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THE STRUCTURE AND ORGANIZATION OF THE LABORATORY

The former Laboratory of Crop Genetic Breeding was promoted to today's State Key Laboratory of Crop
Genetic Improvement (hereafter Key Lab) in 1992 under the recommendation of Agricultural Depariment and the
Approval from National Planning Comunittee. The key lab has integrated with relative researching units in
molecular biology and cell genetic manipulation, and has followed the policy of synchrenizing development in
construclion, running ard opening during its establishment.  After three year's eflorts, the key 1ab has passed the
acceptance examination of Agricultural Department at the end of year 1994,

The key tab has 28 fixed researchers, 20 visiting scholars including 9 from home university.  The key lab has
tolully 35 students studying for different degrees or accepling advanced {raining. Among them, there are 21
students for Master degree, 31 for Ph. D. and 3 postdoctoral fellows.  The key lab holds about 60 researching
projects at present and produces about 60 researching reports or articles each year.

As planned, the key lab consists of 6 branch laboratories.  The name and their managers ase listed bellow:

Crop Molecular Genelics Laboratory Qifa ZHANG
Crop Cell Genetic Manipulation Laboratory Xiuxin DENG
Crop Quality Genetic Improvement Laboratery Yongming ZHOU
Crop Pest Resistance Genetic Improvemnent Laboratory Jinfa ZHANG
Crop Disease resistance Genetic Improvement Laboratory ~ Duanpin ZHANG
Crop Helerosis Researching Laboratory Tingdong FU
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RESEARCH ORIENTATION

The main interest of the key lab will be focused on the crop genetic improvement.  For this overall objectives,
we will combine the traditional breeding metheds and biotechniques. In addition to the exploration of new
researching areas such as developing rew breeding materials and solving the cunning preblem encountered in
breeding practice by introducing and using new techniques, we dedicate to transferring the findings and resulls of
rew and high techniques into breeding tiroush the assistance of traditional approaches. The key lab encourages
researches in basic theories, applied theories and emphasizes application researches as well.  The rtesearchers
should try to reach the frontier of science and catch up the world advanced level. The key lab is seeking to
develop new idea, new approaches and new materials for crop improvement at molecular, cellular, individual and
popular levels. In detail, the main interests are outlined in the fields listed below:

1).  Genetic basis, breeding approaches of crop quality, stress resistance, yield potential and their interaction;
Development of new genetic germplasm.

2).  Genetic basis of crop heterosis, Development of new germplasm with high hybrd vigor and new methods for
the utilization of heterosis.

3). Development of technique systems in cell engineering, Development and exploration of new bridge
germplasm.

4).  Construciion of geaclie linkage maps for important crops like rice; Crop genetic transformation.
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RESEARCIH PROGRESS

MOLECULAR BIOLOGY AND CROP GENETIC IMPROVE-MENT

Rice Molecutar Biology
Mapping and Cloning of Rice Photo-period Sensitive Male Sterile Gene(s)

Ore polymorphic RAPD marker out of 300 arbitrary primers screened in a Fy population of 32001s X

Minghui 63 has been found to be lirked to sterile gene.  This result has been confirmed by RFLP analysis using
the PCR bands as probe.  The marker is a single copy sequence in rice genome and is linked to sterite gene pmsl
at a distance of about 9 ¢M at RG352 side on chromosome 7 determined by RFLP analysis of 112 progenies.  Itis
§ <M closer to pms! than RG352 which links to pmst at a distance of 15 ¢M. In addition to RAPD, we have
requested about 10 RFLP probes from Japon and constructed a high density, low solution regional map around

pmsl gene by using sterile extremes.  This result will be the basis of psm1 gene's isolation from BAC or YAC
Jibraries,

For confirming the reality of the conclusion that pms! gene is located on chromosome 7, wg have carried out
RFLP analysis for the bulked extremes of the F2 progenies of hybrids Nongken 58 X Lunhui 422 and Nongken 53
% 1514.10 probes on chromosome 7 showed linkage relationship with sterility.  We also found that Nongken 583
and Nongken 58 are homologous for sterile gene pmst because two pms] linked polymorphic markers, RG30 and
RG626. do not show linkage with sterility in the 140 F3 progenies of Nongken 58s X Nongken 58.

We are consiructing YAC library of Minghui 63 in order to isolate the restorer genes of sterility genes based on
the high density map.  This work will provide the basis for figuring the genes in structure and function.

In otder to explore the stability and restorability of photo-period male nuclear sterility of rice, an intensive
companizon in tenns of the effects of artificial and natural hight and temperature on sterility has been conducted in
eavironmenially controlled incubators, in ditTerent growing seasons and at different places. The objective has
been achicved by obsarving the fertility phenotype of the 240 F progenies of hybrid Peiai 64s X 8%02s in incubator,
natural long day and short day tight conditions, and RFLP analyses for the stable, unstable, high restorable and low
restorable bulks of F5 progenies derived from hybnds Peiai 64s X 8801s, W5154s and 89125 respectively.

Rice Genome Mapping

A linkage map has been constructed based on RFLP data of 170 Fy progenies of hybrid Ajjiaonante X P16

(wild rice). Among 420 evenly distributed markers, 220 was selected from Japanese map, and remains have  the
origin Lthe American map.

In order to overcome RFLP markers limitaticns in both number and polymorphism, we have introduced

several PCR-based high volume marker systems in 1995, This work will provide the hasis for the high density
genome screening in future.

Microsatellite DNA polymorphism or SSR is a high polymerphic marker system in which the repeaiing
numbers of simple sequences such as mono-, bi-, tri- or tetra-nucleotides provide the source of polymorphism being
amplified by two flanking primers through PCR.  We have analyzed the polymorphism of about 50 SSR loci

retrieved from rice data bank or sequenced ourselves in hybrid rice parental lines and mapped some of them in
segregation populations.

With the identification and sequencing of more and more repetitive elements in rice genome, TWo reverss
primers could be designed to amplify the sequences, and thus the length polymorphisms they linked. This
lechnique was named as reverse repetitive sequence polymorphisms which need less primers and can detect about
I5 bands each primer observed in our sludy. We have tied to use it in the construction of rice map.

Amplilied Fragment Length Polymorphism (AFLP} is the most promising high volume marker system at
present. We have pained segregation data for more than 100 loci in an experimental population. [t may be the
first altempt to construct high density map for some important chromosomal regions using AFLP.
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We have svaluated the discase and stress resistance of aparent of mapping population, wild nce Onyza
rufpogen. [t has been found that this parent has high resistance to 16 of 20 bacterial blight pathogen strains. It
has high tolerance to tow temperature and high saline conceatration as well.  The tolerance to low temperature
was controlled by main genes, and is a qualitative character.

Genetic study on rice heterosis

The genelic study on rice heterosis has been conducted both in the examination of agronomic characters and
RFLP analysis.  We have finished the evaluation of yield and its components for ¥, and F, families of Shanyou 63

{Minghui 63 X Zheashan 97) and F, families of Maxie 63 (Minghui 63 X Maxie). We are screcning the

polymarphic markers for the pareats used in hybrid seeds production at present.

Maize Molecular Biology

Motecular mapping of Rfj confering the restoration to maize 8-CMS.

RY; gene which confers the restoration to maize S type cytoplasimic male sterility has been assigned to a region
bounded by two RFLP markers, UMC49 and UMC36A, on clromesome 2. 1t links to UMC49 and UMC 36A at
distances of 4.8 ¢M and 12.7 ¢cM respectively.  Two markers are totally 1.6 ¢M closer to RI in companison with
Dr. Kamp's result.  This result was achieved by RFLP scoring lor bulked sterile and fertile sarples (20 plants
each), and 132 individual plants of a backcross population derived from double hybnds (Mo17 CMS Shuang rfirf,
x HZ, RERE) X Mot 7 rfyrf;  and linkage analysis using JOINMAP program.

In addition to RFLPs, we have found that 3 cut of 340 10.-mer arbitrary primers, EQ8, M02 and 012, have
finkage relationship with R}, and determined a 2.7 ¢M distance between E08-1.2 and Rf, by RAPD scoring for

174 plants of above backeross population.
mtDNA Genetic Diversity of Malze CMS Varieties.

We have determined the specific restorability of Mol7, Hz, and Hui313 testers to 30 CMS varieties from

different sources and divided these vanieties into 4 cytop&asmic types. In addition to kraditional genetic analysis,
RFLP technique has also been adopted to CMS cytoplasmic classification.

The RFLP analysis of 30 CMS varieties probed by 11 mitochondrial ¢cDNA sequences has shown that 20 out
of 44 probe/enzyme combinations can detect polymorphism among 4 CMS groups, 15 can distinguish T, C, S, and
N groups, and 7 and 2 detected palymorphism within S group and N group respectively.  The varieties between
groups are mare diverse than those within groups determined by cluster analysis.  The elassification based on
RFLP data is agreed well with genetic analysis, and PHI2-7-1/BamH1 could be used as indicator [or maize CMS
grouping. We have assigned Jiang type CMS and 127 CMS to S and T groups respectively according to RFLP
data. More interestingly, we found that the most diverse mIDNA fragments are correspond te COXIL, Cob and
atp, genes which are indirect clues for identifying CMS genes in S group. The preliminary screzning in these 30

CMS varieties has been done for 30 10-mer arbitrary primers.  We need more work in adapling RAPD markers
for CMS classification.

Rapeseed Molecular Blology

We have established the RFLP technique system for rapeseed genetic researches, 59 Brassica napus
varieties have been grouped into 6 types based on RFLP data of 28 genomic probes.  This result provides some
kind of instruction to breeding practice. We have also characterized the progernies derived trom interspecific
hybtid of rapeseed by using REFLP probes originated from both nuclear and mitochondrial genomes, and done
QTL analysis for some economical characters including pod tength and fruit number.

TiSSUE CULTURE, CELL BIOLdGY AND CROP GENETIC IMPROVEMENT
Citrus Protoplast Fusion and Somatic Hybridization

Based on citrus protoplast symunetrical fusion, we have established dissymmetrical [usion technique which
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will be the prerequisite in developing citrus cytoplasmic hybrids. By treating protoplast suspension with iodine
acclate and Rhodamin 6-G at different concentrations, we have oplimized the concentration of iodine acetate for
inhibiling the division of protoplast. We found that A at the concentration of 0.25uM (0.1-0.5 uM) can

completely stop the division of protoplast and SOKR soft X-ray can effectively inhibit the division of protoplast
from the most donor vaneties.

According Lo these observations, we have conducted the fusion experiments for the following combinations:
Murcofl tangor + Bennazza Navel Orange
(1A treated) {X-ray treated)}
Nova Tangelo  + Newhall Navel Orange
(1A treated) {(X-ray Treated)
The celt clusters and embryoids have been obtained in the cultivation of hybrid cells,

The cylogenetic examination of calli has shown that 82.5% cells are diploid, and anecuploid and tetraploid
cells count for 8% and 6% respectively at callus stage.  All the cells at embryoid stoge are diploid. Whether
these cells are cytoplasmic hybrids can only be determined after plant regeneration.

The embryoids have been obtained trown the fusion of Rough Lemon {Citrus jambhin Lush) leaf protoplast and
Page Tangelo protoplast suspension under the mediation of electric ficld. Tetraploid and diploid cells count for
30% and 60% respectively.  From the inter-genus fusion of Poncirus trifoliata leafl protoplast and Page Tangelo,

several plants have been regenerated.  Among them, 4 plants were determined as tetraploid(2N = 4X = 36), which
show dominant leaf traits of Poncirustrifoliata in test tube.

The gene coffering hygromywin resistance has been transferred into Page Tangelo cell line under the mediation
of PEG orlipoplast. The chromosomal integration has been confirmed by Southem bloting analysis of regenerated
plants.  This cell lines being used as fusion parent in order to establish fusion systems with selection markers.

Perennial comparison of the teaf shape of somatic hybnd plants has shown that it is genetically stable. The
genelic stability is more pronounced in leal shape index (Length X width). The obvious difference in growth
vigor has also been observed among somatic hybrids.  We found that the inter-genus hybrids are more vigorous
than diploids. In addition, we found that the juvenility of interspecific hybrids is relatively langer than normal
varieties.  Two 3.5 years old interspecific hybrids has reached flowering stage.

We have oblained several dozens of triploid plants from 6 hybridization combinations by using somatic
hybrids as paternal plants and Chinese indigenous Citrus grandees varieties through culture rescue.  They will be
used as bridges in developing seedless Citrus grandis. A huge collection of somatic hybrids obtained in our study
are undergoing cloning and stock testing.  Preliminary results indicate that somatic hybiids have high potential for
stocks due to their high performance in root fonnation and numercus rootlets.

Coatton Cell Engineering

In preliminary seresning of 70 Gossypium hirsutum varietiesfor callus inducement has been completed.  We
have identified a few varieties suitable for callus inducement. We have optimized the combinations and

concentrations of hormones. [t was found that 0.2 uM 24 D and 0.5 uM TK are the most effective condition in
inducing callus.  The embryoids have been observed in a few varieties.

In order to conduct transfonmation in cotton, we have determined optimum for selective antibiotics markers.
No negative effect to callus fonmation was observed for cephalothin at concentraticn of 500-1000mg/L. [t has also
been found that kanamycin can be used in selecting NPT IT geae at the concentration of 50-80mg/l. The
establishment of stem tip cultivation approach will provide the basis {or particle bombardment.  In addition, ovule
microinjection of plasmid has produced a few hundred seeds which will undergo identification in1996.

We have characterized Verticilium wilt resistance for 10 somatic clones in disease happening place, and found

that tie clones have been improved in resistance to different degrees in companison with parents. We will
1dentily R, seeds for resistance in both taboratory and field.
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Callus has been obiained from protoplast by using an approach optimized according to the observation of
indicalors used in the isolation and cultivation of cotton protopiast.

Selection of Gobbler zeae Resistant Somatic Mutants in Wheat.

A few somatic cell mutants have been sorted outl in the tissue cultivation of wheat and sarvived the intensive
identification and genatic analysis.

Tomato Genetic Transformation

Recembinont Ti plasmid carrying tomato EFE ¢DNA sequences has been constructed and been wransferred
inlo tomato cotyledon explants under the mediation of Agrobacterium.  The integration in host genome of ong
antisense EFE gene has been confirmed by Southem blotting analysis and genetic study of Kan resistance in the F

progenies of hybrids between trasformanis and nornal varieties.  Physiological and biochemical analyses, storage

porformance and qualitative character evaluations have been conducted for transgenic plants of difterent
generations.

We found that the EFE activity and ethylene synthesis of transgenic plants are lower than  that of controls
averagely, As extremes, two transgenic plants have only 9.5% EFE activity and 8.7% ethylene synthesis of control
during storage. At the peak stage of ethylene synthesis in wounded leave and fruits, the yield of ethylene is 4-3
times and 10-12 times lower than contol.  These results have clearly manifested that antisense EFE gene has
blocked the expression of endogenous EFE gene, and doesn's have elfect on pectinase synthesis in tornato fruit.

In addilion, we found that the transgenic tomato have longer maturing and color changing periods than parents
and control, and thus elongate the time for storage. For example, the storage time and good fruits rate for
transgencic plants can reach 88-92 days and 80% respectively, which is  8-10 times longer or higher than contral.

The uansgenic plants have similar quality as parents. For example, the protein, total acid, citric acid,
lycopene, soluble solid material contents and fruit hardness are kept the same as parents except Ve content which

is higher than parents. The quality of transgenic potato are stable during storage and their taste and commercial
characters are nonmal,

No obvious difference between transgenic plants and control are observed in botanical character including
growth behavior, plant shape, leaf shape, flowering time and harvesting time.  Two transgenic plants bear bigger
fruit than control, and rernains are similar to control in both fruit volume and yizld of single plant,

RESISTANCE STUDY AND CROP GENETIC IMPROVEMENT

Genetics of Rice Disease Resistance

The inheritance of resistance genes to bacterial blight in dindigencus rice from Yunnan province and their
alletic refationship with known resistance genes have been studied. 'We have found that these 4 rice vaneties
contain 4 genetically different dominant genes. The geae carried by Ganzagu is allelic with Xa-3 or the same.
The other 3 varieties camy new resistance genes which are not the alleles of any known resistance genes.

The resistance gene carried by Zhachanglong has been located on eleventh RFLP linkage group of rice by
butked segregation anatysis of extremes. We found that 7 probes inciuding R543 link with resistance gene.  The
genc's position on chromosome is different from all known genes which proves that it is new. Genetics in Colton
disease Resistance The resistance of Gossypium hirsutum to Fusarium wilt strain7# is controlled by a pair of
incompletely dominant genes which has more that 90% general and specific inheritance ability.  Theree al least
two resistant genes in resistant varieties available today, which are not linked to 13 morphological marker
characters.  Genetics OF Rapeseed Resistance  Aluminuin saline resistant plants, and aluminumn saline and
sodium saline resistant seeds have been oblained by incorporating saline ions in the pollination. The concrete
approaches include pollinating the stigma with aluminum or sodium saline treated pollen, and pollinating the
saline ions containing agar coated stigma.

HETEROSIS AND CROP GENETIC IMPROVEMENT

Rapeseed Heterosis
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Under several year's effoct, a current selection Mipopulation has been developad for Polima CMS restoning
gene by using dominant nuclear sterile vanieties.  We found that the sterility of 4 nuclear sterile line pairs, S43AB
{ released by Shichuan University), 248AB { Changde Breeding Institute), 117AB (Guizhou Gil Crop Institute) and
00.5-144! (Huazhong Agri. Univ.) is controlled by two pair of recessive overlapping genes. These 4 line pairs
belong to one sterile type because the sterile geaes are allelic each other.  The Rapeseed cytoplasmic male stenle
gennplasm has been enriched by the addition of newly developed 8. napus male sterile ling, 7N223, which
contains low temperature stable, B. juncea criginated cytoplasm.  We have completed the genctic study for
seedling indicating characters. Red leaf, red stem and smooth leaf are dorinant to green leaf, green stem and
normal feaf respectively and are controlled by one gene each. Nicked leaf is alletic with round leaf and is
controlled by one incomplete dominant gene.  Simitarly, skin-like leaf and yeltow szedling are determined by two
recessive overlapping genes and one recessive gene respectively.  No linkage relationship was found between
these indicators and recessive sterite genes.  In addition, a set of self incompatibility lines with tow erucic acid
and plucosinelate content have been developed in cooperation with SW company of Sweden.  Cotton Heterosis
In order to transform cotton, we have screened the genetic materials including nuclear sterile lines f{or their
regeneralion etTiciency and tolerance to antibioties.  We found that plants cannot be regenerated from stenle lines.
For overcoming this limitation, we have tried the pollen tube coaducted transfonmation and ovule microinjection
approaches. A few hundred seeds have been obtained for GUS reporter gene and herbicide resistance gene in July
and August of 1995, We will trace the expression of foreign genes in future and those plants with resistance will
be used to determine the linkage relationship belween resistance genes and sterile genes.  In addition, we have
also carricd out the stem lip cuitivation in order to delete plant regeneration step in cotton transformatien by using
particte bombardment lechnique.  In order to explore the genetic basis of cotton heterosis, we have optimized the
method for DNA extraction and introduced the RAPD technique into colton genetic researches. We have
sereened RAPD polymorphism for 14 hybrid parents.

Rice Heterosis

Japonica type photo-period male sterile line of rice, 29130Shas passed the acceptance examination of Hubet
Scicnce and Technology Comuniltee on Aug. 22, 1995, This line has a 50 day sterile period, 99.84% pollen sterile
degree, and 99.99% bagged sterile degree. It can reach 99.51% pollen sterile degree, 0.06%seed setting rate in
the incubator below 24°C temperature. 291308 has 40.05% seeds setting rate and 233.57 kg/mu yield potential
when lately planted in natural condition. These parameters manifest that it meets all practical criteria for hybrid
seeds production. In addition, 291308 has relatively earhier maturing date than other stecile lines, and thus is
belter for hybrid sceds production.  The planting date for seeds setting in sterile period is 20 day's earlier than late

maturing japonica type sterile line, 50883, 313018 and 76018, thus it should be recognized as medium matusing
japonica type sterile rice. '

The development of medium maturing japonica type sterile line with relatively short growing period has
solved a long time suspending problem, unmatching growing periods of patemal and matemal parents, in hybrid
sceds production using two-ling systems. Theorctically, this result has also demonstrated that photoperiod
sensitive nuclear male sterile genes of Nongken 38Scan be expressed in medium maturing japonica genetic
vackground which is different from Nongken 58S in both light, temperature and ecological conditions. The
Rowering character of 291308 has also been improved in comparison with japonica type sterile lines. It is the

common opinion of the members of acceplance ¢xamination committee that the development of 291305 has
reached the nation wide advanced level.

Afer passing the acceptance examination in 1994, indica type photoperiod '(t'empe.'aturc) sensilive male
sterile line 3204S has been evatuated for its fertility switching light condition and combination advaniages. We
found that the sterile starting temperature for 3204S is lower than Nongken 58S and Peiai 64S in incubator
condition. Mts natural seeds seiting rate is 2.12%which is higher than Peiai 64S in short light and at 28°C
{1994observation). s nonmal pollen rate and bagged seeds sefting rate can reach 46.29% +/- 2407 and 27.47 +/-
14.69 al 27°C (19950bservation). These observations indicate that 32048 can effectively swilch its fertility at
temperature range of 24-27°C.  The hybrid between 32048 and Teshanai 2# matures 8 day's eartier than Shanyou
63 and increases 3.08% yield when planted as medium maturing rice. It matures 2-3 days earlier than Shanyou 64
and increases 10.43% yield when planted as late maturing rice.

NEW GERMPLASM DEVELOPMENT AND CROP GENETIC IMPROVEMENT
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Rew Rapeseed Germplasm

We have developed three high oil content varieties in a 5-year period from 1991-1993.  The oil content can
reach 51% which is 14% higher than normal varieties. By taking the artificial synthesis of inter-genus hybnd of B.
napus and Orychophrag musviolaceus as working basis, we have conducted the cytogenetic analysis for this hybad
and the proganies devived from i, AL the anaphase | of meiosis, this hybrid has 22428, 25+25 and 19+31division
patlerns which means that it con produce 3 kind of gametes containing 19, 22, 25, 28 and 31 chromosemes
scparately. These observations indicate that the hybnid can denive diverse progenies, We found that the
introduction of chromosome 6 of Q. viofaceus can [ead 1o the fonmation of an stable new species which is evideat
by the isolation of a plant containing 44 chromosomes (2n=14, AACCDG6). We are trying to intreduce the

chromosomes of O. violaceus into vorieties used in current oilseed production n order to develop new ropesecd
Crops.

Inter-genus hybrid between B. napus and Q. violaceus

The hybrids have been obtained from 6 hybridization combinations. 1t has been observed that the phenotype
of hybnid including fertility is between parents, and can set ¢nough seeds for our study. ‘The cytogenetic analysis
is being conducted at present for these hybnds.

Inter-genus hybrid between B. napus and Moricandia arvensis

M. arvensis is C,-C, plant.  [Uhas a very low CO, compensation point and high tolerance to early planting.

4 hybrids have been obtained by the sexual hybridization between B. napus and M. arvensis, ovule culture and
embryo rescue.  Hybrid plants are simifar te 8. napus in pholosynthesis efficiency. We are conducting the
chromosome doubling and backcrossing to genus Brassica al present.

Exploration of Genetic Basis and Application Approaches of Multipod Rapesced

The genes controlling the multipod characters have been effectively recombinated by inter-variztal or intec-
specific hybridization, We have obtained 10 lines with 100% multiped plants and 50% multipod rate.  We have
also developed a basic multiped breeding population with high yield potential, good quality and high disease
resistance by using doninant nuclear male sterility of B. napus. The genelic basis of multiped character of
multiped B, sapus has been explored.  We found that tus trait is controlled by 3-4 pairs of gene.  Preliminary
study has been done for these gene's parental origin.

Development of New Germplasm By Mutation

High palmitic acid, dwarl and male sterile mutants have been obtained from r-ray treated seeds and EMS
treated microspore or embryos which will provide new germplasms for breeding.  We are carrying out the genetic
studies and exploring the application approaches (or these mutants.

QUALITY CHARACTER AND CROP GENETIC IMPROVE-MENT

Genetic Basis for Maize Starch Quality

The improved inbreed lines of the fourth generation have been obtained through centinuous backcrossing by
using imported non-current parents containing a2, du and su? genes and 10 excellent indigencus maize lines
including HZ32 as cumrent parents. We have done the DSC analysis for the closely refated wild maize, teosinte
and coix. [t was found (hat the gelatinization temperature of teosinte is 75.2 ‘C which is obviously lower than
normal maize varietics. [n addition, we have also found that two coiX vareties have lower gelatinization
temperature of 76.7 °C and 78.6 C respectively and lower inner etherpy than normal maize.

Two Fy populations derived irom the hybrids, HZ100 +/+ X Mol 7su2/su2 and 7922 +/4+ X Mo17 dw/du, have

been surveyed for RFLP polj(morphisfns by using 6 probes and 4 restriction endonucleases.  We found that three
probe enzyme combirations, UMC2 1I/EcoRI, UMC46/HindlHl and UMC635/EcoRl, can detect polymorphism in
su2conlining mapping population.  The probes, UMC21 and UMC63, are linked to su2 at distances of 17.49 cM

and 18 ¢M respectively, csul03 was determined to be linked to du gene at a distance of 6.55 ¢M in du containing
population,

it was {ound that one arbitrary primer can amplify polymorphic band patterns between du geue bearing plants
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and plants containing nonmal gene by screening about 200 primers in RAPD analysis.
OPTIMIZATION OF BREEDING METHODS AND CROP GENETIC IMPROVEMENT
Mecthod Optimization in Rapesecd Breeding

Mulliple-traits gene pools with high yield potentials and rich geneatic variations have been developed in B.
nopus by using dominant nueclear male sterile genes.  In companson of lines derived {rom three Ume recurred
basic populations, we found that the yield of resulting lines of recurrent sclection are obviously higher than lines
from pedigtee approach.  In contrast to thepedigree approach, the excellent lines with higher yield than control,
Zhengyou 821, have been isolated from two-time recurred 81 families.  These results indicate that we can realize
integrated optimization {or good quality, high yield and multiple resistance, and effectively improve the negative
linkage between good quality and high yield by recwment selection. In order 1o accelerale the population
iprovement and increase breeding efficiency, we have produced a bateh of doubled haploid lines twough
microspoce cellivation.  We are delermining the genetic diversity for these lines now.

The testing for Sclerotinia sclerotiorum resistance for 150 Stfamities and 130 halfsib families has shown that
the infection degree is dilferent between difterent genotypes. We found that the orlentated selection for S.

sclerotiorum resistance{tolerance) can increase population's resistance lavel,  The effectiveness has been evident
by the two time recurred selection in half-sib families.

Development of Maize Breeding Methods

We have identificd 37 indipeaous varieties of maize which are excellent in overall phenotype fom a
germplasm collection of 1000 matze landraces from southwest part of China,  The quantitative characters of these
selected lines have been compared with imperted lines including BSSS and Lancaster by NCII design. At the
same time, the genetic diversily ol the parental lines has been determined by isozyme analysis. We found that 14
indigenous varieties including Lanhuazao and Wuxi hold the best psomise fer breeding due to their high GCA
¢ffects and SCA eflects with imported lines like BSSS and Lancaster.

4 recurvent selection populations, WBM, LBM, LLS and LBM, have been constructed by incorporating
germiplasm with Amecican and tropicat origins.  The genetic variation and CA effects of these 4 basic populations,
& imported populations including BSSS and Lancaster and & testers are evaluated by NC 1T design and isozyme
analysis. Field examination is condueted at Wuchang in Hubei provinee and Anyang in Helan province.

Al the same time, we have completed the first pollea mixture for 28 excellent plants soried from 120 single
plants of WBM population accerding to the yield performance of their backeross lines to Mol7.  The genetic gain
of recurrent selection of WBW, WBM and C1 population has been determined by RAPD and RFLP analysis.

Application of Result

The first low erucic acid content, three-line system produced hybrid B.  nopus Huazalyou) 2# has
accumulated its planting area to 4.6 millien mu at the end of 1994 autumn harvest, It has been planted 2.0 million
mu in autamn of 1995, The low erucic acid and glocosinolate content, three line system produced B.  napus
hybrid, Huaza(you) 34, has a autumn harvest area of 0.8 million mu in 1995, and was planted more than 6 million
mu in the same year. The erucic acid content of two hybnds are dramatically lower than norma)l varieties and
have about 10% yield increase incomparison with normal lines.  Huaza 34 is warmly welcome by peasant because
the byproducts of oil extraction from it are very good animal food. In addition, health related oleic acid and
linoleic acid contenls are increased 2-3 times in these two hybnids.

The yield of two new hybrids, Za6178 (175.35kg/inu} and Za5900(174.2kg/mu) kave gained the first and the
second positiens in the preliminary comparison of Hubei province at 9 testing sites. Their yields increase by
12.73% and 12.0% in comparison with Zhongyou 84, a double-high control.

Obvious yield increases has been observed for new maize variety, Huayou 34, in the demonsirating planting at
Zigui, Zhongxiang and Manzhang. - According to the acceptance examination data from Zigui county, the yield of
Huayou 3# increase by 18.2%in comparison with indigenous Yidan 24, Maize new combination8513 has gained
the first position in the comparison of Hubei this year ammanged according to the present available data.  Its yield
increases by 12-25% in companson with conirol.  This year, we have completed the first recurrent selection for
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WEBM population.  We found that 22 oul of 130 side backcross lines give higher yield than control.

Newly devetoped, pest resistant Huamian 101 has been planted mere than 0.6 million mu in 1995,
Averagely, It increnses income per imu more than 40 Yuan which has shown 113 obvious economic, soaal and
ecological eftzcts.

Japonica type two line hybrd rice, Huajingza 1# has passed the acceptance examination ef Hubei Crop
Varicly Acceptance Examination Committee in 1995 and has been used in nce production.  Tts average yield s
480k g/mu which is 10% higher than traditional late wnaluring japonica rice.

1{uajingza 1# is one of the two applicd varieties produced by two-line system which passed the acceptance
sxamination earliest since the initiation of photoperiod sensitive male nuclear sterility of rice. [t is also the one of
S two-line hybrid combinations passed the acceptance examination at province or higher fevels.  Iis development
marked the breakihrough in the application of rice photoperied sensitive male stenlity and rice heterosis through
twe-line appreach.
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