be useful for physical mapping of the
respective alien chromosomes using DNA markers. BesidesE-alien-
to-wheat translocations could be employed in wheat breeding pro-
grams. Terminal segments of the satellite of rye chromosome 1R have
been transferred to the tips of different wheat chromosomes by the ga-
metocidal action of chromosome 3C. By using this strategyE-it is pos-
sible to obtain a 1R satellite segment carrying the disease resistance

genes but not the Sec 1 locusE-which is proximally located.
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Generation of structural changes in barley

chromosomes by the gametocidal chromosome 2C

SHI Fang
£7 Laboratory of GeneticsE~Faculty of AgricultureE-kyoto UniversityKyotoE606EJapan£0

Introgression of agronomically important traits from barley to
wheat is important for the improvement of wheat. AlsoE-knowledge
about precise location of genes in barley chromosomes is a prerequi-
site for map-based gene isolation. The isolated genes would be intro-
duced into wheat by crop transformation and consequently improve
wheat. Many attempts have been conducted to achieve chromosome-
mediated introgressions from barley to wheat and to construct chro-
mosome maps of barley showing physical locations of genes in the
past. In the present study I have developed an alternative chromo-
some-mutation-inducing system capable of producing barley/wheat
translocations and deletions in barley chromosome. The following is
the summary.

1£€h the attempt to induce breakage in barley chromosomesE-l
introduced a gametocidal chromosome 2C into six wheat-barley addi-
tion lines. Chromosome 2CE-from Aegilops cylindricaE-which is a re-
lated species of wheatE-has a gametocidal action causing chromosome
breakage in the progeny of the monosomic 2C addition line of Chi-

nese Spring wheat. The critical plant€ 21" + H” + 2C'£E-isomic for

N A

each of barley chromosomes and monosomic for the 2C chromosome£-
were obtained.

2£@he six critical lines were either selfed or backcrossed with
the respective wheat-barley addition lines. The selfed and back-
crossed progeny of these lines were cytologically investigated by N-
banding and FISH using the barley probe HvI01 that is specific to
the subterminal repeats of barley chromosomes. Various types of
structural aberrationsEmost of which were deletions and transloca-
tionEwere detected for all barley chromosomes with frequencies
ranging from 10.8% to 27.9% .

3£@hromosome 7H was chosen to investigate the distribution of
the breakpoints in the aberrations. Reciprocal crosses were made be-
tween the mutation-inducing common wheat lineE or critical lines£0

£721" + TH" + 2C"ECand the 7H addition line of common wheaf 21"

+7TH"ECto obtain more 7H deletions and 7H/wheat translocations.
There were various types of aberrations as observed in the previous
study. The breakpoints of these deletions and translocations appeared

to distribute along the entire length of chromosome 7H.
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Structural Organization of an Alien Group 2 Chromosome
£ 2Ai-2£8n Wheat- Thinopyum intermedium Addition Lines Z1 and Z2

ZHANG Zeng-yanE-XIN Zhi-yongE-CHEN Xiao
£7 Key Lab of Crop Genetics & Breeding of Ministry of Agriculturef~
Institute of Crop Breeding and Cultivation£E-€AASEBeijing 100081£~China £0
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The barley yellow dwarf vir& "BYDVE@esistance lines of Z1 and
72 were derived from Zhong SE-n partial amphiploid resulted from the
cross between Triticum aestivwh wheatE@and Thinopyrum intermedi-
um . Genomic in situ hybridizatiorE” GISHEGwas used to analyze the
chromosome constitution of Zhong 5 by using genomic DNA of Pseu-
doregneria strigos®  StStE2n = 14£@s the probe. The GISH results
showed that zhong 5 contains 42 wheat chromosomes and 14 Th. in-
termedium chromosomes composed of 4 StE4 Js£4 St-] translocation
and 2 St-Js Robertsonian translocation chromosomes. The chromo-
some constitution of Z1 and Z2 was analyzed by GISH using genomic
DNA probes from Th. intermedium and Ps. Strigosa. The GISH re-
sults indicated that both Z1 and Z2 possess 42 wheat chromosomes
and 2 Th. intermedium chromosomes that were identical to a pair of
St-]J translocation chromosomes in Zhong 5. The Th. intermedium
chromosomesEdesignated as 2Ai-2 chromosome derived from Zhong

5Emostly belong to the St genome except the middle regiorf ™ about

one third of the long armEChelonging to the £ JEGenome. A detailed
RFLP analysis was conducted for Z1£Z2 and their parentsESt and E
£7JEOgenomes. The results of RFLP analyses demonstrated that the
Th. intermedium chromosomés 2Ai-2ESt-JEGh Z1 and 72 are exten-
sively homologous to the Wheat group 2 chromosomes. The results of
RFLP analyses on the genome composition of the 2Ai-2 chromosome
were in agreement with the GISH results. Presence of psr 928 on
2AS and 2DS but absence on 2Ai-2S suggests some internal struc-
tural differences between 2Ai-2 and the wheat group 2 chromosomes.
Some RFLP markers specific to the 2Ai-2 chromosome were identi-
fied and may be effectively used to select translocation lines with
small segment of the 2Ai-2 chromosome and to localize the BYDV
resistance gene in wheat background.
Key wordsESvheatExThinopyrum intermedium£sbarley yellow dwarf
viru€ BYDVEE»enomic in situ hybridizationf GISHEERFLPEho-

moeologous group 2
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Development and Characterization of

Common wheat- Thinopyrum intermedium Translocation

Lines with Resistance to Barley Yellow Dwarf Virus

XIN Zhi-yongEAHANG Zeng-yanEEHEN XiaoEhIN Zhi-shanf-
MA You-zhifEXU Hui-junEXU Qiong-fangEPU Li-pu
£7 Key Lab of Crop Genetics&Breeding of Agriculture MinistryE~
Institute of Crop Breeding and CultivationE-€AASEBeijing EP00081E£€hina£0

Barley yellow dwarf viruf” BYDVEEvectored by several aphid
speciesEis the most significant viral pathogen of wheat and other
grain cereals. Significant economic losses resulting from BYDV in
wheaEbarley and oats have been reported in many countries. The
most economic means of controlling BYDV is to develop wheat vari-
eties with resistance to BYDV. So far no BYDV resistance has been
described in wheat collections except one gene in some cultivars tol-
erant to BYDV. Howeverf-Thinopyrum intermedium£two octoploids
Zhong 4 awnless and TAF46£and the disomic addition linesEh1£A1£~
72 and 76 all showed resistance to BYDV. We developed several

wheat-Th. Intermedium translocation linesE~ Yw642E-Yw443 and
Yw243 etc.£-showing good BYDV resistance from L1 by inducing
homologous pairing using CS Phl mutant. It was found that their
BYDV resistance was controlled by a single dominant gene. Charac-
terization of these wheat lines was carried out by GISH and RFLP
analysis. The results of GISH showed that the linesE-Yw642£-Yw443
and Yw243 etc.£-were homozygous wheat- Th . intermedium translo-
cation lines containing 20 pairs of wheat chromosomes and 1 pair of
wheat-Th. intermedium translocation chromosomesE-in which the

chromosome segments of Th intermedium were transferred to the dis-
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tal end of a pair of wheat chromosomes. RFLP analysis indicated that
the translocation chromosome of the wheat lines was T7DS 97DL-7XL
translocation. The breakpoint of translocation is located on the distal
end of 7D £between Xpsi965 and Xpst680£about 90-99 ¢M from the
centromere. The BYDV gene is located on the distal end of 7XL
around Xpsr680E-Xpst687 and Xwg380. The RFLP markers of

pst680Epst687 and we380 co-segregated with the BYDV resistance
and could be used for marker-assisted selectiof MASEGn wheat
breeding program for BYDV resistance.

Key wordsEThinopyrum intermediumEBYDVE-lisease resistancef
translocationE-GISHE-RFLPE-homoeologous group 7
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Important Agronomic trait Changes in Wheat Caused

by Introduction of Leymus racemoses DNA and Some Molecular Proofs

LI Wei-qifZHAO Min-anfhIU Yun-yingEMIAO JunERIU Min
£ Xinjiang Institute of ChemisiryE~The Chinese Academy of SciencesEUrumqiE-830011£0
QI Jia-huaEZHANG Mao-yinEWANG Zi-xiaEHaizigoli Yang Ke-rui
£ Institute of Nuclear and BiotechnologyE-~Xinjiang Academy of Agricultural SciencesE~Urumqi £-830000£0

In 1989£4eymus racemoses DNA was introduced into
a spring wheat cultivarj °761 j*through pollen tube Path-
way. In the resulted F3 progeniesEupparent trait changes
were observed. In the F4 progeniesE-many linesE-possess-
ing longer earsE-more grains per earf-higher 1000 grain
weight and higher protein contentE~were obtained. We
reasoned that some genetic components of Leymus race-
moses might have been transferred and integrated into the
wheat genome. In order to get molecular proof for above
reasoningE"RFLPE-RAPD and storage protein analysis
were carried out. The following results were obtained. 1.
RFLP DNA  sequence
£ pHv7161£pHv7179E£~pHv7191 and pHv7293£0clones
from barleyt™” Hordeum vulgare£©

analysis.  Four repetitive

genome were used for molecular hybridization using the
genome DNA of Leymus racemosek” donorE€-spring wheat
761E receptorECand the putative transformed wheat lines.
Our results revealed some bandsE-common to Leymus
racemoses and the putative transformed wheatsE-were ab-
sent in spring wheat 761. 2. RAPD analysis. 160 operon
primers were used to amplify polymorphic bands using ge-
nomic DNA of Leymus racemosesEspring wheat 761 and
the putative transformed wheats. 20% of the primers was
polymorphic. The calculated genetic relationship based on
the RAPD analysis wereE35% between Leymus racemoses
and spring wheat 761£-90% between the putative trans-
formed wheats and spring wheat 761. 3. Storage protein

analysis. After comparison of the
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patterns of gliadin and glutenin by SDS-PAGE among
Leymus racemosesEspring wheat 761 and the putative
transformed wheatsE-we found thatE-in gliadin analysisE=n
new band appeared in the putative transformed wheats
with an electrophoretic mobility similar to that of a gliadin

polypeptide of Leymus racemoses . In glutenin analysisE-a

AGOAOT O™ E«” U»» Tu00%»20EU

few high molecular weight glutenin subunits appeared in
the putative transformed wheatsE-which might be derived
from Leymus racemoses. These subunits may have direct
impact on flour processing propertiesE-and are worthy of

further investigations .
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Production of Chromosome Translocation via Crossing
Two Different Alien Substitution Lines in Wheat

JIA Xu

£ The State Key Laboratory of Plant Cell and Chromosome Engineering£-
Institute of GeneticsE~The Chinese Academy of SciencesE~Beijing 100101£-China£0

Translocation lines with useful genes derived from wheat related
species are valuable in wheat variety improvement. But it is not easy
to produce them. The frequency of translocation line production is
usually low in wheat. So farE-most of translocation lines have been
obtained by spontaneous translocation method. It was once suggested

that univalent chromosomes would mis-divideE~reunionf~and form

chromosome translocation at meiosis. This theory has been supported
by some experiments. We designed a series of experiments to in-
crease univalent number at meiosis to test if univalent chromosome
number was related to translocation frequency. Our results showed
that crossing two different wheat-alien substitution lines could indeed

increase the frequency of chromosome translocations.
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Allelic variation of Glu-Al £-Glu-B1 and Glu-DI
in Chinese Commercial wheat Varieties in the Last 50 Years

ZHANG Xue-yongEPONG Yu-cheng
£7 Institute of Crop Germ plasm ResourceE€AASEBeijing 100081£€hina£0

The high-molecular-weightt” HMW£Cglutenin subunits from 85
varietiesE-including 22 corner stone breeding parentsE#45 widely-cul-
tivated varieties in the different period of Chinese wheat production
and 18 recent varieties with good processing qualityE-were fractionat-
ed by SDS-PAGE. The 22 corner stone breeding lines were found to
carry either nulE™ cECor £ af£Csubunits on Glu-Al locus. Five types
of subunits were detected for Glu-BI£-which were 7 + & bEE-] + 9

£7cEBA14 + 1E hEEAT + 1& i£Cnd 6 + &E ™ dEE-with subunit pairs 7
+ 8 and 7 + 9 being the two major types. Six types of subunits were
detected for Glu-DI1E-which are 2 + 12£7a£8-2 + 107 e£8-5 + 10

£7dEE+4 + 1EjE84 + 127 c£Cand 2 + 11£7 gEB~with subunit pairs 2
+ 12 and 2 + 11 being the two major types. With respect to the Glu-
DI locusE-among the corner stone breeding linesE-Early premium
from American carried 5 + 10E-512422/464 from ltaly carried the 14
+ 15E-whereas two related varietiesE-Mara and Alondrafcarried 5 +
10. In the 45 commercialized varietiesE-only Yangmai 5 possessed
the 5+ 10 subunit gene pairs at Glu-DI£-Xiaoyan 6 and Yumai 7
possessed the 14 + 15 subunit gene pairs at Glu-BI . The Glu-BI lo-

cus of four varietiesE¥unoE-Nongda 139E+7hengzhou 683 and Fan 6
all specified the 17 + 18 subunits. The 18 varieties recommended by
the National Agricultural Ministry in 1992 as being the ones possess-
ing good processing property could be classified into two groupsE-one
carried the 5 + 10 subunit pair encoded by the Glu-DI locusE-the
other carried the 14 + 15 subunit pair encoded by the Glu-BI locus.
Zhongzuo 8131 and its selections possessed the 5 + 10 subunit pairE-
the coding genes of which were derived from either Yecora F-70 or
IRN68-181. Xiaoyan 6 and its derivative varieties carried the 14 +
15 subunit pairE-~the coding genes of which were derived from
St2422/464£-n variety that was bred in the early part of the 20th
century in Italy by N. Strampelli. The 17 + 18 subunit encoding
genes in Chinese varieties were derived from Funo or its selections.
These results provided for the first time a basic pattern of allelic
changes at the Glu-1 loci in Chinese wheat varieties in the past 50
yearsEwhich may have important implications in the improvement of

protein quality in Chinese wheat in the future.
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Preliminary Study of Molecular Basis of Male Sterility Induced

by Chemical Hybridizing Agent in WheatE ™ Tritium aestivum£0

ZHANG Ai-minEhIU Dong-cheng
£7 Dept . of Plant Genetics and BreedingE~China Agri. Uni.£Beijing 100094£€hina£0

The exploitation of heterosis to increase crop yield

and improve the end-using quality is an important

achievement won by agricultural scientists in the 20th

century. Howeverfin wheat hybrid seed productionf-
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thoughi ° three lines j%ind ® two lines jBystems have been
studied and tested for many yearsE-wheat hybrids have not
been sown in a large area by farmers. So in 1980sE-ngri-
culturists and chemists began to test chemical hybridizing
agent£ CHAEGind much progress has been achieved. To-
dayE-the sowing area of hybrid wheat produced by CHA
has reached 1 million-hectare. The action of CHA has
been studied intensively in wheat. But most of them deal
with development of anther and pollenf-and transportE-
metabolism of CHA in the wheat plant. Few reports dealt
with molecular basis of the action of CHA. In this studyfE~
c¢DNA-RAPD technique has been employed to study the
molecular basis of the action of CHA. We sprayed the
wheat plant with the CHA Genesis manufactured by Mon-
santo company. Thirteen days later the anthers of the
treated and control plants were collected for RNA extrac-
tion. Reverse-transcribed ¢cDNAs from RNA isolated from
the treatedE ™ sterile£@and controlE™ fertileE@anthers were
used as template for PCR. Amplification by PCR was per-
formed using a single arbitrary RAPD primer. Products of
PCR were separated by agarose gel electrophoresis. The

results are described below.

In the 47 primers testedE-245 fragments were pro-
ducedE-the number of bands per primer ranged from two
to ten. All primers except OPJ20 gave products specific to
one or two types of anthers and the number of specific
PCR fragments varied from one to eight per primer. Of the
total fragmentsE91 were specific to the controlE-their ab-
sence in the treated anthers indicated that the expression
of their representative genes is inhibited by CHA. 74
fragments are specific to the treated anthersE-which sug-
gested that the genes represented by these fragments were
activated by CHA. Of the 27 fragments£ amplified by 23
primersE€common to both samplesE9 exhibited a lower in-
tensity in the control sample£-18 showed an increased in-
tensity in the treated sample. The remaining 53 fragments
were found in both samples in identical intensity. The re-
sults demonstrated that the normal gene expression pro-
gram in the anther was disrupted by CHA treatmentEwhich
ultimately led to abnormality in anther development and

male sterility.
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Chromosomal Location of Agropyron elongatum Markers

in Wheat-Agropyron elongatumt 2n = 14£0Addition Lines

LIU Shu-bing'E-WANG Hong-gang' EZHOU Rong-hua’£HA Ji-zeng®
£71. Agronmy Dept . E~Shandong Agricultural UniversityE~Taian 271018E€hina£»
2. Institute of Crop germplasm ResourceE~CAASE-Beijing£-100081£-€hina £0

Isoelectric focusing TFFEGechnique was used to locate

biochemical loci in Agropyron elongatum by using wheat- Agropy-
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ron elongatum addition lines. There were six loci being located ini-
tially in all. The structural genes of Est-ES and Est-E8 were located
in 3ELEB-Amy-1 in 4EL£Per-El in 7EE-and Per-F4 in 5E. The o-
Amy-E1 was relocated in 6EL. Chromosome location of these genes
provide evidence of homoeology between wheat groups 3£4£-6 and
Agropyron elongatum chromosome 3EE4EE-6EEvespectively. It also

indicated that chromosome rearrangement probably took place be-
tween 1E and 7E chromosomes during the evolution of the E
genome.

Key words£€hromosome locationE-biochemical markE-isoelectric fo-

cusingEaddition lines
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Molecular Cloning and Functional Analysis
of Vernalization Related Genes in Wheat

CHONG KangE-XU Zhi-hongE-TAN Ke-hui
£7 Institute of BotanyE~Chinese Academy of SciencesE~Beijing 100093£-China£0

Ver203£a gene related to vernalization in winter wheat was
cloned by the strategy of differential screening and RACE PCR. Its
function was investigated by antisense transformation in both wheat
and Arabidopsis. A number of transgenic plants were obtained and
their response to vernalization treatment was characterized. For the
plants in the 6 lines in which the antisense construct was expressed

efficientlyE-flowering stage was significantly delayed. The develop-

mental pattern of inflorescence was also changed in the transgenic
plants of wheat and Arabidopsis. The upper spikes of transgenic
plants were degenerated in wheatE-and the florescence of transgenic
plants became terminal flower in Arabidopsis . This suggests that the
VER203 type of proteins may play an important role in floral initia-

tion and flower development in winter wheat and Arabidopsis .
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BreedingE-Genetic Analysis and Utilization ofj ®Zhong Seriesjt
Varieties of Trielytrigia
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SUN Shan-chengEBAI Jian-rong

£7 Institute of Crop Genetics .

Fivei®Zhong series j xvarietiesE~Zhongl £~ 7hong2£~Zhong3£-
Zhongd£~7Zhong5E-of octoploid Trielytrigia have been bred by hy-
bridization of common wheat with Elytrigia intermedium. Many ge-
neticists and breeders have considered these varieties as good
germplasm resources possessing disease resistance as well as high
seed protein quality. The breeding procedure and pedigreeE~mor-
phologyE-biologyEdisease resistanceEuality traits and genome con-
stitutions of these materials have been investigated. By utilizing the j£

Zhong seriesj fgenetic materialsEn number of commercial wheat vari-
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Shanxi Academy of Agricultural SciencesE-Taiyuan 030031£-€hina£0

eties were produced. They included Long Wheat 10 with resistance
to BYDVE-Linkang 1£-8lack-grained wheat 76 with high seed protein
qualityE-Jinyan 1 with salt toleranceE~Zaoyou 504 with high quality
and early maturityE-Gaoyou 503 with high yield and qualityE-Shanxi
Wheat 8007 with high quality and immunity to stripe rustE-Gui
Wheat 3 with early maturity and resistance to dampnessE<{.ong wheat
9 with resistance to leaf rustE-Xiaoyan 33 and Jinchun 13 with high
yieldE-eood quality and disease resistance.
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Production of Fertile Hybrid Plants Via UV Fusion between
Triticum aestivum and Agropyron elongatum and

Cytogenetic Analysis of the Resulted Progenies

XIA Guang-minEXTANG Feng-ningE-ZHOU Ai-fenf-LI Zhong-yi* £EEHEN Hui-min
£ School of Life SciencesE~Shandong UniversityE~Jinan 250100E-€hina£»
% CSIRO Division of Plant IndustryE~G. P. O .1600E-Australia£©

Protoplasts of common whealf™" Triticum aestivum L.2n = 42£0
cv. Jinan 177 were fused with ultravioleE UVECirradiated protoplasts
of Agropyron elongaturh” 2n = 7T0EGria a PEG method. Sterile hybrid
plants were regenerated from the fused product and their ovaries were
induced to form calli. From the resulted callus tissueE—green plants
were differentiated. These somaclonal plant€ SFOEGwere investigated
using chromosome and isozyme analysis. The results showed that
they contained chromosomes from hoth donor<E 1. e. E-riticum aes-
tioum and Agropyron elongatum£® Two of the SFO plants grew to ma-
turity and set seeds. The analysis of phenotypeEthromosome consti-
tutionfisozyme pattern and RAPD polymorphism of the F; plants
confirmed their hybrid nature. CollectivelyE-these results demonstrat-

ed that fertile hybrid plants could be produced from the procedure
described above.
progenies. The type I and II plants had higher stalk€™ average 75 ~

Three different phenotypes were observed in F2

85 cmECand big ears and grainsE-but plants of the former phenotype
possessed fewer tillers. Type III plants had short stalks average 55
cmEChut possessed high ability of tillering. Cytogenetical analysis of
Fy plants and their successive generations showed that in Fy to F3
generations the chromosome numbers of root tip cells varied in the
range of 36 ~ 44£-and many cells contained 1-4 micro-chromosomes
£7mcEO In PMC MI stage of the F2 plantsE-the chromosome configu-
ration was mainly 1711-2211 with 1-4 additional micro-chromosomes.

Comparing to F,E-more chromosome configuration of 2011 -2111 oc-
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curred in F3£-and over 70% of cells had the chromosome configura-
tions of 2111 + 1-2 mes. A large population of the different hybrid
lines have been obtained through propagation and selection in suc-

cessive generations. Their agronomic traits have been studied and

will be reported in a separate paper.
Key wordsETriticum aestivumEMgropyron elongatumEMAsymmetric
somatic hybridizationEFertile hybrid plantsE»Cytogenetic analysis
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Evidence for Co-dominance£Genome Interaction
and Dosage Effects in Glu-1 Gene Expression
in F, Seeds of Common Wheatt™ Triticum aestivum L .£0

PAN Xing-laifPAN Qian-yingEZHANG Gui-yuanfWANG Yong-jieEXIE San-gang
£ Cotton Research Insritute£Shanxi Agri. Sci . AcademyEYuncheng£hanxi £€hina £044000£0
WANG Dao-wen
£ State Key Laboratory of Plant Cell and Chromosome EngineeringEnstitute of GeneticsE~Chinese Academy of SciencesE-Beijing 100101£0

PAN Deng-kui
£" Shanxi Agriculture UniversityE-~TaigufShanxi 030801E£€hina£0

Eighty two F1 seeds selected randomly from 33 hybrid ears of
23 crosses between 8 parental varieties were examined by 10% SDS-
PAGE for HMW-glutenin expression and accumulation. The follow-
ing results were obtained. 1. All tested 8 alleles co-dominated in the
F1 seeds of 22 crosses. 2. In the 6 F1 seeds of the cross Pan 555 /
Zheng 891£-u novel subunit appeared in stead of the expected sub-

unit 9" contributed by Pan 555£0and subunit 10£™ contributed by
Zheng 891£E-indicating that an interaction of unknown nature be-
tween the maternal and paternal genome had affected the expression
of some HMW glutenin genes in the endospermic cells of the hybrid
seed. 3. The subunits specified by the maternal genes accumulated

twice as much as those specified by the paternal genes.
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Effect of phib gene on direct genetic transfer

from Haynaldia villosa to Triticum aestivum

CHEN JingEPENG Guang-bingEZHANG Xiao-pinE-MA Xin-rongE-YU Mao-qun
£” Chengdu Institute of BiologyE~Chinese Academy of SciencesE-610041£€hina£0

Hybrid plants between Triticum aestivum varj ®Chinese Springj+

£7°CSEEHits phlb mutanE CSphlb£Cand Haynaldia villosa were ob-

tained by immature embryo culture. After selfingE-the two types of

hybrids showed seed setting rates of 6.67% and 6. 25 % E-respec-

tively. The analysis of chromosome pairing behaviors at meiotic
metaphase I showed thatE-on the averageE-only 1.61 chromosomes
could form bivalent and trivalent in each PMC of the hybrid F; CS x
H. VillosaE~with the configuration 2n = 28 = 26.391 + 0. 7911 + 0.
007111. Howeverf-in the hybrid ¥, CS phib x H. VillosaE~14.43
chromosomes per PMC were involved in bivalent and multivalent for-
mationE-with the chromosome configuration of 2n = 28 = 13.551+ 5.
9511 + 0.55I11 = 0. 22IVE-andE-n over 56% of the PMCsE-1-4 mul-
tivalent£ trivalents and quadrivalentsEGvere produced. The observa-
tion of meiotic chromosome pairing by using genomic fluorescent in

situ hybridizatiorE” GISHECrevealed three types of chromosomal asso-

AGOA -OxOT_ °00A" «N§ -1 -
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ciationsE%heat-wheatE-wheat- H. villosa and H. willosa-H. villosa

in PMCs foii® CS phlb x H. villosa i F; hybrid. The seed set of the
backeross of thi® CS phlb x H. villosa i, with CS was 6.67% and
that Gf® CS x H. villosa i F; with CS or CS phlb was only 0.45% .
The chromosome number of BC; plants varied from 48 to 72. Robert-
sonian translocation chromosomes consisting of chromosome arms
from wheat and H. villosa were detected by mitosis GISH in the BCl1
plants from the backcross of® CSphlb x H. villosaito CS phlb.
These results led to the conclusion that the phlb gene induced a
higher level of homoeologous chromosome pairing between common
wheat and H. villosa . The transfer of desirable genes from H. villosa
to common wheat may be facilitated by using the phlb gene.

Key wordsE@enetic transferE-GISHE Haynaldia villosaEphlb genef»

homoeologous pairingE¥riticum aestivum
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Utilization of Molecular Cytogenetics Technology in Transferring

and Pyramiding Useful Alien Genes into Common Wheat

CHEN Pei-du
£” Cytogenetics InstituteE~Nanjing Agricultural UniversityE~Nanjing 210095£€hina£0

Rich genetic resources are contained among wheat wild rela-
tives. Cytogenetics Institute of Nanjing Agricultural University com-
mences to transfer these genetic resources from relatives into common
wheat. The hybrids between common wheat and Haynaldia villosa£~
Leymus racemosusERoegneria ciliarisE-~Roegneria KamojiE-Secale ce-

reale or Thinopyrum baserabicum£-and their alien chromosome stocks

such as additionfEsubstitutionf-translocation and introgression lines
were developed via successive pollinations and immature embryo res-
cues. The resulted progenies were characterized using mitotic and
meiotic analysis combining with chromosome banding and in situ hy-
bridization. Isozyme pattern and RFLP analysis were used to deter-

mine the homoeologous relationship between alien chromosomes and
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those of common wheat. IrradiationEh systenf™ homoeologous pair-
ing control systemE€-pametocidal chromosome effect were successful-
ly employed to induce translocation and deletion lines. Chromosome

C-bandingEn situ hybridizationERFLP and trait-tracing were used to

identify alien chromosome£—~chromosome segmentsE-breakage point of

translocation or deletionf-and to map the introgressed genes such as

those conferring resistance to powdery mildewEyellow rustEFusarium
head blight and take-all diseases. As the result of ahove effortEnew
genetic materialsE-which contained multiple useful alien genesE-were
developed. To improve the agronomic characters of the derived
linesE-back crosses orij °rolling j*crosses using superior varieties or

lines as recurrent parents are currently being conducted.
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A RAPD Marker Linked to the Resistance Gene to
Powdery Mildew in Wheat Variety-Fu Zhuang 30

WANG Li-xinE8U Ai-lianE-XU Min-xinEWANG Xiu-qginEReter. P. Ueng ™ £JIA Ji-zheng™ *
£7 Beijing Plant Cell Bioengineering LaboratoryE-Beijing Academy of Agriculture and Forestry SciencesE~Beijing 100089E€hina£»
% Molecular Plant Pathology LaboratoryE~USDA-ARSE-MD 20705E4/S

* % Key Laboratory of Crop Germplasm and BiotechnologyE-Institute of Crop
Germplasm ResourceE€hina Academy of Agriculture SciencesEBeijing 100081£-€hina £

Powdery mildew is a severe fungal disease in wheat. So far 29
Pm genes conferring resistance to the disease in wheat have been i-
dentified. HereE-we report a RAPD marker linked to a recessive Pm
genéE "tentatively designated as Pm30£Cin wheat variety - Fu Zhuang
30£-~which showed high resistance to all powdery mildew races
recorded in China. A 628 bp fragment was specifically amplified with
RAPD primer UBC40E" CTCTCGTGCGECin Fu Zhuang 30£-but not
in susceptible cultivars Nong Da 015 and Jing Hua No. 1. With bulk

DjA6°T " PAAGTAT  °0

segregate analysis of 101 F, progenies of Nong Da 015/ Fu Zhuang
30 and 62 F, progenies of Jing Hua No.1/Fu Zhuang 30 crossE-we
calculated that the genetic distance between the UBC405-650 RAPD
marker and the Pm30 gene was 13 ¢cMELOD value of 7.4£0 The
RAPD marker will be valuable in marker assisted selection in breed-
ing programs aimed at transferring the Pm30 gene into commercial

wheat varieties.
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Production of Fertile Somatic Hybrid Plants Between

Triticum Aestivum and Haynaldia villosa

ZHOU Ai-fen'EXIA Guang-min'EAHANG Xiang-qi*£6HEN Hui-minfEHU Han?
£71. Life Science SchoolE~Shandong UniversityE~Jinan 250100E-€hina£»
2. Institute of GeneticsE~Chinese Academy of ScienceE~Beijing 100101£€hina£0

Intergeneric somatic hybridization between suspension-derive
whea€ cv Jinan 177£Cprotoplasts having only 24 ~ 28 chromosomes
and callus-derived Haynaldia villosa potoplasts with 11-14 chromo-
somes was carried out by a PEG method. A high frequency of puta-
tive hybrid calli and plants were regenerated from fusion products.
Their hybrid nature was identified by cytologicalE-biochemical and 53
rDNA spacer sequence analysis. The results showed that all the ana-
lyzed regenerated calli and plants were hybrids. GISHE™ genomic in
situ hybridizationEanalysis proved the existence of the chromosomes
of both donors and the occurrence of translocation between the chro-

mosomes of the two species in the hybrid clones. The analysis of the

A N

cytoplasmic DNA using mitochondrion and chloroplast-specific probes
revealed that some degree of recombination between the organellar
genome of the two species occurred. The gross morphology of hybrid
plants resembled that of two donors. One hybrid was fertile and gave
rise to seedE-which resembled that of Haynaldia villosa in morpholo-
gy. In conclusionf-we generated fertile somatic hybrid by intergener-
ic somatic hybridization. The co-existence of both speciesj chromo-
somes in the hybrid clones in relation to their regeneration capacity
and the production of fertile hybrid plants will be discussed in the

speech.
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Studies on the Detection of Alien Chromosome Fragments and

Obtainment of Molecular Markers Linked to Specific Genes in Wheat

SHI Rui
£7 Department of BiologyEHarbin Normal UniversityEHarbinEHeilongjiang Province 150080£€hina£0

In our laboratoryE+ISH technology has been applied in the de-
tection of alien chromosome or large alien chromosome fragment£” for
instanceE-the rye chromosome fragments in translocation line of
wheatE© But for investigating translocations involving small segment
of alien chromosomesE~"DNA fragment analysis based technologies

such as RAPD and AFLP have been used. The latter methods also

have been applied to pbtain molecular markers linked to specific
geneE our focus was the Rf3 restorer gene of G-type CMS of
wheatE©@ An alternative method for finding new molecular markers is
subtractive hybridization. Our aim in using this method is to obtain

high copy sequencesE-which are specific to rye.
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Preliminary Study on the Mechanism

of the Vernalization Development in Wheat

YIN JunEREN Jiang-pingEPONG Ai-xiang
£" Shanxi Agricultural UniversityEdaigu 030801£€hina£0

Three wheat varieties different in development properties were
treated by means of vernalizationfde-vernalization and their protein
extracts were analyzed by SDS-PAGE. The results showed that ver-
nalization and de-vernalization treatment not only increased the
amount of soluble proteinsEbut also induced some new protein€ 53 .
2 kDa£46 kDa£Gin two winter wheat varieties Mercia and Jing 841.
The two new proteins also existed in spring wheatEbut were absent in

winter wheat before vernalization. The peroxidase and esterase isoen-

zyme actlivity also increased in the vernalization processE-indicating
that peroxidase and esterase activity may be required for vernalization
of winter wheat. Glucose-6-phosphate isoenzyme activity changes
may also be related to vernalization development of winter wheat.
Howeverfsuperoxide dismutasef” SOD£O@isoenzyme activity was not
changed by vernalization treatment. These results demonstrated that
the vernalization was a process that involved changes in gene expres-

sionfprotein synthesis and enzyme activities.

-C Robertsonian AADIDj CUAGOX T» TupAND Y,

o

(o]

-

£°0020¢£NSOC0A” «ND¥%¢ EUO2TTT, °008E%E« 181031 10%000UAEUNEEOE4+%0 100101£0

104" EED FUAGESX T» T
0B 1% 0AA°ALD343

TATx+8ETAGER

AOA+a°A£0253-9778 "2001£601-0062-02

About non-Robertsonian wheat-rye chromosome translocation lines

HU Han
£ State Key Laboratory of Plant Cell and Chromosome EngineeringEdnstitute of Genetics CASEBeijing 100101£-€hina£0

Plant geneticists and breeders pay great attention to the investi-
gation of translocation linesE-because it involves the study of chromo-
somal structure and functionf-and the transfer of alien chromosomal
fragment£”"genesECinto wheat. Excellent translocation lines do have

direct application in breeding programs. The principles and methods

of inducing chromosome translocation lines have been reviewed. The
techniques used in inducing chromosomal translocations can be clas-
sified into two major types. 1. Regulating the activity of the Ph gene
to facilitate the exchange between homoeologous chromosomes so as

to create translocation lines. 2. Exploitation of irradiationE-tissue
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culture or gametocidal chromosome induced chromosomal breakage
and reunion to obtain translocation lines. In the last decadeE-we ob-
tained many wheat-rye translocation lines from regenerated pollen
plants. Among the 10 translocation linesE-there were 4 non-Robert-

sonian translocation lines. The non-Robertsonian translocation linesE~

were identified using a range of techniquesE-including C-bandingEn
situ hybridization and genome or chromosome-specific molecular
markers. Based on our investigationsE-we conclude that the non-
Robertsonian translocation lines arising from anther culture were the

products of abnormal mitosis in in vitro cultured cells.
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Micro-dissection of Wheat Chromosome 6B and
Construction of Its Region Specific DNA Libraries

ZHOU Yi-huaEWANG Huaif€HEN Zheng-hua
£” Institute of GeneticsE€hinese Academy of SciencesE~Beijing 100101£€hina£0

Chromosome 6B of wheaf™ Triticum aestivum L.ECof cultivar j*
Chinese Springj*was dissected into four fragments£ R1 ~ R4£0by
laser microbeam. Thenf-each of the four fragments was isolated and
amplified in vitro via Sau3A linker-adapter-mediated PCR for two
rounds. Using wheat genomic DNA as probeEsouthern hybridization
confirmed that the chromosomal fragments were successfully ampli-
fied. A set of microsatellite primers that would amplify microsatellites
in defined chromosomal location€ kindly provided by Prof. M.D.
Gale of the John Innes CenterE€was adopted to verify the chromoso-
mal origin of the PCR products. The results showed that the ampli-
fied products from R1 and R2 weref-indeedE-from the respective dis-
sected regions. FurthermoreE-CISE™ chromosome in situ suppression

hybridizationE@was also employed to verify the location of the PCR

products. The PCR products were found to hybridize to the specific
regions of 6BE-indicating that the products contained region-specific
sequences. Following the micro-dissectionEfour chromosomal region-
specific DNA libraries were generated by cloning the second round of
the PCR products into a plasmid vector. The resulted libraries were
characterized in several aspects. Approximately 2.1 x 10° ~2.93 x
10° recombinant clones were present in each of the four libraries.
The size of inserts varied from 300 to 1800 bpE™ with an average
length of 850 bpE©® 43% ~ 48% of inserts hybridized to single/low
copy sequencesEwhereas 42% ~ 47% represented medium/high
copy ones. The clones in these libraries could provide a source of
chromosomal region-specific probes for genetic mapping and for

studying the structure of chromosome 6B in the future.
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Structural Changes of Alien Chromosomes Arising from Tissue Culture
and Their Exploitation in Producing Novel Translocation Wheat Lines

LI Hong-Jlie"2£FIA Xu'E6HU Cheng-chai®
£71. The State Key Laboratory of Plant cell and Chromosome EngineeringE-
Institute of GeneticsE~The Chinese Academy of SciencesE-Beijing 100101£-~China£»
2. Institute of BotanyE~The Chinese Academy of SciencesE-Beijing 100093£-China£0

Fluorescence in situ hybridization was applied with total genom-
ic DNA extracted from D. villosum as a probe to characterize chro-
mosome translocations arising from tissue culture in crosses of
Triticum aestivum x T. durum-D. willosum amphiploids. Chromo-
some translocations between wheat and D. villosum occurred indeed
in callus cells at an average frequency of 1.9 % . Translocations ex-
isted not only in callus cells but also in regenerate plants. Three
plants with translocation chromosomes were characterized among 66
regenerated plants. One of them was proved to be a reciprocal
translocation with break point of wheat chromosome at about one
third of a chromosome armf-and that of D. willosum at about one
half of a chromosome arm. The break point of the other two translo-
cations was located atE-or near centromeres. These similar results
from both callus cells and regenerated plants provided evidence that
chromosomal translocations could take place in tissue culture. Addi-

tional chromosome structure changest™ fragmentsE-telocentricsEdi-

centromeresEand deletionsECs well as numerical alteration€™“includ-
ing aneuploid and polyploidE@were also observed in tissue cultured
cells. For 175 regenerated plants arising from immature embryos of
crosses between whea€ " Triticum aestivum L.£Cand 6D/6V substitu-
tion stocksE-electrophoresis of glutamate oxaloacetate transaminase
£7°GOTEGisoenzymes was performed. The GOT-V2 enzyme band was
absent in two plants£™ designated as 98R149 and 98R159£-respec-
tivelyEQ Fluorescence in situ hybridization with total genomic DNA
extracted from D. wvillosum as a probe confirmed the occurrence of
translocation between 6V chromosome and an unknown wheat one in
the two regenerants mentioned above. 98R149 and 98R159 were im-
mune to powdery mildevE™ Erysiphe graminis DC.{. sp. tritici£€inoc-
ulation with mix races collected from Hebei Province. These results
demonstrated that useful translocations might be produced via tissue

culture.



