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水稻基因组测序及注释分析

Han Bing

National Center for Gene Research, Chinese Academy of Sciences
Establishment of a Rice Mutant Library by T-DNA Insertion

Changyin Wu1, Wenya Yuan1, Guoxing Chen1, Xiangjun Li1, Dong Guo1, Jian Zhang1, Zhihui Chen1, Caishun Li1, Andrzej Kilian2, Juan Li1, Caiguo Xu1, Shiping Wang1 and Qifa Zhang1
1National Key Laboratory of Crop Genetic Improvement, National Center of Crop Molecular Breeding, Huazhong Agricultural University, Wuhan 430070, China；2Center for the Application of Molecular Biology to International Agriculture, GPO Box 3200, Canberra, ACT 2601 Australia

Rice (Oryza sativa L.) is an important crop worldwide and, with the availability of the draft sequence, a useful model for analyzing the genome structure of grasses. T-DNA tagging is one of the widely-used methods for generation of insertion mutants for gene functional analysis in plants. As a part of our rice functional genomics project, a powerful enhancer trap system carrying a GAL4/VP16 transactivator and a UAS-GUSPlus reporter cassette was employed in a high efficiency Agrobacterium-mediated rice transformation system to generate a library. We have currently obtained more than 35,000 independent transgenic plants. The transformants carried on average 2.0 copies of the T-DNA and 42% of the transformants had single copy insertion in this mutant library. GUS assay of different organs revealed various patterns of the reporter gene expression. Continued screening for GUS activity in leaves, roots and flowers of T1 families confirmed the stable transmission of expression patterns from the T0 to T1 generation, indicating that UAS in rice was not as sensitive to methylation as in tobacco and Arabidopsis. The system GAL4/VP16-UAS-GUSPlus will provide for the first time a powerful tool for the targeted expression of transgenes in an important monocotyledonous crop. The plasmid rescue and Tail-PCR strategies were used to isolate the T-DNA flanking sequence. Analysis of those sequences from about 1400 transformants showed that almost all the sequences had homology with the sequence in the rice genome databases. We are carrying out phenotypic screening of more than 7000 T1 families to identify mutants generated by T-DNA insertion and have obtained some conspicuous morphological mutations. The testing of T-DNA co-segregated with mutant phenotype and isolation the corresponding gene are under way.

This work was supported by a grant from the National Program on High Technology Development of China, and a grant from the National Special Key Project on Functional Genomics and Biochip of China.

Recent Progress of the Rice Functional Genomics Program in China

Yongbiao Xue

Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, Beijing 100101, China

High throughput isolation and characterization of regulatory genes involved in defense and stress responses in rice
Lizhong Xiong1 and Yinong Yang2
1 National Key Laboratory of Crop Genetic Improvement, Huazhong Agricultural University, Wuhan 430070 China; 2 Department of Plant Pathology, University of Arkansas, AR 72701, USA

Abstract  Identification of regulatory genes or signaling components in defense and stress responses is one of most critical steps leading to elucidation of plant defense and stress tolerance mechanism. To this end, a composite suppression subtractive hybridization (CSSH) strategy combined with inhibition of protein synthesis was used to isolate putative regulatory genes or immediate early (IE) genes in defense and stress responses in rice. Compared to traditional differential screening or cDNA microarray technologies, this method allowed us to isolate large number of new regulatory genes or IE genes related to defense and stress responses. A modified CSSH protocol combined with double strand RNA interference technique was developed to characterize these regulatory genes in a high throughput mean. Large overlapping was found for these regulatory genes for their functions in various disease resistance and abiotic stress responses as well as in multiple developmental processes, which was exemplified by functionally characterization of a mitogen-activated protein kinase (OsMAPK5) and a somatic embryogenesis receptor-like kinase (OsSERK1). 
Soybean Transcription Factors Responsive to Stresses 

Jian Huang1, AiGuo Tian1, XuePing Li2, JingSong Zhang1 and Shou-yi Chen1
1Plant Biotechnology Laboratory, Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, Beijing 100101, PR China； 2China Agricultural University
Transcription factors play roles in multiple aspects of plant growth, development and stress responses. Compared with approximate 20% functional genes responsive to stresses, how about transcription factors? In the present research, we cloned three DREB family genes in Soybean and found that two of three DREB genes were induced under drought and high-salinity stresses. We also studied the expression profiles of WRKY gene family in response to various stresses in Soybean. Search of the Soybean ESTs resulted in identification of  ≈130 genes encoding proteins characteristic of WRKY DNA-binding transcription factors. We investigated the expression patterns of 60 Soybean WRKY genes with SA, cold, drought and high-salinity treatments using RT-PCR and found that 58%, 57%, 52%, 47% WRKY genes were induced or repressed under four stresses, respectively. Among the 60 WRKY genes, 7 showed little or no change and 4 were induced in all the four treatments. The expression patterns of genes in response to SA treatment were quite different that up to 40% genes were repressed, whereas only one 25% genes were repressed during cold stress and less than 2% genes were down-regulated under drought and high-salinity condition. Eleven SA-induced genes can be categorized into two groups. In one group containing 6 genes, the expression of 6 genes peaked at 0.5h or 1h and then decreased gradually. In another group, the 5 genes were induced slowly and gradually within 12h. The expression of 31 genes and 29 genes increased gradually under drought and high-salinity stresses respectively, indicating a strong correlation between the expression of WRKY genes and abiotic stress responses. In addition, sixty-seven per of the drought-inducible genes were also induced by high-salinity stress, suggesting a strong cross-talk between drought and high-salinity stress signaling processes. Among the 34 cold-responsive genes, 19 genes were induced and 15 genes were repressed. Nine genes were induced by cold, drought and high-salinity stresses. Nine cold-repressed genes were also repressed by SA treatment. These results demonstrate that the WRKY gene family involves in multiple stress responses of plants.

BRITTLE CULM 1, Which Encoding a COBRA-like Protein, Affects the Mechanical Properties of Rice Plants 

Yihua Zhou, Yunhai Li, Qian Qianb, Mingsheng Chen and Jiayang Lia
aInstitute of Genetics and Developmental Biology, Chinese Academy of Sciences, Beijing 100101, China；bChina National Rice Research Institute, Chinese Academy of Agricultural Sciences, Hangzhou 310006, China

Plant mechanical strength is an important agronomic trait. Many studies already indicated that the genes involved in the biosynthesis and/or modifications of cell walls, especially secondary walls, are essential for the plant mechanical strength and the molecular mechanisms that determine the plant mechanical strength are complex. To understand the molecular mechanism that controls the plant mechanical strength of crops, we characterized the classical rice mutant brittle culm 1 (bc1) and isolated BC1 through a map-based cloning approach. BC1, encoding a COBRA-like protein, is mainly expressed in the developing cells of sclerenchyma cells and vascular bundles of rice. Genomic analysis further identified 9 BC1-like (BC1L) genes and one pseudogene BC1p in the rice genome, indicating that BC1 belongs to a multimember gene family, the COBRA gene family. Physical, histochemical and chemical analyses revealed that mutations in BC1 cause the mechanical tissues not only a reduction in cell wall thickness and cellulose content, but also an increase in lignin level, suggesting that BC1, a gene that functions in regulating the biosynthesis of secondary cell walls which provide the main mechanical strength for rice plants, and plays an important role in the biosynthesis of the cell walls of mechanical tissues. 

This work was supported by grants from the State High-Tech Program (2001AA222021), State Key Basic Research Program of China (G19990116 and G19990160) and National Natural Science Foundation of China.

The Establishment and Optimisation of the Agrobacterium- mediated VIGS Transient Expression System for Studying rbcS Gene Function in Nicotiana Benthamiana

Xingzhi Wang1 , Xiaofu Zhou1,2
1Northeast Normal University, Changchun, China 130024；2Institute of Gene Engineering, Jilin Normal University, Siping, China 136000

Virus-induced post-transcriptional gene silencing (VIGS) is a type of RNA silencing that is initiated by virus vectors carrying homologous fragment of host genes. Virus-induced gene silencing (VIGS) is considered as a potential system to study gene function.
The system of virus-induced post-transcriptional gene silencing for studying gene function has been established and optimised. The function of Ribulose－1，5－bisphosphate carboxylase/oxylase small subunit (rbcS) gene has been investigated in detail. The following experiments have been carried out: 1. The endogenous Ribulose Bisphosphate Carboxylase small subunit (rbcS) gene was silenced with virus vector in Nicotiana benthamiana. 2. A high performance liquid chromatography (HPLC) system was employed to quantify the photosynthetic pigments between rbcS gene silenced plants and the control plants focused on chlorophyll a, chlorophyll b, lutein, and α–carotene. In rbcS silencing plants, the total chlorophyll and carotenoid contents were lower than in the control plants. The pigment reduction in the rbcS silencing plants did not seem to have an appreciable influence in Chla to Chlb ratios. This suggested that there was not a significant change in the organization of the light-harvesting antenna of photosystem II in the rbcS silencing plants. 3. In order to study how the changes of rbcS gene silenced plants in photosynthetic mechanism, the photosynthesis system (LI-COR LI-6400P) was used to measure some photosynthetic parameters in rbcS gene silenced plants, including photosynthesis rate (Pn), transpiration rate (Tr), intercellular CO2 concentration (Ci), stomatal conductance (Gs) with the efficiency of PAR intensity enhanced from 0 umol/m2s to 2000 umol/m2s and CO2 concentration increased from 0 umol/mol to 2000 umol/mol. The results showed that the reduction in rbcS reduced the capacity for CO2 fixation in these rbcS gene silenced plants.4.The rbcS and rbcL expression level in rbcS gene silenced plants were markedly decreased. 5. The ultrastructural changes of plastid were not observed in rbcS silenced plants. 6. Probability analysis of the virus vector system as a technique to study rbcS gene function indicated that it was feasible and efficient.

Cloning of the APRT Gene from Rice and Analysis of Its Association with TGMS

Li J1, Liang C Y1, Yang J L1, Xing Q H1, Yang D E1, Deng Q Y1, 2, Weng M L1, Wang B1*
1Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, Beijing 100101, China; 2Hunan Hybrid Rice Research Center, Changsha 410125, China
* Corresponding author, E-mail address: bwang@genetics.ac.cn

Adenine phosphoribosyltransferase (APRT) is the major enzyme that converts adenine into adenosine-3¢-phosphate (AMP). APRT-deficient mutant caused by APRT gene mutation results in the male sterility in Arabidopsis thaliana. In order to confirm the existence of rice APRT gene and to investigate its association with thermosensitive genic male sterile (TGMS) phenotype of rice, a APRT gene was identified from the basic local alignment search tool (BLAST) search of the rice genome database using APRT gene sequences from other plant species as probes. Further, the gene was cloned from rice and named APRT (GenBank accession number AY238894) using the combination of bioinformatic and experimental approaches. The rice APRT gene was located in the 56 000 bp to 63 000 bp region of a rice bacterial artificial chromosome (BAC) clone (AL606604) on chromosome 4 and was deduced by software from the positive DNA clone. Its cDNA was amplified by reverse transcriptase-polymerase chain reaction (RT-PCR) using primers designed according to the sequence of the putative gene. The full-length cDNA was obtained by rapid amplification of cDNA ends (RACE) procedure and was sequenced. Open reading frame (ORF) analysis indicated that the rice APRT gene encodes a peptide of 212 amino acid residues, including 7 exons and 6 introns. Using reverse position specific BLAST (RPS-BLAST), the APRT domain was identified in the polypeptide. The homology comparison demonstrated that the polypeptide exhibits 54.9%, 54.9%, 49.6% and 59.5% identity with that from Hordeum vulgare, Ttriticum asetivum, and Arabidopsis thaliana (APRT types 1 and 2), respectively. Comparing the sequence of APRT gene from TGMS mutant lines “Annong S-1” (Oryza sativa. Indica) with that from its corresponding wild type “Annong F” (Oryza sativa. Indica), we found that there are five single nucleotid polymorphism (SNP) sites in the gene of “AnnongS-1”, which locate mainly in the second intron. However, the result of cDNA sequencing showed that these SNP sites do not damage the successful splicing of Intron 2. Qualitative RT-PCR and Northern blot indicated that the gene transcription in the “Annong S-1” young panicles that were verified to be the thermo-sensitive organ at the early stage of pollen fertility alternation is down-regulated by high temperature stress (28 ℃), which is the critical temperature causing “Annong S-1” fertility conversion. These results revealed that the change of expression pattern of APRT in young panicles of “Annong S-1” in high temperature conditions is perhaps related to the TGMS of “Annong S-1”.
This work was supported by High-Tech Research and Development Project of China (No. 2002AA2Z1001) and The State Key Basic Theoretical Research and Development 

Identification of a Rice Dwarf Mutant and Cloning of the Putative Dwarf Gene

Hualin Zhou *, Sijie He*, Jinsong Zhang, Chengcai Chu, Shouyi Chen 

Plant Biotechnology Lab, Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, Beijing 100101, China  *Contributed equally to this work 

A dwarf mutant Osdwa was isolated from T-DNA tagged rice lines. The F2 generation of Osdwa shows segregation in 3(normal rice):1(dwarf rice)ratio, which suggests that Osdwa phenotype is controlled by a single recessive nuclear locus. A candidate gene OsCel1 was cloned from the Osdwa by Tail-PCR. The T-DNA is inserted 690bp downstream of the ATG initiation codon of OsCel1. The full-length of OsCel1 was obtained by 5’-RACE and 3’-RACE. OsCel1 encodes a putative membrane-bound endo-1,4-β-D-glucanase of 619 residues. OsCel1 contains eight potential N-glucosylation sites and is similar to EGases of others plants. The amino acid sequence of OsCel1 is 76% identical to tomato Cel3 and 75% identical to arabdopsis KOR, which is identified by an extreme dwarf mutant. The endoglucanase has previously been linked to cell expansion through study of the weak kor-1 allele and more recently it has been linked to cytokinesis through the study the stronger kor-2 allele, however there is no record about rice. The full-length of OsCel1 was cloned into a binary vector pCA35SNOS, which contains the 35S promoter and NOS terminater. Invert 500bp repeats of OsCel1 were cloned into RNAi vector pZHO1. The complementation of the mutant phenotype by introduction of the OsCel1 and antisense study are underway. These results should reveal the functions of OsCel1 in growth and development process of rice.

A 2.5 kb Deletion Made the Changes of Pepper Fruits from Spicy to Sweet

Kede Liu1,2, Charles Stewart2, Michael Mazourek2, Ilan Paran3, Molly Jahn2
1Nationa Key Laboratory of Crop Genetic Improvement, Huazhong Agriculture University, Wuhan 430070, China; 2Dept of Plant Breeding, Cornell University, Ithaca, NY 14850, USA; 3Dept of Plant Genetics and Breeding, The Volcani Center, PO Box6, Bet Dagan 50250, Israel.
The hot or spicy taste of pepper fruit is specific to the Capsicum genus and is due to the presence of pungent capsaicinoids that accumulate in vesicles on the epidermis of chilli placenta. Capsaicinoids are synthesized by the condensation of vanillylamine with a short-chain branched-chain fatty acid. Early genetic analysis demonstrated that a single dominant gene, C, controls the pungency in fruit. Plants that are homozygous recessive for c fail to develop pungency in the fruit regardless of their genotypes at other loci. This fact leads to the suggestion that C functions as a master on-off switch in capsaicinoid biosynthesis pathway. Molecular mapping had located C to pepper chromosome 2 in a cross between a pungent Capsicum frutescens wild accession and a non-pungent C. annuum bell pepper. The usual map-based cloning strategy is not feasible for the Capsicum genus, partly because the genomes are too large and partly because the genetic analysis is not intensive and genetic resources such as mutants, molecular markers are too limited. A partial cDNA clone, AT3, identified from a placental-specific SSH cDNA library showed cosegregation with the pungency phenotypes in the above mentioned F2 population and had been considered as one of most possible candidate genes for the C gene. The full-length cDNA of AT3 was 1,564 bp, including an open reading frame of 1323 bp and 5’ UTR of 43 bp and 3’ UTR of 198 bp. Southern blot analysis using 30 pungent and non-pungent varieties from different Capsicum species detected a deletion in all non-pungent varieties. Northern blot analysis using total RNA from pungent variety indicated that AT3 mRNA transcripts were only detected in pepper fruit, but not in leaves, shoots, flower buds and flowers. The transcripts of AT3 mRNA commence to accumulate in fruits at 10 days postanthesis (dpa) and reach the peak at 20 dpa, then decrease gradually as the fruit development processes. The expression of AT3 mRNA was only restricted in the placenta, which had been proposed to be the tissue where the capsaicinoids are synthesized. This expression pattern coincides with the accumulation of capsaicinoids in pepper fruit development. Comparisons of the expression patterns between pungent and non-pungent varieties through fruit development showed that AT gene is not expressed in the non-pungent variety. Northern blot survey with developing pepper fruit placental tissues from different pungent and non-pungent varieties demonstrated that mRNA transcripts of AT3 gene were only detected in pungent varieties.  Genomic sequences were obtained from both pungent and non-pungent varieties and compared and found that a 2.5 kb fragment of the AT3 gene was deleted in the non-pungent variety. The deletion removed the whole promoter region and most of the exon 1 sequence. Gene-specific co-dominant primers have been developed for molecular maker-assisted selection in the pepper breeding programs. Genetic complementation of the non-pungent genotype with the pungent AT3 gene is under going. 

Cloning and Functional Analysis of Submergence-induced Maize (Zea Mays L.) Hemoglobin Gene

Gao Peng, Wang Guo-Ying*, Wang Mao-Yan

State Key Laboratory for Agrobiotechnology, China Agricultural University, Beijing, 100094 *Corresponding author, Tel: +86 (0) 10 62892577; E-mail: gywang@cau.edu.cn

Hemoglobin is an important oxygen binding protein, occurring in most living organisms. Hbs were described originally in animals, and in vertebrates they have been shown to facilitate the transport of oxygen in blood. However, the cellular functions of most plant Hbs are unknown. In previous work, combining SSH (suppression subtractive hybridization) and differential screening, we obtained a submergence-induced EST（298bp）which had 87% identities to a maize hemoglobin gene in GenBank. This paper reports the cloning and function analysis of the submergence-induced maize hemoglobin gene.
Based on the submergence-induced EST sequence of ESI341, two gene-specific primers were designed and used for 5/ rapid amplification of cDNA ends (RACE) procedure. After two rounds of PCR, a 700 bp cDNA fragment named as ZMhb was obtained and cloned. Northern analysis indicated that ZMhb was specifically induced by submergence and differentially expressed with different submergence time. Southern analysis demonstrated that ZMhb existed as a single or low-copy gene in maize genome. Sequence analysis revealed that the full-length of ZMhb was consisted of 728bp and contained a complete open reading frame encoding a polypeptide of 165 amino acids. Sequence BLAST indicated that ZMhb has 92% identities in nucleic acid level and 99% identities in amino acid level to a reported maize hemoglobin gene. However, the function of this gene has not been reported.

In order to investigate the role of ZMhb in the responses of maize to submergence, three vectors, which carried respectively the sense, antisense and RNA interference constructs of ZMhb, were constructed and used for leaf-disc transformation of tobacco mediated by Agrobacterium tumefaciens. Southern analysis of transgenic plants indicated that ZMhb has integrated into the genome of tobacco. Northern analysis showed that ZMhb has expressed in transgenic tobacco and RNA interference constructs has interfered the expression of tobacco internal hemoglobin gene. Tolerance test of transgenic tobacco to submergence showed that tobacco plants transformed with sense ZMhb were more tolerant to submergence than control. However, tobacco transformed with antisense and RNA interference vector of ZMhb almost lost the torlerance to submergence. These preliminary results indicated that ZMhb may play a very important role in submergence tolerance of maize. 

Molecular Mechanisms for the Cytoplasmic Male Sterility and Fertility Restoration in Rice 

Zhonghua Wang, Yangjiao Zuo, Dihua Su, Qunyu Zhang, Hao Wu, Letian Chen, and Yaoguang Liu

Laboratory of Genetic Engineering, College of Life Science, South China Agricultural University, Guangzhou 510642, China (ygliu@scau.edu.cn)

Cytoplasmic male sterility (CMS) is a widespread phenomenon in higher plants. CMS is maternally inherited, and usually can be restored by specific nuclear fertility restorer (Rf) genes. CMS/Rf systems serve as useful genetic tool in utilizing hybrid heterosis in crops as well as important models for the study of nuclei-mitochondria interaction in plants. Utilizing these characteristics, CMS/Rf systems have been extensively used for commercial hybrid seed production of crops. In China, more than half of rice production has been based on CMS-derived hybrid varieties since late of 1970’s, and substantial increase of rice yield has been achieved. In rice several types of CMS according their cytoplasm origins have been found, including CMS-BT or called ms-bo, CMS-WA (wild abortive), and CMS-HL (Honglian). CMS-BT is originally derived from the cytoplasm of an indica rice variety Chinsurash Boro II. The male fertility of CMS-BT rice is restored by a single dominant nuclear gene Rf1 located on chromosome 10. Despite considerable efforts have been made to study the genetics of this CMS/Rf system, the detailed molecular mechanisms for both the CMS characters and the fertility restoration remain unclear.

To understand the mechanisms for CMS and fertility restoration of the CMS-BT in rice, we cloned the rice Rf1 gene (OsRf1) by a positional cloning strategy. OsRf1 encodes an RNA-binding protein containing pentatricopeptide repeats. By sequencing analysis of a number of dominant and recessive alleles of the gene, a common amino-acid change in the protein was found between the allele groups, which is responsible for the functional differentiation for the fertility restoration between restorer and non-restorer lines. OsRF1 restores the fertility by specifically binding to and cleaving a chimeric apt6-orf79 transcript in mitochondria. It was found that the expression of orf79 is lathel to E.coli cells, demonstrating that Orf79 may expresses a toxic protein that cause the abnormal development of pollens. We proposed that the cleaving of the apt6-orf79 transcript by OSRF1 is necessary for blocking the translation of ORF79 and thus restore the male fertility.

The MYB Gene Family in Arabidopsis -- A Genome-Wide Analysis

Chen Yanhui, Yang Xiaoyuan, Li Jigang, Lin Zhiqiang, Gao Zhaofeng, Zhang Yunfei, Liu Meihua, Gu Hongya and Qu Li-Jia*

Peking-Yale Joint Center for Plant Molecular Genetics and Agro-Biotechnology, Peking University, Beijing 100871, China
MYB transcription factors play important roles in many developmental processes in plants, such as cell development and differentiation, flavonoid biosynthesis, and responses to phytohormones, wounding, pathogens and other stresses.  Analysis of the complete Arabidopsis genome sequence using bioinformatics tools reveals the presence of 244 genes encoding MYB proteins, of which about 90% are of unknown function.  We have analyzed the full extend of the MYB gene family in Arabidopsis, cloned and re-sequenced 200 gene members, found and named 17 new putative MYB members which are grouped into a new subgroup of the MYB genes, completed a preliminary analysis of the expression patterns of the 200 genes in different organs and that responsive to different phytohormones, stresses, and elicitors.  We provide here a complete overview of this gene family, describing gene structure, gene expression, genome localization, protein motif organization, and phylogenetic relationship of each member.  Based on the number and arrangement of the MYB repeats we have divided this transcription factor family into three major groups (named R2R3, 1R and R-R), each of which can be further subdivided into several subgroups according to the phylogenetic analysis. This study provides a solid base for functional genomics studies into this important transcription factor family, including the poorly characterized group of the R-R MYB proteins.  MYB genes also provide an excellent system to study the evolution of complex gene families in higher plants.

Construction of a Hexaploid wheat Bacterial Artificial Chromosome (BAC) Library and Identification of Clones Containing Reduced Height Gene Rht10 Candidates

Yue Liu, Xiuying Kong*, Jiajie Wu, Jianhui Xiao, Cuiyun Jin, Mingli Wang, Xu Liu, Jizeng Jia

Key laboratory of Crop Germplasm and Biotechnology，Ministry of Agriculture，Institute of Crop Germplasm Resources，Chinese Academy of Agricultural Sciences，Beijing 100081

*:Corresponding author

E-mail:xykong@mail.caas.net.cn  Fax:+8610-62186623 Tel: +8610-62186623
BAC pooling strategy is a very efficient and an economical way for map-based cloning of specific genes in large and complex genomes. This approach was used to clone genes from wheat in our lab. CS-Aibai, a near isogenic wheat line of Chinese Spring, is a valuable hexaploid wheat material that carries the dominant male sterility gene ms2 and a tightly linked dominant reduced height gene Rht10. In order to clone these two genes, a BAC library was constructed using the BAC pooling strategy. The library consists of 1,000,000 clones from three ligations with more than 90% recombinants and less than 3% empty clones. These clones were put into 399 pools, with pool sizes ranging from 1,000 to 6,000 BAC clones. Inserts of these clones ranged from 6kb to 312kb, with an average of 118kb. These clones represent approximately 6.5-fold haploid genome equivalents. Each BAC clone in the BAC pool could be amplified by culturing for 84 hr without losing the target clone and was suitable for PCR screening. The BAC library screening was performed with allele-specific PCR marker cosegregating with Rht10. Serial PCR screening and fingerprinting were used to identify three putative BAC clones containing Rht10 gene from the CS-Aibai BAC library; all three were placed in the same contig with tolerances 6 and cutoff 1e-15. These results agreed with the library’s predicted genome coverage since Rht10 and ms2 are both heterozygous in Ai-bai.

Construction of Maize Full-length cDNA Library and its Sequencing

Jia Jin-Ping, Lu Yu-Ping, Wang Guo-Ying*

State Key Lab of Agrobiotechnology, China Agricultural University, Beijing 100094, China

*Corresponding author, Tel: +86 (0) 10 62892577; E-mail: gywang@cau.edu.cn

Full-length cDNAs are essential not only for accurately annotating encoded genes in genomic sequences, but also for functional analysis of genes. Constructing a full-length cDNA library is an important approach for isolating full-length cDNAs. Although full-length cDNA libraries of mouse, Arabidopsis and cotton have been documented, there is little or no information on full-length cDNA libraries of maize.

In this paper, we reported our recent work on the construction of a full-length cDNA library, which was constructed using mRNA from roots of maize at normal growth conditions. At the moment, 8450 cDNA clones have been isolated from this library, which has been assessed by checking the titer, average size of the cDNA inserts, redundancy (by sequencing the 3’-end of inserts) and recovery of new genes. The titer of this library was 7.08 × 103 cfu/ml. Using direct PCR of the lysate of 290 clones and electrophoresis checking, the average size of inserts is 1.0-1.5 kb. Subsequently, to verify the recovery of novel cDNAs, large-scale sequencing of the library is the most indicative test. And 3264 3’ ends of sequence were sequenced. After using phred/phrap/consed software package，127 vector sequences were wiped out. 3137 3’ ends were clustered, producing 263 clusters/324 contigs and 1297 singtons. Based on a search for homology in the Genebank database using the BLASTx program, it is further detected that 265 sequences had no homology to known protein-coding genes, which producing 24.7% of new sequences by 3’-end reading when comparing against 1621 clusters, 650 sequences had already reported in the Genebank database and some of these sequences were found having sequence homology to known protein-coding genes for kinase like protein, heat shock factor-binding protein, actin depolymerizing factor, ribosomal protein, histone and so on. No sequences identical to 776 cDNAs clones were found in the database. The determination of the percentage of full-length cDNAs in this library is now in progress.

Development of a SSSL Library for Functional Genomics in Rice

Zhang Guiquan, Ding Xiaohua, Zeng Ruizhen, Zhang Zemin, Li Wentao, Liu Guanming, He Fenghua, Akshay Tulukdar, Huang Chaofeng, Xi Zhangying, Qin Lijun, Shi Junqiong, Zhu Wenyin, Yi Maosheng, Liu Fang, Zhao Fangming, Fing Mingji, Shan Zelin, Chen Lan, Guo Xiaoqin, Zhu Haitao, Jai Chand Rana

Plant Molecular Breeding Research Center, South China Agricultural University, Guangzhou 510642

Recent progress in rice genome analysis has made it possible to analyze naturally occurring allelic variation underlying complex traits by developing single segmental substitution lines (SSSLs). Compared with mutational approaches based on chemical, physical, and transposon mutagenesis, the use of naturally occurring allelic variations has several advantages. First, naturally occurring allelic variations may determine not only the presence or absence of allele function but also leaky or weakly functional alleles. This would be more informative for the analysis of an important gene. Second, phenotypic assays often require larger-scale field or greenhouse experiments and a long time period. Applications of these types of assays are limited to mutational approaches. In contrast, the use of SSSLs will be a very powerful strategy for analyzing yield performance, biotic and abiotic stress tolerance, eating and cooking qualities, and so on. 

To develop a SSSL library for functional genomics in rice, we selected Hua-jing-xian 74, an elite indica variety, as recipient and 24 varieties including indica and japonica types collected worldwide as donors. Microsatellite markers were used to select the substituted segments in backcrossing generations. Each SSSL carries only one segment from single donor. The lengths of the substituted segments in SSSLs would be about 20 centiMorgans on an average. The total length of substituted segments in the SSSL library consisting of 1,000 SSSLs would be about 20,000 cM, which is more than 10 times of rice genome. 

Until the end of 2002, a total of 333 SSSLs were developed from 20 donors. The total length of the substituted segments is about 6,500 cM, which is about 4 times of rice genome. One hundred and one SSSLs were used for identifying genes or QTLs controlling 24 traits of agronomic importance on the substituted segments. Four hundreds and eighty two genes or QTLs were identified on the 101 substituted segments. Five of the genes or QTLs were mapped by linkage analysis. These works prove that the SSSLs are a very powerful tool for identifying of genes or QTLs. 

By the end of 2003, more than 1,000 SSSLs will be developed from the 24 donors. The SSSL library will collect almost all of the genes or QTLs in rice genome. Using the SSSL library, most of the naturally occurring allelic variation at each locus on rice genome will be detected. The SSSL library will be used in the research of phenomics, genomics, transcriptomics, proteomics and metabolomics. More important benefit is that the SSSL library will integrate the research works of functional genomics in rice. 
Molecular Cloning and Expression of a Novel Glutamate Decarboxylase Gene in Rice

Liu linglong1, Zhai huqu2, Li qiang1, Zhao lin1, Wan jianmin1*

1National Key Laboratory for Crop Genetics and Germplasm Enhancement, Jiangsu Plant Gene Engineering Research Center，Nanjing Agricultural University, Nanjing 210095, China. 

*: corresponding author: e-mail: wanjm@mail.njau.edu.cn, Tel/ Fax: 025-4396516)

2Chinese Academy of Agricultural Sciences, Beijing 100081.

Rice is one of the most important crops in the world. With the improvement of people’s living standard, the requirement of new rice varities with health protection and curative effect are increasing. Meanwhile,γ-aminobytyric acid (GABA), a ubiquitous non-protein amino acid, is well known as an inhibitory neurotrasmitter in animals. Therefore, GABA and its derivates possess medical effects for alleviating human being’s hypertension. However, due to its relatively low content in rice seeds, many effects have been taken out to increase its content by genetic engineering.

Glutamate decarboxylase (GAD), which can catalyzes the irreversible decarboxylation of glutamate and further converses it to GABA, is the key enzyme in GABA synthesis. To obtain further information on the possible role of this enzyme in GABA synthesis and create new rice breeding materials/strains with high GABA content, we cloned a novel full-length cDNA, OsGAD3 (Genbank accession number: AY187941) by the combination of bioinformatics and RT-PCR approaches. Sequence analysis revealed that 492 amino acids sequence deduced from OsGAD3 showed 77% and 68% identity to those of OsGAD1 and OsGAD2, respectively. While, the putative polypeptide of   included two significant conserved motifs. One was a pyridoxal 5’-phosphate (PLP) binding domain in the middle region. At the carboxy terminus, existed a calmodulin (CaM) binding domain.

Using the PCR-based strategy, we further isolated and sequenced the corresponding genomic clone. Comparison between the sequences of the cDNA and genomic gene revealed that the OsGAD3 was composed of 5 exons and 4 introns with length from 86 to 652 bp. All sequence around exon-intron junctions resembled the consensus sequences found in monocot plants. For example, the typical GT/AG donor–acceptor sequences were strictly conserved at all the exon/intron junction sites of OsGAD3. 

Furthermore, quantitative RT-PCR was performed to study its expression pattern in different rice tissues with Actin 1 as the control. The OsGAD3 transcripts were detected in immature embryos, young spikes, matured embryos, stems and matured leaves of rice variety “Haiminori”, but no transcripts were detected in roots and seedlings. Among these, the expression level in immature embryos was the highest.

To further study the functions of OsGAD3, we also constructed two binary plasmids under the control of the cauliflower mosaicvirus (CaMV) 35S promoter, in which one included a modified OsGAD3 cDNA while truncated a functional autoinhibitory CaM- binding domain, another contained an insert of anti-sense orientation of a OsGAD3 cDNA fragment. The plant transformation and vitro expression in E. Coli of the OsGAD3 entire coding region are being on the way.

The Rice Xa26 Gene that Confers Whole-life-cycle Resistance to Bacterial Blight Disease Encodes a LRR Receptor Kinase-like Protein

Xinli Sun, Yinglong Cao, Zhifen Yang, Shiping Wang, Qifa Zhang

National Key Laboratory of Crop Genetic Improvement, National Center of Crop Molecular Breeding, Huazhong Agricultural University, Wuhan 430070, China 
Rice bacterial blight, caused by Xanthomonas oryzae pv. oryzae (Xoo), is one of the most serious rice diseases worldwide. A rice gene, Xa26, conferring whole-life-cycle resistance against bacterial blight in a race specific manner was isolated by map-based cloning strategies from the rice cultivar Minghui 63. Xa26 belongs to a multi-gene family consisting of four members. It encodes a leucine rich repeat (LRR) receptor kinase-like protein consisting of 1103 amino acids and its expression is independent of pathogen infection. Sequence analysis revealed that IRBB3, a near-isogenic rice line carrying bacterial blight resistance gene Xa3, and Zhachanglong, a cultivar carrying bacterial blight resistance gene Xa22(t) with resistance against a broad range of Xoo strains, also carry Xa26. Based on the fine genetic mappings of Xa3, Xa22(t) and Xa26 reported previously, the three genes are either tightly linked or allelic. Thus, Xa26, Xa3 and Xa22(t) are most likely the same gene. Transgenic plants carrying Xa26 showed higher level and broader spectrum of resistance than the donor line of the gene in both seedling and adult stages. Different levels of resistance were also observed among Minghui 63, IRBB3 and Zhachanglong carrying Xa26. It is concluded that the resistance level and spectrum of Xa26 gene is not only determined by itself, but also dependent on the genetic background of the host carrying the gene. 

ROS1, a Repressor of Transcriptional Gene Silencing in Arabidopsis, Encodes a DNA Glycosylase/Lyase

Gong zhizhong

China Agricultural University, College of Biological Sciences, Department of Plant Science, Beijing 100094, P R China  E-mail: gongzz@cau.edu.cn Tel :010-6289-3733

Epigenetic control of gene expression plays vital roles in development as well as in cellular responses to viruses, transposons and transgenes in eukaryotes. The silencing of transgenes and endogenous genes can occur at either the transcriptional (transcriptional gene silencing, TGS) or posttranscriptional (posttranscriptional gene silencing, PTGS) levels.  While there has been tremendous progress in the understanding of PTGS in recent years, the mechanism of TGS is not well understood. In contrast to the substantial progress toward understanding how silent (trans)genes are maintained in silenced states, little is known about how active (trans)genes are maintained in active states or kept from being silenced. We have isolated two allelic Arabidopsis ros1 ( repressor of silencing) mutants with transcriptional silencing of a transgene and a homologous endogenous gene. The transcriptional silencing in ros1 mutants can be released by the ddm1 mutation or the application of the DNA methylation inhibitor 5-aza-2′-deoxycytidine. We cloned the ROS1gene by mapping based cloning. ROS1 encodes an endonuclease III domain nuclear protein with bifunctional DNA glycosylase/lyase activity against methylated but not unmethylated DNA. We hypothesize that double stranded RNA (or its small RNA products) from the transgene repeat triggers the silencing of the homologous genes and ROS1 serves as a DNA repair protein that represses homology-dependent transcriptional gene silencing by demethylating the target promoter DNA. Right now we plan to search the direct endogenous targets of ROS1 in planta, to identify ROS1-interacting proteins, to isolate ros1 suppressor mutations and to clone the corresponding genes.
 Isolation, Genetic Analysis of Low-Phosphorous-Tolerant (LPT) Arabidopsis Mutants and Cloning and Functional Characterization of LPT1

Yi-Fang CHEN, Wei-Hua WU
State Key Laboratory of Plant Physiology and Biochemistry College of Biological Sciences, China Agricultural University, Beijing 100094, CHINA

EMS-mutagenized Arabidopsis M2 plants were screened in the low phosphorous medium (containing 3 M Pi) for obtaining low-Pi-tolerant mutants.  Three hundreds and thirty two putative low-Pi-tolerant (lpt) mutants were selected from 10,000 M2 seedlings, and ten of these putative mutants maintained low-Pi-tolerant phenotypes in their M3 generation. The genetic analysis showed that 8 out of 10 mutants have monogenic recessive mutations in nuclear gene, respectively. The mutation locus of lpt1 linked with low-Pi-tolerant phenotype was initially mapped to chromosome I between microsatlite marker nga280 and ciw1.  For the fine mapping of LPT1, several new SSLP and CAPS markers were developed based on sequence information of the BAC clones between these nga280 and ciw1.  The LPT1 gene was finally located in BAC clone T3F20.  A single base pair mutation was found in the mutated LPT1 gene in lpt1 mutants.  RT-PCR analysis showed that LPT1 expression at transcriptional level in lpt1 mutants was significantly greater than that in wild type plants.  The LPT1-overexpressed transgenic lines showed similar low-Pi-tolerant phenotypes as the lkt1 mutants.  More interestingly, the treatment of osmotic stress enhanced LPT1 expression and induced low-Pi-tolerant phenotypes for wild type plants.  The transgenic lines transformed with LPT1’s promotor and GUS conjugated construct showed that GUS expression was significantly enhanced by osmotic or low phosphorous stress.  Pi uptake rate and Pi content for lpt1 mutants were significantly greater than that for wild-type plants under the low-Pi conditions.
In conclusion, the results presented in this dissertation demonstrate that the mutation in LPT1 gene accounts for low-Pi-tolerant phenotype of lpt1 mutants, and that the mutation or osmotic stress enhances the expression of LPT1, which consequently results in low-Pi-tolerant phenotype mostlikely by regulating Pi uptake or utilization in Arabidopsis plants.

Cloning and Characterization of Genes for Two-Component Phosphorelay Mediators and Response Regulator in Rice

GU Zhi-min, WANG Jian-fei, HUANG Ji, ZHANG Hong-sheng*

National Key Laboratory of Crop Genetics and Germplasm Enhancement, Nanjing Agricultural University, Nanjing 210095, China.E-mail: hszhang@mail.njau.edu.cn. 
*Corresponding author
The two-component system is a signal transduction pathway in both of the prokaryotes and eukaryotes. Typically, the two-component system is composed of two types of proteins, a sensory histidine kinase and a response regulator. The input domain of the sensor histidine kinase detects environmental variables and selectively promotes autophosphorylation of a histidine residue within its transmitter domain. Following autophosphorylation, the phosphoryl group is transferred to the invariant aspartate residue in the receiver domain of the cognate response regulator. A change in the phosphorylation state of the response regulator alters the effector activity of the output domain to control the transcription of signal-responsive genes. Recently, the signaling system has also been found to function in important processes in eukaryotes, such as osmoregulation in yeast and Arabidopsis. But unlike the bacteria two-component systems, in some cases, two-component systems include the third signaling modules or motifs, such as the cloned yeast YPD1 and Arabidopsis AtHP1～3. These genes contain an HPt (Histindine-containing Phospho transfer)-like domain and function as two-component phosphorelay mediators between sensory histindine kinase and response regulator. In this study, using the cDNA sequences of the Arabidopsis AtHP1 encoding two-component phosphorelay-mediator-like protein and AtRR1 encoding response regulator protein as the query probes, highly homologous rice genome contigs were obtained from Rice Genome Database(Beijing). cDNAs sequences for OsHP1～2 and one for OsRR3 were obtained by predicting the genome structures and isolated by RT-PCR. The deduced amino acids for the OsHP1～2  were significantly homologous to the AtHP proteins and all have a conserved HPt domain with a highly conserved His residue, which functions as the putative phosphorylation site of the HPt domains. The deduced amino acid for OsRR3 has a conserved receiver domain with the three conserved amino acid residues Asp-18, Asp-62 and Lys-114, which form an “acidic pocket”. The three genes OsHP1～2 and OsRR3 expressed more in root and leaf than other tissues. The tissue expression pattern suggested some of them constitute a phosphorelay cascade in root and leaf. The further research will focus on the expression profile of three genes under various environmental factors stresses and the functional complementation experiment.

Development of a Multigene Assembly Vector System and Multigene Transformation of Rice

Li Lin1,2 , Yaoguang Liu1 , Xinping Xu2, and Baojian Li2
1Laboratory of Genetic Engineering, College of Life Science, South China Agricultural University, Guangzhou 510642, China (ygliu@scau.edu.cn). 2Key Laboratory of Genetic Engineering, Ministry of Education, Zhongshan University, Guangzhou 510275, China.  

Introduction and expression of multiple transgenes are frequently required for basic and applied studies. However, at present multigene transformation is very difficult due to technical limitations of existing methods. To meet the needs of multigene transformation in plants, we have developed a novel vector system for efficient multigene assembly and transformation. The system consists of a TAC-based acceptor vector together with two donor vectors. By exploiting the Cre/loxP recombination system and homing endonucleases, multiple rounds of gene assembly cycling can be carried out with alternate use of the donor vectors, and multiple genes be sequentially delivered into the TAC vector. 

With this system, constructs containing as many as 10 foreign  DNA fragments were constructed. A construct containing multiple genes including 6 resistant genes （GNA、Pin II、RACH10 、RAC22、 Xa21 and Bar）in a T-DNA region and a plant selectable gene HPT in another T-DNA was used to transform rice by Agrobacterium-mediated transformation. The transgenic nature of rice plants was assessed and the expression of each of the genes was preliminarily studied. The Southern blot results showed that all transgenes present in the same T-DNA region were transferred together into the rice genome. The co-suppression of endogenous and transgene was triggered by RCH10 but not by RAC22 transgene. Other linked transgenes were expressed as assayed by Northern blot and RT-PCR. The two T-DNAs were found to be frequently integrated into the same locus. Invalid cutting on right border ends of the T-DNA region containing the HPT gene was found.  A scheme was proposed which could explain the preferential and precise cutting of the T-DNA region containing the multiple genes. 

This system extends the repertoire of molecular genetic studies and biotechnological endeavors by enabling simultaneous manipulation of multiple genes.
植物遗传转化方法研究
金万梅1，2  尹淑萍1*   巩振辉2
1北京市农林科学院林果所 北京 100093；2西北农林科技大学园艺学院，陕西杨凌 712100

人们可通过有性杂交、物理化学诱变或自然变异来创造植物新物种或新品种。但常常存在着杂交不亲和或杂种不育而造成的生殖隔离，也存在着诱变的非定向性以及自然变异频率低等问题。植物遗传转化技术的发展为解决这类问题开辟了新途径，植物遗传转化可打破物种之间的隔离，使来自微生物、动物、植物甚至人类的外源目的基因流向植物，使人类按照自已的愿望改造植物，从而培育出植物新品种，这是用传统的育种方法根本无法做到的。关于植物遗传转化方法的研究报道颇多，不同转化方法的转化率差异较大，同一转化方法在不同植物上转化率亦有明显差异。选择适宜的遗传转化方法是提高遗传转化率的关键环节之一。作者通过对植株原位真空渗入遗传转化方法和叶盘法进行研究，来探索植物高效遗传转化方法，为进一步进行分子育种提供借鉴。

在植株原位真空渗入遗传转化方法的研究中，以蕾期的芥菜（Brassica juncea coss）生态型雪里蕻和圆叶芥为试材，根癌农杆菌（Agrbacterium tumefaciens ） 菌株LBA4404（携带NPTⅡ标记基因），在真空渗入前2 d开始培养繁殖。挑取单菌落接种于400 ml含LB培养基上，28℃黑暗条件300 r/min，振荡培养36 h，达到对数生长期平台期，4000 r/min离心10 min；收集农杆菌，用1/2MS无机＋B5有机物渗入培养基稀释，分光光度计确定菌液浓度OD600=0.8，放入抽真空的容器中。将植株倒置，花蕾部位浸于渗入培养基中，此时抽真空30S，然后恢复常压间歇30S，植株花蕾出现伤口，农杆菌菌液侵没伤口部位。处理之后，取出植株，移栽至温室用塑料薄膜覆盖，黑暗条件12 h缓苗后，转入常规管理，待植株开花结籽，收获并干燥T1种子，然后用抗生素进行筛选，抗性芽进行PCR分子检测，统计转化率。实验结果表明，在供试的2种芥菜生态型中，经筛选共获得抗性苗7株，其中雪里蕻4株，圆叶芥3株，PCR分子检测结果均为阳性株，统计转化率，分别达0.55% 和0.49%。在供试芥菜的2个生态型中，转化率不同，说明真空渗入遗传转化技术与材料的基因型有关。

在植物叶盘遗传转化方法的研究中，以草莓品种土特拉和新星2号为试材。取当年生匍匐茎，剥取0.2-0.5mm大小的茎尖进行培养，建立试管苗无性繁殖系。取继代25d的无菌苗叶片，剪成3-5mm2的叶盘作为外植体。土特拉接种在分化培养基MS+BA3.0 mg•L-1+2,4-D0.1 mg•L-1上；新星2号接种在分化培养基MS+TDZ2.0 mg•L-1 +IAA0.1 mg•L-1上。根癌农杆菌菌株为LBA4404（携带NPTⅡ基因），挑取农杆菌单菌落，接种于20ml含kan 50 mg•L-1的LB液体培养基中，于28℃黑暗条件下180rpm振荡培养20h，然后以MS液体培养基稀释5-10倍，加入终浓度为100 mg•L-1的乙酰丁香酮，继续振荡培养4h。菌液培养结束后，将外植体浸入菌液中5min后取出，用灭菌滤纸吸去多余的菌液，接种在分化培养基上。共培养3d后，转入含Kan20mg/L和头孢霉素(cef)400mg/L的分化培养基上，诱导不定芽的再生。抗性芽进行PCR分子检测，统计转化率。实验结果表明，在供试的两种基因型材料中，分别接种200个外植体，土特拉获得抗性苗5株，新星2号则为8株，经过PCR检测阳性植株分别为2和3株，统计的转化率分别为1.00%和1.50%。在供试的2个草莓基因型中，转化率不同，说明叶盘法遗传转化技术也与材料的基因型有关。
在遗传转化过程中，对那些不易建立高频再生体系而又容易经过春化建立适宜苗态的植物，可以采用植株原位真空渗入遗传转化方法进行研究。芥菜是一种容易春化并且容易建立适宜苗态的植物；芥菜植株表面蜡质层、角质层较薄，经真空处理，容易造伤使农杆菌感染；单株产种量大，在纱网内天然自交产种量也比较高，真空渗入处理1株，即可获得转化体1～5株，因此，真空渗入遗传转化方法是芥菜较为理想的遗传转化方法。此外，和叶盘法相比，真空渗入法不需要建立植株再生体系，大大简化操作程序，已成功地应用于芸薹属其它一些植物。在所获得的转基因植物中，使用叶盘法得到转基因植物占很大比例。它是双子叶植物较为常用也较为简单有效的遗传转化方法，利用叶盘法进行植物遗传转化，首先要建立高频再生体系。草莓是一种比较容易建立再生体系的植物，叶盘法很适合草莓的遗传转化。对于任何一种难以建立再生体系的植物，叶盘法的使用就受到限制。因此对具体的植物而言，采用哪一种遗传转化方法，需要具体对待。
Ultrastructure and molecular cytology of resistance mechanism of wheat to stripe rust

Kang Zhensheng
Plant Protection College, Northwest Sci-Tech University of Agriculture and Forestry, Shaanxi Provincial Key Lab of Molecular Biology for Agriculture, Yangling, 712100
Wheat stripe rust, caused by Puccinia striiformis Westend f. sp. tritici, occurs worldwide and is considered a major disease in temperate regions, particularly in China. It has been demonstrated that the reasonable use of resistant wheat cultivars is the most effective and economical method to control wheat rust diseases. Studying on the interaction between wheat and rust can reveal the resistant mechanism of the host plant and the pathogenic mechanism of the rust fungi, which provide further information for selection and reasonable use of resistant wheat cultivars, and also lay an essential foundation for exploring the host resistant mechanism from biochemical and molecular biological aspects. The studying on interaction between wheat and rust involves in genetics, histology, cytology, physiology, biochemistry, molecular biology and so on. To reveal the resistance mechanism of wheat to stripe rust, we recently examined the compatible and incompatible combinations between wheat and P. striiformis by means of electron microscopic and immunogold labeling techniques.

In the infected wheat leaves of the susceptible cultivar a higher hyphae number was usually detected as compared to the corresponding tissues in the resistant cultivar, indicating that the fungal development was restricted in wheat leaves of the resistant cultivar. The structural defense reactions such as formation of cell wall apposition, collar or papillae, and encasement of haustorium were essentially more pronounced in the infected wheat leaves of the resistant cultivar than in the susceptible one. Sometimes, in the wheat leaves of the incompatible combination the typical papillae of large size, detected in the host cell subjacent to the penetration site of the haustorial mother cell stopped the pathogen’s further development. Immunogold studies demonstrated the presence of callose in the collars or papillae, cell wall appositions and encasements formed in P. striiformis-infected wheat leaves. Immunogold localization of lignin revealed a markedly higher labelling density in host cell walls of the infected wheat leaves of the resistant cultivar than in the cell walls of the infected wheat leaves of the susceptible wheat cultivar. These findings indicated that lignin accumulation in the infected wheat leaves may play an important role in resistance to the spreading of the pathogen in the host tissues. 

Two antisera raised against acidic chitinase and acidic ß-1, 3-glucanase were used to investigate the subcellular localization of the two enzymes in the compatible and incompatible interactions between wheat and P. striiformis. The studies demonstrated that the labelling patterns for both enzymes were very similar in the uninoculated healthy and infected wheat leaves. The enzymes were localized mainly in the host cell walls, while no labeling was observed in cytoplasm and organelles of the host cells. However, the accumulation of two enzymes in the infected wheat leaves differed markedly between resistant and susceptible wheat cultivars. The labelling densities for the two enzymes in the infected leaves of the susceptible cultivar increased slightly as compared to the uninoculated healthy leaves, whereas significantly higher labelling densities of chitinase and ß-1, 3-glucanase were found in the infected leaves of the resistant cultivar compared to the uninoculated healthy leaves. Furthermore, the labelling of chitinase and ß-1, 3-glucanase also occurred over the extrahaustorial matrix and the fungal cell walls in the infected wheat leaves. The extrahaustorial matrix and the hyphal cell walls in the infected leaves of the resistant cultivar usually showed a higher density of the labelling than those in the susceptible cultivar. These finding indicated that chitinase and ß-1, 3-glucanase accumulation have potential role in the defense reactions in the incompatible interaction between wheat and P. striiformins.
Mapping QTLs Associated with FHB Resistance in a Wangshuibai x Nanda2419 population 

Z.Q. Ma, F. Lin, Z.X. Kong, J.Z Wu, H.L. Zhu, S.L. Xie, J.B. Wei

National key Lab of Crop Genetics and Germplasm Enhancement, Nanjing Agricultural University, Jiangsu 210095, P. R. China
Scab disease (Fusarium head blight, FHB), caused by Fusarium species, has been a major concern for both wheat producers and farmers. Deployment of scab-resistant varieties is the choice of measures in controlling this disease. To identify genes for scab resistance, a RIL population derived from ‘Wangshuibai’ ( a local resistance germplasm of China) x ‘Nanda2419’ were produced by single seed descent (SSD). The RILs were evaluated for scab resistance in the field by artificial or natural inoculation in two-year experiments. Over 976 molecular markers, mainly SSR markers, were surveyed for polymorphism between the parents, of which 367 were found to be polymorphic. Using the partial molecular map constructed with these markers that covered over 1736 cM of the wheat genome, nine chromosome regions showing association with type II resistance were identified. The QTL linked to Xs1021m on 2B, and those linked to Xnau18 (on 3B/7B), Xnau116 on 6B and Xnau252 on 7D were consistent across the years and between two associated traits (number of diseased spikelets, NDS, and length of diseased rachis, LDR). The latter three had their resistance alleles contributed by Wangshuibai. Seven QTLs were identified for the percentage of infected spikes (PIS) in the condition of natural inoculation that represents the type I resistance. Five of the type I resistance QTLs were from Wangshuibai, among which the one linked to Xnau199 on 5A was most significant and explained 22.3% of the phenotypic variation. Only one QTL associated with NDS had association with PIS at P=0.05.

Establishment of molecular markers of disease resistance genes in Wheat

Chaojie Xie, Zhongfu Ni, Zhiyong Liu, Jun Zhao, Chengfang Zhao, Tsomin Yang, Qixin sun*

Department of Plant Genetics & Breeding, China Agricultural University, Beijing 100094, China
* Author for correspondence, Email: qxsun62 @ public.bta.net.cn, Tel: 010-62893426

Wild emmer, Triticum dicoccoides (2n =4x = 28; genome AABB), is the progenitor of cultivated tetraploid and hexaploid wheat and has been reported to be highly resistant to wheat diseases. Until now, several disease resistance genes have already been introduced from wild emmer into cultivated wheat. Using the wild emmer as the resistance donor, two dominant powdery mildew resistance genes has been successfully transferred into common wheat by wide crossing and backcrossing. Here, we report the establishment of molecular markers and chromosomal locations of these Pm genes.
The first gene was originated from wild emmer accession ‘C20’. Three markers, Xgwm159/430, Xgwm159/460, and Xgwm159/500 on chromosome 5BS, were found to be linked to the resistance gene with the genetic distance of 5 – 6 cM. The polymorphic markers and the resistance gene were physically mapped on the gene rich regions of fragment length (FL) 0.41 - 0.43 by Chinese Spring deletion lines. This mildew resistance gene has been designated Pm30.
The second gene was originated from accession ‘G-305-M’. Four SSR markers (Xgwm570, Xpsp3152, Xpsp3071 and Xpsp3029) from chromosome 6AL were linked to the resistance gene. The genetic distances between the resistance gene and these four markers were: 0.6 cM to Xpsp3029, 3.1 cM to Xpsp3071, 11.2 cM to Xpsp3152 and 20.4 cM to Xgwm570, respectively. This mildew resistance gene has been designated Pm31.
In addition, using specific oligonuceotide primers designed to the sequences of known plant disease resistance genes, resistance gene analogs polymorphism (RGAP) was applied to screen for RGA markers linked to Pm31. Two RGA markers were found to be closely linked to Pm31. The result showed the effectiveness of the RGAs approach for developing molecular markers linked to disease resistance genes and demonstrated the efficiency of denaturing polyacrylamide-gel electrophoresis for detecting PCR polymorphism.
* Supported by Project of China (No.2001CB108802).This work was financially supported by the National Natural Science Foundation of China (30200174), the Sino-Israel Agricultural Research Fund (SIARF2001-01) and Beijing Municipal Science & Technology Commission.
Genetic Dissection of Resistance and Avirulence Genes in the Rice Blast Pathosystem 

Lin Fei, Liu Xinqiong, Feng Shujie, Li Luoye, Wang Ling, Pan Qinghua
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e-mail: panqh@scau.edu.cn

Our laboratory is working toward understanding the molecular mechanism of gene-for-gene interaction between Magnaporthe grisea and Oryza sativa. Up to date, several resistance genes as well as avirulence genes have been identified in our laboratory (Pan et al. 1996; 1998a, b; 1999; 2002a, b; 2003; Lin et al. 2002). Recent progress is summarized below: 

The resistance gene, Pi15, was finely mapped on chromosome 9 through bulked-segregant analysis (BSA) in combination with recessive-class analysis (RCA) using microsatellite, sequence-tagged site (STS), and random amplified polymorphic DNA (RAPD) markers (Pan et al. 2003). Then, the candidates of Pi15, which characterized with leucine-rich repeat (LRR) structures have been identified with the region-specific makers, such STS and CAPS (cleaved amplified polymorphic sequences). Functional analysis of the candidates is in progress. At the same time, the other resistance genes, Pi30(t), Pikg, and Pif are also finely mapped for further molecular cloning in our laboratory, and their results will be presented.

On the other hands, avirulence genes, Avr1-Pikg, Avr2-Pikm, Avr1-Piz were identified in a progeny population through segregation analysis with more than 300 asco-spore isolates. Subsequently, the avirulence gene was finely mapped through BSA-based linkage analysis with RAPD and SNP (single nucleotide polymorphism) markers. Isolation of these genes through genetic and/or genomic approaches is undertaking. 
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QTL Mapping of Kernel Oil Concentration with High-oil Maize by SSR Markers

Xiu-Fang., Song 1, Tong-Ming. Song 1, Jing-Rui. Dai 1, Torbert Rocheford 2 and Jian-Sheng. Li 1 *

1Maize Improvement Center of China, China Agricultural University, Beijing, 100094, China

2Department of Crop Sciences University of Illinois 1102 S. Goodwin Ave Urbana, IL 61801, USA

High-oil maize as a value added crop has received increased interest recently for modern maize production. Research involving Illinois High Oil (IHO) germplasm has identified a number of quantitative trait loci (QTL) in maize that control a large portion of the variation for kernel oil concentration. In this study, chromosomal locations of QTL influencing kernel oil concentration and their genetic effects were investigated using Chinese practical breeding high-oil germplasm. An F2 population with 450 individuals was derived from a cross between the high-oil inbred By804, derived from a high-oil population, BHO Cycle 13, which was synthesized with elite normal lines in China originally, and the historically important inbred B73. Single kernel oil concentration was determined for individual F2 seeds, and also for 100 F3 seeds from each ear harvested from F2 plants grown from the individual F2 seeds. Kernel oil concentration was measured with a Minispec PC 20 pulsed NMR (Nuclear Magnetic Resonance). 151 co-dominant SSR markers were employed to construct a genetic linkage map throughout the whole genome of maize. Its total length equaled to 1759.1 cM with an average interval of 11.65 cM. Putative QTL were identified through composite interval mapping using a 3.54 LOD threshold values. Totally, 20 QTL significantly associated with kernel oil concentration were mapped on 10 chromosomes. Six QTL were detected in both F2 seeds and F3 seeds, reaching to 30% of total mapped QTL, while 15 QTL were detected only in either of them. The proportion of phenotypic variations explained by a single QTL ranged from 2.31% to 17.51%. There were six QTL in F2 seeds and F2:3 seed families, each of which accounted for over 5% of phenotypic variations. However, most single QTL either with F2 seeds or F2:3 seeds only explained less 5% of phenotypic variations. Additive and partial dominant genetic effects may play important roles in controlling kernel oil concentration. Compared with oil concentration QTL identified with IHO germplasm, approximately one-third of QTL identified in this study had identical or similar chromosomal locations in IHO, This suggests that more diverse germplasm should be analyzed to detect additional QTL for oil concentration, or to find the more favorable alleles at common QTL loci. This information may be beneficial to marker assistsed breeding of high-oil maize lines and improving high-oil populations in maize.

Quantitative trait loci analysis of stem strength and related anatomical traits in a wheat doubled haploid population

L. Hai1, H. J. Guo1, S. H. Xiao1, G. L. Jiang2, X. Y. Zhang1, C. S. Yan1, Z. Y. Xin1, J. Z. Jia1, 
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Stem strength and related basal internodes traits are important objectives in wheat breeding for lodging resistance. Lodging generally occurs at basal internodes. It follows that an understanding of genetic factors affecting stem strength and related anatomical traits is important to breeding efforts incorporating lodging resistance. In this study, a doubled haploid (DH) population, derived from anther culture of ‘CA9613’/H1488’ was used as genetic material. A molecular map with 189 SSR markers for the DH population was constructed. Stem strength and basal internodes traits were measured at milk stage. The quantitative trait loci (QTLs) and epistasis for each trait were analyzed based on the constructed molecular linkage map of this population. A total of 14 QTLs for stem strength, stem thickness, pith diameter and stem diameter were identified. One putative QTL (qSS-1a) for stem strength was detected on chromosome 1A. Four QTLs (qPD-1a, qPD-2a, qPD-3d and qPD-4b) were detected on Chromosomes 1A, 2A, 3D and 4B, respectively. Five QTLs (qSD-1a, qSD-3a, qSD-3b, qSD-3d and qSD-7a) associated with stem diameter were located on chromosomes 1A, 3A, 3B, 3D and 7A, respectively. Four QTLs (qST-1a, qST-3a, qST-3b and qST-3d) for stem thickness were detected on Chromosomes 1A, 3A, 3B and 3D, respectively. And fifteen pairs of epistatic loci for stem strength, stem thickness, pith diameter and stem diameter were detected in the DH population, involving 25 loci distributed on 14 chromosomes. In addition, among these QTLs detected, four QTLs and three interaction loci with pleiotropic effects were observed in the study. 

Differential Gene Expression and Molecular Basis of Heterosis in Wheat

Ni zhongfu, Limin Wu, Yingyin Yao, Fanrong Meng, Zhangkui Wang, Rongmin Chen, Zhan Lin, Xiaodong Xie, Qixin sun*
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Hybrid cultivars have been used commercially in many crop plants and have made significant contribution to the world food supply. However, the molecular mechanism of heterosis remains to be revealed. Recently, relationship between the differential gene expression patterns and heterosis were evaluated by using mRNA differential display technique. The results showed that differentially expressed fragments that occurred only in F1 were found to be positively correlated with heterosis, while fragments observed only in one parents and fragments silenced in hybrids were negatively correlated with heterosis. Therefore, molecular basis of phenotypic changes between wheat hybrid and its parents could reside in the variability of genome expression. In order to further gain an insight into the molecular basis of wheat heterosis, differentially expressed genes needed to be isolated and their functions leading to heterosis be investigated. Up to date, more than 1000 differentially expressed cDNA in cross-pollinated and self-pollinated Seeds, leaves and roots have been cloned. Sequence analysis and database searching revealed that these genes between hybrids and their parents included transcription factor genes and genes involved in metabolism, signal transduction, membrane transduction, disease resistance and retrotransposons. 

The results described above indicate that the patterns of gene expression in hybrid F1 alters obviously as compared to their corresponding parents, and also underlined the significance of regulatory mechnisms involved in differential gene expression, and hence to heterosis, suggesting that transcription factors may play important role. Therefore, it should be an interesting area to isolate these genes that encoding transcription factor and to analyze their expression in wheat hybrid and parents. A total of 54 DNA or cDNA fragments encoding different transcription factor genes were obtained. Until now, by using reverse-northern blot technique, at least 13 genes were confirmed to be differential expressed between wheat hybrids and their parental inbreds. 

* Supported by Key Basic Research and development Plan of China (001CB1088) and the National Science Fund for Distinguished Young Scholars (39925026) and the National Natural Science Foundation of China (30000109)

Homoeologous Gene Silencing in Hexaploid Wheat
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Homoeologous sequences are, by definition, highly similar but non-identical.  Recently it has been shown that the single strand conformation polymorphism (SSCP) technique is capable of distinguishing between homoeologous wheat gDNA sequences. By extension, the same technique can be used to distinguish between homoeologous cDNA molecules. In the present paper we exploit this capability to identify gene silencing in hexaploid wheat at the transcriptional level, using as evidence for silencing the situation where a homoeologue is represented in the SSCP profile of gDNA, but not in the profile of the equivalent cDNA. 

PCR assays were generated for a collection of single/low copy cDNA probes, and of 62 were used to detect transcriptional silencing by comparing SSCP profiles derived from gDNA with those derived from cDNA template. Twenty-one sequences gave analysable results. In principle, two (or more) SSCP bands are expected to be generated from each single copy locus, since the technique separates DNA molecules on the basis of conformation rather than size, and each single stranded molecule can adopt a conformation different from that of its sister strand. However, not all the primer pairs which amplified a product from genomic DNA fulfilled this condition, largely because the SSCP does not always resolve all six possible strands present in an amplicon consisting of a mixture of three amplified homoeoloci. Overall there was no discernible genome pattern of silencing – in this small sample of loci, two silenced loci were in the A genome, two in the B genome and three in the D genome.

In conclusion, we show that the non-transcription of individual loci within some homoeologous sets occurs at a significant frequency. We suggest that this approach is well suited for the exploration of both the extent, and the existence of any genomic patterning of homoeologous silencing in the wheat, and by extension any other, polyploid genome.

Genomics-Based Wheat Germplasm Studies in China

Jizeng Jia, Xueyong Zhang, Xiuying Kong, Ruilian Jing, Ronghua Zhou, Naxin Huo, Lifeng Gao, Yuchen Dong
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Genomics is a powerful tool for wheat germplasm studies. It can be used for genetic diversity and establish the core collection, gene discovery and germplasm enhancement. To perform above research, a genomics platform for germplasm study will be needed. 

Genomics platform: Molecular marker is a powerful tool for detect genetic diversity, gene discovery and germplasm enhancement. 478 EST-SSR markers were developed from 70 thousands wheat EST. 106 genes were mapped and most of them are firstly mapped by using the new markers. A BAC library was constructed using a Chinese Spring isogenic line caring gene Rht10 and Ms2. There are about 100 million clones with average insert size of 118 kb. A Rht10 candidate gene has been isolated and the function studies are on the way. A Triticcum urartu (A genome donor of wheat) BAC library is constructing. The full-length cDNA libraries are being constructed and the sequenced.

Genetic diversity and core collection: More than forty thousands accessions of wheat germplasm were conserved in the long-term germplasm bank of China. Candidate core collections of common wheat (Triticum aestivum L.) were established based on the geographical regions, ecotypes, 21 agronomic and botanic characteristics of basic collections. In the candidate core collections, there are 3283 landraces, and 1684 modern varieties, which takes 28.18% and 14.9% of the basic collections respectively. The candidate core collections are further assayed by using SSR markers at 70 loci and then core collection will be established in this year.  

Gene discovery: Map-based gene discovery is an efficiency approach. We mainly focus the genes for agronomic important, such as disease resistance, stress tolerance, quality, yield components, fertility and fertilizer use efficiency. Total 50 new genes /QTLs were discovered. We discovered a QTL for powdery mildew resistance, which can explain for 30% variation of resistance, it is interest that both two parents of the mapping population are susceptible, it revealed that there are resistance genes existing in the susceptible materials. 

Germplasm enhancement: Germplasm enhancement includes development of breeding materials and genomic stocks. We design a new approach for both and screen a very fast life cycle line from 40 thousands accessions, it can be planted for four generations a year. New breeding stocks and genomic stocks have been generated by using this approach. There are more than sixty NILs have been developed. A thousand NILs will be generated in the next few years. 16 RILs populations were generated and 260 RILs populations are on the F4-F5 generations. Most agronomic traits can be mapped by using these populations and hundreds new genes will be discovered. Plenty breeding stocks with interested agronomic traits have also been cultivated. 

Effects of SSR locus Composition on Establishing core Collection and Estimating Genetic Diversity
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Many biologists have been devoting themselves to find how many primers and what their properties should be selected to sample a representative core collection and to uncover the underlying genetic structure of a population. But the last word on it was not yet gotten. The effects of SSR locus composition on sampling core collection and estimating genetic diversity were studied, using an Oryza sativa L. population with 358 landraces, and 72 SSR loci. Twenty-one locus compositions was gotten by combining six groups in number (12, 24, 36, 48, 60 and 72) and four types in properties (characterized by high polymorphic, low polymorphic, randomly selected and core-strategy-based loci). One hundred and ten core sets was sampled randomly and by clustering using different locus compositions. The genetic diversity at all 72 loci in different core sets was calculated. For all core sets, UPGMA was done based on six subpopulations. And the correlations between distance matrix of each core set, initial population with different locus compositions and that of initial population with 72 loci were estimated by mantel test. According to the genetic diversity retained in different core sets and UPGMA, the appropriate sampling proportion should be 70%. When the sampling proportion was lower than 50%, no evident law was revealed for all the genetic diversity and matrix correlation for different core sets. When the sampling proportion was higher than 50%, it was evident that the best results could not be reached if using 12 SSR loci, but the genetic diversity in the core sets sampled by using 24 or 36 loci tended to similar to or higher than that by using more loci. The matrix correlation was increasing along with the increase of locus number, but not predominantly. The loci with low polymorphism could help get core sets with higher average gene diversity than those with higher polymorphism, and the core sets with medium average gene diversity could be sampled by the randomly selected or core-strategy-based loci. But these differences were not distinct. Comparing to other tree locus types, the core sets with highest matrix correlation could be sampled by using core loci. The core sets sampled by using the low polymorphic loci showed lower matrix correlation. The core sets sampled by using randomly selected loci took on medium matrix correlation. And the matrix correlation in different core sets will slightly increase along with the increase of locus number. It should be noted that randomly selected core sets, though retaining less genetic diversity, could more likely maintain the initial genetic structure than the cluster-based core sets except for the one based on core loci. It could be concluded that 36 core loci could be firstly considered for establishing core collection and estimating genetic diversity. However, core loci and more than 36 loci should not be advocated due to their high expense but minute plus on retaining genetic diversity and maintaining the initial genetic structure. For an appropriate sampling proportion, even 12 randomly selected loci could get an ideal result. Of course, the population in this study is comparatively small. But it is believed that the results should not be very different for a larger population, because its more genetic redundancy.

Genetic Diversity and Multilocus Organization of the Lines Used in an Rice Molecular Breeding Program
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An international rice breeding program has been initiated with the main objectives to drive massive gene flow by molecular assisted backcrossing from a diverse gene pool into several elite rice cultivars, and to develop superior varieties well-adapted to target environments with greatly improved traits of importance. The information regarding the genetic diversity and multilocus organization of the breeding materials is indispensable for successful accomplishment of the objectives. We report here molecular characterization of the materials using a well-distributed set of (simple sequence repeat) SSR markers at both single-locus and two-locus levels. One hundred and ninety-three varieties obtained from 26 countries worldwide for the international rice molecular breeding program were assessed using 101 SSRs that well distribute on rice genome. Overall genetic diversity of 0.68 and an average of 6.3 alleles per locus were revealed, indicating a high level of genetic variation in these lines. Cluster analysis of the 193 accessions showed three major groups and nine subgroups. Group I corresponded to the classical indica subspecies, whereas groups II and III belong to the japonica subspecies. Indica and japonica differentiation accounted for only 6.5% of the total variation in the entire sample and 93.5% was due to within subspecies diversity. Differentiation among eco-geographic regions accounted for 24% of the diversity within the subspecies. Larger amounts of the eco-geographical differentiation were resolved within japonica than within indica. The largest indica-japonica differentiation based on the single locus level was detected by markers from chromosomes 9 and 12, while the smallest differentiation was detected by markers from chromosomes 4 and 8. Furthermore, genetic differences at the single-locus and two-locus levels, as well as components due to allelic and gametic differentiation, were revealed between indica and japonica and among the main geographic regions. The multilocus analysis in genetic diversity showed a higher proportion of variation caused by predominant non-random associations of different loci within and among the classified subspecies and geographic subdivisions. The results suggest that selection for eco-geographical adaptation on multilocus associations was largely responsible for the maintenance of the extensive variation in the primary gene pool of rice.

Genetic Diversity Changes of Commercial Wheat Varieties in Yellow and Huai River Valley Winter Wheat Re Revealed by SSR analysis

Xueyong Zhang

Institute of crop Germplasm Resources, Chinese Academy of Agricultural Sciences/Key Laboratory of Crop Germplasm and Biotechnology, Ministry of Agriculture, Beijing 100081
Cytogenetic Study of New Germplasm with Stripe Rust Resistance
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1College of Agronomy, 2College of plant protection, Northwest Sci-Tech university of Agricultural and forestry, Yangling,Shaanxi,712100

Transfering gene resistant to stripe rust new races from hexaploid Triticale into common wheat by cross-fertilization between them as well as multiple back-crossing, nine new germplasms with stripe rust new races resistance were developed. In this study, basic cytogenetic identify of these new germplasms was conducted by using cytogenetic method, screen of strip rust resistance and elementary analysis of karyotype. Some mechanism that gene with strip rust resistance transfered from hexaploid triticale into common wheat was also explored .The results show：(1)Some abnormal frequency of chromosome pairing appeared in PMC MI in new germplasm × China Spring. Based on existed theory and combining with identify of strip rust resistance and elementary analysis of karyotype , we can conclude that SCV341 is wheat-triticale substitution line and other eight new germplasms WT212, WT3, WT252，WT20，WT257，WT343，WT207，WT372 are translocation line and this kind of translocation is different from 1B/1R translocation line.(2): Percentage of seed set in reciprocal cross between triticale and common wheat were high, but percentage of seedling in reciprocal cross were very significant different. Percentage of seedling in hexaploid Tritical × common wheat was more high because endosperm developed very well than that in common wheat × hexaploid Tritical because endosperm developed bad. Many seeds and good seedling were obtained by back-crossing.(3): Abnormalities were observed in PMC MI in reciprocal cross between triticale and common wheat. The number of univalent in triticale× common wheat is higher than theoretical value, but lower in common wheat ×triticale than theoretical value. However, the number of divalent is lower than theroretical value in both of them. At the same time, the number of multivalent and  divalent is higher in common wheat × triticale than triticale ×common wheat. In reciprocal cross between triticale and common wheat, the exogenous genes may been transferred by means of partial homoeologous chromosome pairing and recombination in heterologous chromosome, But the rate of partial homoeologous chromosome pairing is higher in common wheat × triticale. Triticale than in hexaploid triticale × common wheat.

大豆单核苷酸多态性（SNP）的研究
朱友林1, P. B. Cregan2
1南昌大学生物科学工程系，南昌 330047; 2 Soybean Genomics and Improvement Laboratory, U.S. Department of Agriculture-Agricultural Research Service, Beltsville, Maryland 20705, USA）

Single-Nucleotide Polymorphisms in Soybean

随着人类基因组以及其它一些生物基因组DNA全序列测定的基本完成或取得巨大进展，人们更加关注和重视研究生物种间和种内个体间DNA序列的差异及其与表现型的关系。特别是同源DNA单个碱基对的差异，即单核苷酸多态性（Single Nucleotide Polymorphisms，SNP），已成为当前基因组研究领域中新的热点。近年来许多研究表明，人类基因组中SNP频率约为1SNP/500-2000bp ，如以人们最常引用的SNP频率1SNP/1000bp计算，人类SNP约占人类基因组DNA多态性的90%（Collin等，1998）。表明SNP是真核生物中最丰富的一种遗传变异类型，几乎在每一个基因内或基因附近都可发现SNP位点，是DNA多态性标记取之不尽的源泉。同时SNP还具有遗传稳定，易于高通量自动化检测等特点。因此，SNP作为新一代DNA标记，在精细遗传和物理图谱的构建与整合、数量性状基因位点（QTL）的定位与鉴定、生物多样性与进化遗传学研究、作物遗传改良与分子育种等理论和应用研究方面，均有广阔的应用前景。但有关植物SNP的研究报道还很少。

我们测定并分析了25份大豆品系143个基因位点约76.3kbp基因组DNA序列，共发现了280个SNP位点，其中稀有SNP占24%，普通SNP占76%。如以θw值表示DNA核苷酸多态性，大豆基因组DNA序列SNP频率平均为0.97SNP/1000bp，其中非编码序列SNP频率（θw = 0.00111）明显地高于编码序列SNP频率（θw = 0.00053）。在非编码序列中，UTR序列SNP频率为1.26SNP/1000bp，内含子序列SNP频率为1.11SNP/1000bp，与功能基因相邻的基因间非编码序列SNP频率为0.87SNP/1000bp，三者间在统计学上没有显著的差异。在编码序列中，同义SNP频率为1.00SNP/1000bp, 是有义SNP频率的 2.6倍。在我们分析的143个基因片段中,有48个基因片段没有发现SNP,30个基因片段只发现了1个SNP，其余65个基因片段中发现了2个或2个以上SNP。表明不同基因、不同区段间，SNP频率有明显的差异。K-S测验表明，无论是在编码序列中，还是在非编码序列中,SNP的分布都是不均衡的,有群集性现象。在65个含有2个或2个以上SNP的基因片段中,平均每个基因片段有3.8个SNP,但每个基因片段平均只有3个单倍型。实际观测到的SNP单倍型数目明显地少于连锁平衡时的理论值，表明大豆基因组存在明显的连锁不平衡现象。
Progress in Establishment of Chinese Soybean Core Collection
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China owns the most soybean germplasm in the world, and it becomes urgent task to evaluate and use the collection efficiently.  The notion of core collection was proposed by Frankel and Brown (1984) and completed by Brown (1989), which provided a novel method for germplasm study.  The related information can be found in the thesis of Cui Yanhua (2003).  The genetic diversity were analyzed for summer sowing soybean (Cui et al., 2003A), spring sowing soybean (Lin et al., 2003; Li et al., 2003) and autumn sowing soybean (Xie et al., 2003) and were compared between three planting types (Xie et al., 2003A), different regions of the same planting types (Li W. et al., 2003; Li L. et al., 2003), and accessions from different provinces (Guan et al., 2003; Ning et al., 2003).  It is important to use genetic diversity on establishing core collection (Qiu et al., 2002).  Based on the agronomic traits of 23587 cultivated soybean, 20 primary core collection were set up to compare with the whole collection, and determined the 9% sampling size (Qiu et al., 2003).  The primary core collection was tested on its representative for the whole collection at both morphological and molecular level (Cui et al., 2003B; 2003C; Zhu et al., 2003).  In order to estimate the primary core collection properly, the minimum number of the core SSR loci was screened (Wang B et al., 2003; Xie et al., 2003B) and used to evaluate for all primary core collection (Wang L et al., 2003; Lin et al., 2003; Luan et al., 2003; Cui et al., 2003B; Li W. et al., 2003; Li L. et al., 2003; Guan et al., 2003; Ning et al., 2003; Xie et al.., 2002; Zhu et al., 2003).  Meanwhile, several sub collections were set up in order to meet the needs of soybean breeding, which include the core subcollections for breeding parents (Zhang et al., 2003), soybean mosaic virus resistant accessions (Mi et al., 2003), and soybean cyst nematode resistant accessions (Wang et al., 2003).
Molecular Analysis of Almond Germplasm in China
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Chinese almond consists of six species, and over 100 cultivars/genotypes of common almond (Prunus communis Fritsch.) have been identified in China. Recently, we have obtained over 1000 ESTs from almond pistil, and the estimated number of genes identified was 716: 121 contigs and 595 singletons after assembled using StackPACK. These ESTs, together with 2858 of almond and 10185 of peach EST sequences from public databases, were further explored in our EST-SSR analysis. The EST-SSR occurs every 4.97 kb in almond ESTs and 6.57 in peach, and the di-nucleotide repeat motifs are the most abundant in both almond and peach ESTs. 20 EST-SSRs were thereafter, developed and used，together with 7 anonymous genomic SSRs, to study the genetic relationship of the 44 accessions of almond and peach. Out of the 178 alleles detected, 130 occurred in the almond cultivars, and 30 are specific for Chinese cultivars and 28 for the Mediterranean cultivars. The 44 accessions were clustered into 4 groups in the phylogenetic tree and the 36 almond cultivars formed two distinct subgroups, one containing only Chinese cultivars plus 2 of unknown origin and the other only those originated from the Mediterranean region, indicating that Chinese almond cultivars have a distinct evolutionary history from the Mediterranean almond.  

Furthermore, over twenty new S-RNase gene homologs have been amplified by PCR and sequenced from almond cultivars and/or genotypes of China. The S-genotypes have been identified in some of the cultivars by PCR-RFLP. One of the S-RNase homologous sequences isolated from Chinese cultivars formed an out-group in the phylogenetic tree and might be a common ancestor of all the Prunus S-RNases reported so far. The results provided further evidence for that the differentiation of S-RNases predates speciation. 

The almond pistil EST analysis will also be presented. This work provides a first picture of the numerous almond genes potentially involved in the pistil development, and it not only contributes to the understanding of genome expression patterns in pistils but also provides an extensive reservoir for the gene cloning and genetic mapping in almond and other related fruit trees.
Acknowledgement: This work was financially supported by the National Natural Science Foundation of China (grant No. 30170649) and the National Tenth Five-Year Program of Science and Technology (grant No. 2001BA707B02) of China. 

Genetic Diversity Changes of Commercialized Wheat Varieties in Yellow and Huai River Valley Winter Wheat Region Revealed by SSR analysis
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Yellow and Huai River Valley Winter Wheat Region is the largest wheat ecological zones in China. Its annual planting area and production takes 45% and 48% of the National wheat production. It is the heart land of China wheat production. Because of long agricultural history, genetic resources are very rich in this region.  More than 3641 modern varieties were released in the past half-century, which takes 31.8% of the modern varieties in China. It is important to detect the genetic relationships among these varieties. This will reveal the genetic background of the modern varieties in this region, and will also headlight setting up core collections in Chinese common wheat germplasm. A total of 74 microsatellite primers (covering the 21 wheat chromosomes) were employed to assay the genetic variation in 454 candidate core collections in this region. Total 992 alleles were detected, of which 268 were specific to A genome, 379 to B genome and 283 to D genome, and 62 couldn’t be located on specific chromosomes yet. The average genetic richness (∑Aij/loci) is 13.8.  For the A, B and D this indices were 12.8, 14.6 and 11.8, respectively. Their average genetic dispersion indices (Ht) were 0.719, 0.750 and 0.699, respectively. The B genome showed the highest genetic diversity among the three genomes.
To detect the genetic diversity changes of the modern varieties in this region in the past 50 years, the 454 accessions were grouped into six decadal groups based on released years.  Varieties released in the 1970s and 1980s had highest diversity, and their average genetic richness and average genetic dispersion indices were 7.9 and 10.3, 0.709 and 0.708, respectively, while the varieties in the 1950s showed the lowest diversity. The average genetic similarity (GS) in the 454 accessions is 0.329, ranging from 0.121 to 0.824. The GS changes in different decadal groups showed the genetic diversity in this region decreased before 1970s and increased after 1970s. Varieties released in the 1970s had the lowest GS (0.321). 
The dendrogram based on 992 alleles discriminated all of the 454 accessions. These accessions were separated into two big groups, GroupⅠand groupⅡ. Most of the modern varieties selected from the landraces directly clustered in groupⅡ. Most varieties sharing common breeding parents were clustered together in most cases. For example, Bima 1, Bima 4, Xiaoyan 6 Lovrin and their respective offspring often appeared in the same subgroups. Varieties with similar genetic characters were also usually clustered together. A typical example is that some varieties with early ripening, such as Xuyue 6, Zaofeng 1, Shannong 17 and Jizi 90-4014 were usually clustered together.

The selection of sampling strategy and sampling proportion is the key question for the development of core collections. Random sampling, sampling based on the dendrogram or decade-specific alleles are also evaluated in this research. Core subsets with 114, 152 and 227 accessions were selected by random sampling with sampling proportions of 25%, 33% and 50% can keep 712 (71.8%), 774 (78.0%) and 872 (87.9%) of the 992 alleles, respectively. Core subsets with 107, 166 and 229 accessions randomly selected based on the dendrogram can keep 765 (77.1%), 873 (88.0%) and 911 (91.8%) alleles of the 992. In the core subset with 58 accessions selected with decade-specific alleles can keep 955 alleles (96%) of the total variation. 
Analysis of Genetic Diversity of Japanese Plum Cultivars Based on RAPD, ISSR, and SSR markers

Yu-Shan Qiao, and Zhen Zhang 

College of Horticulture, Nanjing Agricultural University, Nanjing210095, China 

Japanese plum (Prunus salicina Lindl, Roseceae.) that originated in China where it has been cultivated for millennia and from where it was later introduced into Japan and America, is one of important fruit trees in China and other countries such as Yugoslavia, Romania, Germany, Russia, USA, Ukrainia, and so on. There are lots of plum cultivars in its native land, but the genetic diversity has little been studied. Molecular markers like random amplified polymorphic DNA (RAPD), inter-simple sequence repeats (ISSR), and simple sequence repeats (SSR), which detect multiple loci simultaneously, have become increasingly popular in other species of fruit trees, and were used to analyze the genetic diversity of 56 genotypes including 54 Japanese and 2 Europe cultivars (Prunus domestica L. cv. ‘Grand Rose’ and ‘Maoyekuli’) of plum. Twenty-four RAPD and ten ISSR primers, and twenty-one primer pairs of SSR from Prunus species such as peach (P. persica L.), sweet cherry (P. avium L.), and sour cherry (P. cerasus L.) were used, and 201, 86, and 102 bands were scored, respectively. The dendrograms of these cultivars was contructed according the Jaccard coefficient of similarity based on all information of RAPD, ISSR, and SSR markers . The results showed that a clear separation between Europe and Japanese plum cultivars was reflected. Among Japanese plum cultivars, a high genetic diversity was observed, and fifty-four Japanese plum cultivars can be classified into six groups: 1) ‘Qingcuili’, ‘Meiguili No.1’, ‘Taoli’, ‘Fugongqingpili’, ‘Tonghaijinshali’, ‘Jianghuangli’, ‘Xinghuangli’, ‘Xieli’, ‘Taipingguoli’, ‘Dahongli’, ‘Jimali’, ‘Sanhuali No.1’, ‘Wujixin’, ‘Jiangganli’, and ‘Jiaqingzi’, 2) ‘Niuxinli’, ‘Xingli’, ‘Xiaohuangli’, ‘Meilili’, ‘Wuxiangli’, ‘Lihe’, ‘Wanhong’, ‘Dazili’, ‘Shuiguoli’, ‘Qiuhongli’, ‘Yuhuangli No.1.’, ‘Yuhuangli No.2’, ‘Qiyueli’, ‘Qianpingli No.1’, ‘Taoyeli’, ‘Hongli’, ‘Huangpili’, and ‘Zuili’, 3) ‘Dahainiuxinli’, ‘Oishiwase’, ‘Big Oishiwase’, ‘Oishinakate’, ‘Yueguangli’, ‘Beauty’, ‘Friar’, ‘Black amber’, ‘Royal diamond’, ‘Eldorado’, ‘Red Beauty’, ‘Kaisijun’, ‘Queen’, ‘Santa Rosa’, and ‘Antezhuli’, 4) ‘Hongxinli’ and ‘Furongli’, 5) ‘Dalimei’ and ‘Zaozhuanghongli’, and 6) ‘Shuizhusi’ and ‘Zhuxieli’. All cultivars from America and Japan were grouped together (group No.3), whereas the majority of cultivars from southern areas and northern areas in China were clustered together, respectively. Therefore, the Japanese plum cultivars that originated in China could be classified into two groups: southern cultivars group (SCG, group No.1) and northern cultivars group (NCG, group No.2). In addition, the advantages of that three molecular markers such as RAPD, ISSR, and SSR be used to cluster analysis together were also discussed. The results suggest that the method used is a more effective tool for analysis of genetic diversity in plum.

Appraisement of the Possibility of the Redundance in Genebank and Evaluation of Genome Diversity in Homonynic Accessions

Yan Zhe, Guan Rongxia, Chang Ruzhen, Qiu Lijuan

Key lab of crop germplasm and Biotechnology, the Ministry of Agriculture; Instuitute of Crop Germplasm Resources , Chinese Academy of Agricultural Sciences,Beijing China ,100081

China has the most abundant collections of soybean in the world.  There are more than 23000 accessions of soybean germplasm resources stored in National Genebank. However, many of them are entitled the same name. Are there any homonymy, or are there any difference among them?  

In our work, accessions entitled the same name are defined as a group, 6 groups were selected from National Genebank.  At the meanwhile, some parents, relatives to there cultivars and some materials originate from the same province with the homonymic accessions were examined as CK.  A total of 13 agronomic traits and 60 core primers are used to analyze all materials. The data are analyzed to characterize differences between the homonymic accessions, to determine the evolutionary relationship between each other, and to compare the difference.  There are obvious differences between all homonymy accessions at both phenotypic and molecular levels.  Relatively, more differences were observed at the DNA level compared to the phenotypic level.  One of the 6 groups consisting 19 accessions named Mancangjin are selected had been analyzed.  23 pairs of SSR primers are used and detected 151 alleles with average 6.6 alleles per locus.  All of 19 accessions named Mancangjin can be differentiated by only 5 loci. The genetic relationship between each of all Mancangjins with supposed parents of Jinyuan and Huangbaozhu were compared, it is speculated that ZDD00078 and ZDD00924 are more conceivably derived from the cross between Huangbaozhu and Jinyuan.   The results indicated that there might be less redundancy, and it is valuable to store all of them in National Genebank.  Therefore each accession can be taken as different individuals and used to establishing core collection. 

Breeding New Wheat-Rye 1BL/1RS Translocation Lines

Yiwen Li1 ,Tianmin Shen2 ,Xu Jia1
1The State Key Laboratory of Plant Cell and Chromosome Engineering, Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, Beijing 100101, China; 2Nonghua Seeds Limited Company, Lankao, Henan 457300, China

Production of wheat germplasms with desirable agronomical characters is always a target of wheat breeding and wheat production. Considering the limitation of common wheat resource, rye, a relative of wheat, has been extensively employed in wheat improvement. Many of genes responsible for wheat disease resistance, stress tolerance and yield potential were successfully transferred to various wheat backgrounds. For improving wheat disease resistance and yield ability in china, a wheat-rye hetaploid, 1841, was screened from hundreds of wheat line based on disease analysis and agronomical trait investigation. Some 8 lines were selected for disease valuation and yield test form the progenies of the cross of line 1841 as female parent and a common wheat landrace 90-1 as a male parent. Disease analysis results indicated that all 8 lines possessed high resistance to stripe rust, leaf rust and powdery mildew. Their yield potential ranged from 680kg/mu to 750kg/mu from 1997-1999. Further cytogenetical evidences showed that all lines carried 42 chromosomes including a pair of wheat-rye 1BL/1RS translocation chromosomes in fluorescence in situ hybridization (FISH) experiments by using rye genomic DNA labeled with biotin-16-dUTP as a probe and common wheat Chinese Spring genomic DNA as a blocking. SDS-PAGE result of seed storage protein showed that the combinations of high molecular weight protein subunits of the lines were 1,7+9,2+12 or 1,7+9, 5+10. The presence of a secalin band specific to that of rye located on rye chromosome 1R short arm and the missing of gliadin bands controlled by wheat chromosome 1B short arm were observed in all 8 lines by Acid-PAGE analysis. Incubating 22 isolates of powdery mildew in wheat with one of the 8 lines, 906-4, we found that this line has resistance ability much different from common wheat line and wheat-rye 1BL/1RS translocation line which carried powdery mildew resistance genes in isolate identification test. All the result above suggested that the 8 wheat-rye 1BL/1RS translocation line had strong yield potential and disease resistance to stripe rust, leaf rust and powdery mildew, and they might carried a new gene resistant to powdery mildew on 1RS chromosome arm or a number of genes in wheat background responsible for their special powdery mildew resistanc

Core Collection Establishment and Its Genetic Diversity Analysis of Soybean Germplasm Resources in Shanxi Province

Zhuli, Guan Rongxia, Chang Ruzhen, Qiulijuan

Key lab of crop germplasm and Biotechnology,Chinese Agriculture Ministry;Instuitute of Crop Germplasm Resources ,Chinese Academy of Agricultural Sciences,Beijing China ,100081

There are 2282 accessions in Shanxi province, which own the most abundant soybean germplasm resources in China. And there are various types which almost represent different ecotypes from the north of Changjiang river.  It would be valuable to evaluate the genetic diversity of these accessions, and to establish the core collection of soybean in Shanxi province. The objective of the study was to analyze the genetic diversity of soybean in Shanxi province from both phenotypic level and molecular level by using SSR markers.  In this paper, a total of 327 accessions were selected to form the primary core collection from the whole collection of Shanxi province.  At the phenotypic level, we selected five quantitative characteristics and nine qualitative characteristics to evaluate the genetic diversity.  By t-test of the average diversity index (including Shannon-Weaver index and Simpson diversity index), there was no significant difference between the pre-core collection and the whole collection according to the analysis of quantitative characteristics except the growth time having reached significant level.  By χ2 –test there was also no significant difference between them according to the analysis of qualitative characteristics.  The results indicated that the primary core collection might be better representative the whole collection in Shanxi province.  On the other hand, we sampled 194 accessions from the soybean primary core collection, which composed of five different ecotypes: north spring soybean, northeast spring soybean, Huanghuai spring soybean, Changjiang spring soybean and southern spring soybean.  A set of 60 SSRs  core primers had been used to analyze these accessions in order to define the genetic relation of them on DNA level.  There are 5 to 12 alleles with averaged 8.6 alleles per locus, which is higher than that of the southern autumn soybean (6.45), and southern spring soybean (6.13)(Xiehua, 2002).  The results indicated that the soybean genetic diversity is comparatively higher in Shanxi province.

Establishment of Core Collection and Analysis of Genetic Diversity for Both Hunan and Hubei Soybean Germplasm Resources

Guan Yuan, Guan Rongxia, Qiu Lijuan, Chang Ruzhen

Key lab of crop germplasm and Biotechnology, Chinese Agriculture Ministry; Institute of Crop Germplasm Resources, Chinese Academy of Agricultural Sciences, Beijing 100081

Soybeans from both Hunan and Hubei provinces belong to the southern muti-corpping region.  Hubei situates on a belt of transition from south to north of china. The ecotype of soybean consists of southern spring sowing soybean and southern summer sowing soybean, and the dominant ecotype is southern summer sowing soybean.  Soybeans in Hunan were divided into three ecotypes, which include Changjiang River spring sowing soybean, southern summer sowing soybean and southern autumn sowing soybean.  The Changjiang River spring sowing soybean and southern summer sowing soybean are primary ecotype. They were valuable accessions of soybean germplasm resources.  In this study, 104 accessions of Hunan and 235 accessions of Hubei which be selected from the primary core collection in China were analyzed by SSR markers and morphological traits, which account for 18.77% and 14% in total collection of Hunan and Hubei respectively.

At present, 60 pairs of core SSR primers and 14 phenotype characteristics were applied to analyze the genetic diversity in 196 accessions.  By analysis of phenotypic characteristics, Simpson index of Hunan ranged from 0 to 0.776 with the mean value of 0.455, and Hubei varied from 0.025 to 0.874 with the mean value of 0.511.  The variation of cotyledon color, flower color and pubescence color is small, but the seed coat is more than other quality characters to the contribution of mean genetic diversity index.  Moreover, the oil content, protein content and plant height are more than other quantity characters to the contribution of mean genetic diversity index. Clustering analysis of 14 agronomic characteristics indicate that accession of similar seed coat color were clustered together.  A total of 443 alleles were detected among the accessions of Hunan and Hubei at 42 SSR loci. The average is 10.55 alleles per locus. A total of 425 alleles were detected in the accessions with the averaged 10.12 alleles per locus in Hubei while a total of 282 alleles with the averaged 6.71 alleles per locus in Hunan.  The relationships of soybeans in two provinces were differences evaluated with morphological traits and DNA markers; therefore, we will construct core collection based on both types of the data at the same time.

Generative Characteristics and in Vitro Multiplication of Resynthesized Brassica Napus 

LU Changming1 , ZHANG Bin2 , KATO Masahiro3, XIAO Lin1, SHEN Mingzhen1 
1Oilcrops research institute, China’s academy of agricultural sciences, Wuhan, China; 2Tianjin vegetable research institute, Tianjin, China; 3Agronomy Faculty, Ehime university, Matsuyama, Japan

Resynthesized lines of Brassica napus were obtained through crossing between C genome species (Brassica oleracea ) and A genome species (Brassica rapa) by means of ovule culture and colchicines treatment. Eighteen resynthesized lines were studied on their pollen fertility, seed fertility, self-incompatibility and crossability with natural B.napus. All the resynthesized lines produced no seed or very few seeds on anthesis self-pollination. They produced 3.6 seeds on average from one bud self-pollination, significantly lower than normal varieties of B.napus. However, considerably high seed set was observed in the crosses between natural and resynthesized B.napus in either cross direction: 9.9 seeds per pollination were obtained on average of 42 cross combinations, when resynthesized strains were used as male and 8.2 seeds were obtained on average of 26 cross combinations when resynthesized B.napus were used as female. Results indicated that all the resynthesized strains were self-incompatible and poor in seed set even by bud self-pollination. These properties made it difficult to maintain the new strains in normal way. Multiplication in vitro helped to maintain these lines. Twenty two sterilized seedlings from 22 seeds of 5 resynthesized strains were cut for explants into cotyledon, hypocotyl segments and shoot tips. All the explants were in same way pre-cultured on MS1（MS+2 mg/l 6-BA+0.5 mg/l NAA+ 5 mg/l AgNO3） for 10 days and transferred to MS2 （MS+2mg/l 6-BA+0.01 mg/l NAA）for 7 days and then transferred to MS3（MS+1 mg/l 6-BA+0.1 mg/l NAA）for regeneration. The shoots were rooted on MS4(MS+ 0.1 mg/l NAA)medium. Through two months of multiplication in vitro, 260 plants were obtained with the multiplication coefficient being 11.8 on average. Genotypes showed significant effect on multiplication coefficient.

Genetic Analysis of Petal Size Through Genomic Manipulation in Brassica
C.M.Lu1, B. Zhang2, M. Kato3
1China’s Oilcrops Research Institute, Wuhan, China；2Tianjin Vegetable Research Institute, Tianjin, China；3 Plant Breeding Laboratory, Faculty of Agriculture, Ehime University, Matsuyama, Japan 

The effect of genome composition and cytoplasm on petal size was studied in Brassica. Two accessions of Brassica rapa (2n = 20, AA) were reciprocally crossed with three accessions of Brassica oleracea (2n=18, CC) to produce resynthesized B. napus (2n = 38, AACC or CCAA) and sesquidiploids (2n = 29, AAC or CAA). Petal size was measured and compared among diploids (AA and CC), sesquidiploids (AAC and CAA) and amphidiploids(AACC and CCAA). Accessions of B. oleracea showed obviously bigger petal size (21.9±1.3 mm) than B. rapa (11.9±0.8 mm). Petal length of the amphidiploid lines (AACC or CCAA) ranged from 19.4 to 23.6 mm with no significant difference from B. oleracea (Table 1). The sesquidiploid lines ranged from 14.8 to 18.5 mm being intermediate between B. rapa and the resynthesized B. napus (Table 1). Analysis of variance　showed highly significant differences among genomic compositions (df=5, mean square=192.3٭٭), among cross combinations (df=2, mean square=17.7٭٭) and in interaction between genomic compositions and cross combinations (df=10, mean square=6.4٭٭)，indicating that petal size is a genome-dependent and highly hereditable character. The hereditability of petal length is 96.3%. Duncan s multiple comparison test showed that the addition of each C-genome to AA genomic background enlarged the petal length by 4-5 mm (Table 1). Further comparison made by a pair-wise t test between the reciprocal crosses revealed that cytoplasm had highly significant effect on the petal length (t=5.222**). Cytoplasm of B. oleracea contributed a positive effect on petal length by about 1.4 mm over that of B. rapa. Petal width was positively correlated with petal length at a highly significant level (r = 0.806, df = 81). 

	Table 1. Petal length (mm) in various genome compositions

	Parental Source
	Genome composition

	
	CCAA
	AACC
	CAA
	AAC
	AA
	CC

	C11 C11 and A15A15
	22.6
	20.6
	17.7
	16.4
	11.4
	23.3

	C13 C13 and A15A15
	23.6
	23.0
	18.5
	17.0
	13.1
	20.0

	C14 C14 and A16A16
	23.1
	21.8
	18.1
	16.7
	12.2
	21.6

	Mean
	23.1
	21.8
	18.1
	16.7
	12.2
	21.6


Genetic Diversity of Improved Wheat Varieties in Northwest Spring Wheat Region Revealed by AFLP

HAO Chenyang1，2, WANG Lanfen1, DONG Yusheng1, SHANG Xunwu2, ZHANG Xueyong1*
1Institute of crop Germplasm Resources, Chinese Academy of Agricultural Sciences/Key Laboratory of Crop Germplasm and Biotechnology, Ministry of Agriculture, Beijing 100081；2Gansu Agricultural University，Lanzhou  730070
AFLP (amplified restriction fragment polymorphism) is an efficient molecular marker system for identification of varieties and genetic diversity research. Fifty-six improved wheat varieties released in Northwest Spring Wheat Region were analyzed by AFLP. 352 polymorphic bands of total 1445 bands were amplified by twenty-four primer combinations , the range of polymorphic bands for average primer combination was 8-30. Polymorphic information content (PIC) for average primer combination was 0.22 , the change range was 0.11-0.44. For all primer combinations, five combinations (P35/M54、P66/M55、P35/M61、P42/M54 and P35/M49) showed PIC scores ≥ 0.30. Cluster based on the AFLP data was basically agreeable with the pedigrees of these varieties. At the same time, Correlation coefficient (r=0.86) between genetic distance matrices (Dice) based on the total AFLP bands and polymorphic bands indicated that all bands should be included in order to realistically reflect the genetic relationship among varieties. Multidimensional principal coordinate (PCO) analyses of these varieties based on the AFLP data showed that they can be clearly clustered into 5 groups, which is very help for further concentrating these varieties. However, these varieties could not be clustered into groups clearly in the PCO figure based on the field and botanic data. This showed the limitation of these data in revealing the genetic relationships among varieties. The low correlation coefficient (r=0.31) between matrices based on agronomic and botanic data and AFLP data revealed the limitation of the agronomic and botanic data in study of genetic relationship among varieties. It also revealed the necessity to employ the molecular data in genetic diversity research and construction of core collection.

Genetic Diversity of Rehmannia glutinosa .f. hueichingensis Hsiao Analyzed by Inter-Simple Sequence Repeats (ISSRs)

ZHOU Yan-Qing1, JING Jian-Zhou2，3 , LI Zhen-Yong2 Hao Jian2 , JIA Jing-Fen1
1College of Life Sciences, Northwest University, Xi’an 710069；2Postdoctoral Programme, Sino-American Biotechnology Company, Luoyang 471003；3Dept. of Biological and Biotechnology Tsinghua University,Beijing100084 

The identification of germplasm is an important step for effective utilization of the available germplasm while DNA molecular markers are promising tools to evaluate genetic diversity among germplasm. In this research, Inter-simple sequence repeat (ISSR), which was reported as a new source of genetic markers with high levels of polymorphism and reliability and reproducibility, was used to assess genetic diversity of Rehmannia glutinosa .f. hueichingensis Hsiao. Ten Rehmannia glutinosa .f. hueichingensis Hsiao individuals, including eight cultivars and two virus-free species micropropagated by tip tissue culture were used as materials. Huai Rehmannia glutinosa libosch genomic DNA, extracted from its fresh young leaves by CTAB method, was used as ISSR-PCR amplification template. At the beginning, by means of Primer ISSR6, the effects of main elements, i.e. temperature, Taq polymerase dosage, dNTP concentration , Mg2+ concentration, primer concentration and template DNA concentration on ISSR-PCR amplification were tested by single factor experiment, respectively, to determine its optimal levels and establish the following optimal reaction system for ISSR analysis in Huai Rehmannia glutinosa libosch : the 25-μl PCR reaction volume containing 1.5~1.0 U Taq DNA polymerase, 3.0 mmol/L Mg2+, 1 x Taq DNA polymerase buffer ( 10mmol/L Tris-HCl, 50mmol/L KCl, 0.1% Trion X-100, pH9.0 ), 60ng template DNA, 0.4μm mol/L primer, 0.4 m mol/L each of dATP、dGTP、dCTP and dTTP. Afterwards, with the above optimal PCR amplification conditions, a total of forty four ISSR primers were identified with polymorphisms, of which ten polymorphic and informative patterns were screened to determine their genetic diversity. Ten determined primers could amplify one hundred and ten bands. Based on these ISSR markers used in analyses by SPSS SOFTWARE and POPGENE32 SOFTWARE, Shannon's Information index (I) is 0.3577, effective number of alleles (Ne) is 1.4037, the percentage of polymorphic loci is 71.82 %; A Jaccard’s genetic similarity matrix and a dendrogram for 10 Rehmannia glutinosa .f. hueichingensis Hsiao individuals were formed. In this dendrogram, these ten individuals could be divided into two groups.Group1contained six individuals such as Zupei 85.5, Datian 85.5, Zupei 9302, Jinbai, 9104 and Datian9302;Group2 was composed of four ones such as Beijing No.1, Dahongpao, Jinzhuangyuan and wild dihuang. Furthermore, a DNA fingerprint based on the bands amplified with just one primer, ISSR6, was developed. In the fingerprint, each of ten individuals tested had its unique fingerprint pattern and was distinguished from each other. The results revealed that ISSR marker is suitable for DNA fingerprinting, identification and genetic analysis in Rehmannia glutinosa .f. hueichingensis Hsiaoin.

Genetic Diversity of Soybeans with Extreme Agronomic Traits from Different Eco-regions

Lixia Wang, Rongxia Guan, Ruzhen Chang, Lijuan Qiu

Institute of Crop Germplasm Resources, Chinese Academy of Agricultural Sciences, Key Lab of  Crop Germplasm & Biotechnology, Ministry of Agriculture, Beijing 100081

As an important crop for protein and oil, soybean originated and had greatest genetic resources in China. In this paper, 129 accessions were selected, which consisted with extreme agronomic traits selected from each of 7 eco-regions, and every eco-region had at least two samples for each of  both the highest and the lowest value of agronomic traits.  The traits include growth period, height, 100 seed-weight, content of protein, content of oils, and contents of important amino acids. These samples had been analyzed with 60 pairs of SSR primers distributed on 20 soybean linkage groups equably, which were used for core collection construction. The main purposes had three aspects: firstly, to identify the consistency of diversity evaluating between agronomic traits and DNA level that whether the accession has extreme value of agronomic trait also has its special DNA fingerprint; secondly, to estimate the whole collection at molecular level; and finally, except for finding new SSR alleles, to understand the variation existed among different ecotypes.  By using 30 pairs of primers, the result indicated that the accessions from same eco-region almost can be grouped together, but some novel SSR loci were found; and for most of the primers, this extreme population shows more alleles (with 9.3 average alleles per primer) than southern Autumn soybean (with 6.8 average alleles per primer) which has been considered to have higher genetic diversity than other eco-regions, this suggests that to a large degree, soybean had extreme agronomic traits also had special alleles in DNA level. The cluster analysis show that if 129 accessions were divided into 2 group, it is interesting to find that 2 accessions from Huanghuaixia soybean that had been selected by its highest and lowest protein content respectively were grouped together, while the other 127 accessions are in the other group, and further analysis are undergoing. We believe the detailed results for 129 accessions will be important both for soybean core collection construction and new genetic information mining after analysis with 60 pairs of SSR primers.       

Genetic Structure of Reaumuria Soongorica Population in Fukang Desert, XinJiang and its Relationship with Ecological Factors

XU Li, ZHAO Gui-fang

School of Life Science, Biodiversity Research Center of Mts. Qingling, Northwest University, 710069, Xi’an

Genetic structure and differentiation of Reaumuria soongorica population from the desert of Fukang, Xinjiang were assessed by means of random amplified polymorphic DNA（RAPD）markers. The results showed that the higher genetic diversity and the genetic differentiation existed in the population of Reaumuria soongorica generated by 15 primers. 136 individuals from seven subpopulations were sampled in the study. 71 loci have been detected and 69 were polymorphic. The mean proportion of polymorphic loci (PPB) was 97.18%. The analysis of Shannon information index (0.3075), Nei’s gene diversity (0.3127) and GST (0.3120) indicated that there were more genetic variations within the subpopulations than those among the subpopulations. The results of AMOVA analysis showed that 61.58% of the genetic variations existed within subpopulations, and 38.02% among the subpopulations. The gene flow among the subpopulations of Reaumuria soongorica (Nm=1.1028) was much less than that of the common anemophytes (Nm=5.24), so genetic differentiation among the subpopulations occurred to some extent. Additionally, through the use of clustering analysis and the correlation analysis, we found that the genetic structure of natural population of Reaumuria soongorica was related to some ecological factors (soil factors mainly) of the oasis-desert transition zone. The genetic diversity level of Reaumuria soongorica had the negative correlation with the content of soil total P and Cl- significantly (P<0.05), on the contrary, it had the positive correlation with CO32- significantly (P<0.05), showing that the distribution of the individuals of Reaumuria soongorica in sampling locations correlates with certain soluble salt. Furthermore, the genetic diversity of the natural population of Reaumuria soongorica increased with the decreasing of the content of soil organic matters, water, total N and total P in soil, suggesting that it has some relation with more potentiality of the genetic variation of desert plant in its long-term evolution to adapt worse environment. The paper concluded that the microenvironment ecological factors played the important role in the adaptive evolution of Reaumuria soongorica population 

Genetic Variation and Population Structure of the Rare and Endangered Acer Miaotaiense Assessed using RAPD Markers*

Li Shan, Zhao Guifang


School of Life Science, Biodiversity Research Center of Mts. Qinling, Northwest University, Xi'an, 710069

Acer miaotaiense P. C. Tsoong, an endemic species of China, is a rare and endangered species. Its distribution is limited only in the Qinling Mountains and surroundings. Only hundreds of individuals of this species were found in this region. Genetic variation and population structure was studied using RAPD in three samples of Acer miaotaiense from the south slope, north slope of Mts. Qinling and west Mts. Qinling. 128 loci were amplified from 39 individuals by 20 random primers. The statistics analysis showed that proportion of polymorphic loci was 53.13% in species level, 42.9%, 18.75% and 32.78% were in the populations of south slope, north slope of Mts. Qinling and west Mts. Qinling respectively, illustrated that genetic variability was low in this species, especially in the level of populations. Despite relatively large part (about 58%) of genetic variation existed within populations, genetic differentiation among populations (D=0.323; GST=0.4154) has been demonstrated by several statistics analysis in this study. Gene flow was small (Nm=0.7036), suggesting that genetic drift and inbreeding might be main factors influencing population genetic structure of Acer miaotaiense. The influence of Quaternary glacier might result in the formation of present disconnected habitats of Acer miaotaiense, while human activity might aggravate the loss of genetic diversity and occurrence of genetic differentiation among the populations. Some conservation measures were proposed to maintain the high degree of genetic variation in natural populations of Acer miaotaiense.

Genetic Variation and Relationship of the Summer Soybean Germplasm in China Revealed by SSR Markers

Xie Hua1,2, Qiu Li-juan1*, Chang Ru-zhen1  

1Institute of Crop Germplasm Resources, Chinese Academy of Agricultural Sciences/Key Laboratory of Crop Germplasm & Biotechnology, Ministry of Agricultural, Beijing 100081；2Beijing Research Center of Agro-Biotechnology, Beijing Academy of Agriculture and Forestry, Beijing 100089.  

*Corresponding author; e-mail: qiu_lijuan@263.net, Tel: 010-62186624, Fax: 010-62186629

In order to evaluate the genetic variation and relationship of Chinese summer soybean germplasm，a set of representative 67 SSR primer pairs were used to analyze the allelic profiles of the 158 accessions from Chinese core soybean germplasm. Relatively high genetic diversity was found in Chinese summer soybean. The 414 alleles with an average of 6.18 alleles and 418 alleles with an average of 6.24 alleles per locus, a mean genetic diversity index of 0.708 and 0.687, a mean genetic similarity of 0.298 and 0.284 were detected in 80 accessions of Huang-huai and 78 southern summer soybean investigated respectively. The difference between the two populations was more significant with a mean genetic similarity of 0.234。 χ2  test showed that the distribution of allele frequency of 51 (76.12％) of all the loci detected between the two populations was significantly different at 0.05 level and 48（71.64％）of them is greatly significantly different at 0.01 level, suggesting that huang-huai and southern summer soybean populations were two different germplasm pools. UPGMA cluster analysis of the DICE similarity data divided all the accessions studied into three groupsone cluster with only two accessions (7599 huanghuai from Zhangjiakou, Hebei province and Moheheidou from Yunnan province), one with all the southern summer soybean except two accessions (Huichabayuedou from Zhenan, Shanxi province and Ludou2 from Shandong province),one with all the other huang-huai summer soybean, and each cluster also reflected geographic origin and pedigree relationship at a higher degree. Relatively high genetic variation and clear genetic relationship in and between the two populations indicated that they can be used as the genetic resources to enlarge the genetic base of the Chinese released cultivars.

Localization of the Agropyron Elongatum Chromosome Fragments in Somatic Hybrid Wheat F5 II-1-3 using FISH, GISH and SSR

Fengning Xiang, Jin Wang, Guangmin Xia*

School of Life Sciences, Shandong University, Jinan 250100, Shandong, China  

*corresponding author: Tel 0531-8564525 E-mail xiagm@sdu.edu.cn                                                                                               

Fertile hybrid F5 linesⅡ-1-3 via UV-fusion between common wheat c.v. Jinan177 and Agropyron elongatum. Statistics of chromosome numbers of hybrid root tips showed that 86.59% of cells contained 40-42 chromosomes. The chromosome association in PMC MI was mainly 20-21 pairs of bivalent with 89.83% of ring forms.  

FISH analysis on Jinan177 and II-1-3 using D group speciefic pSc119.2 and B group speciefic pAs1 probes revealed that 7 pairs D and 7 pairs B chromosomes were  in Jian177 and II-1-3. Each chromosome can be identified by FISH and Karotype.  

FISH with pSc119.2 and pAs1 probes combined GISH were used for the localization of the A. elongatum chromosomal fragments in the F5 II-1-3. The following combinations were designed. (1) GISH＋B, (2) B+GISH, (3) GISH +D, (4) D+GISH, (5) B+GISH+D, (6) D+GISH+B. The results showed that six GISH hybridization signals are 1B, 1D, 2A, 2D,5B and 6D respectively. Analysis of GISH with karotype identified that GISH hybridization signals exited in 1BL、1DL、2AL、2DL、5BS、and 6DS chromosomes and the distances (%) from the centromeres to the hybridization sites are 72.45±11.12、69.23±15.33、75.54±10.12、72.88±14.02、50.89±12.45 and 20.63±13.57 respectively.
The location above were further identified by SSR analysis using specific primers of 2A、5B、2D and 6D. The results revealed that A. elongatum DNA exited in the similar site of 2A、5B、2D and 6D chromosomes which accorded with FISH and GISH results. .
The origin of fragments inserted in II-1-3 was investigated using OPF-031296 as FISH probe. The results showed E group of the A. elongatum were detected in II-1-3. 

It is very difficult to locate the genetic meterials of introgression into wheat and other somatic hybrids and our work has provided a efficient method.  

Molecular Cloning and Phylogenetic Analysis of the S-RNase Genes from Almond (Prunus dulcis Mill.) Cultivars in China

Jiang Yuan-Qing1  Ma Yan1,2  Yang Bo1  Xie Hua1  Rong-Cai Ma1*
1Beijing Agro-Biotechnology Research Center, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100089, P. R. China; 2 Present address: Beijing Forestry University, Beijing, China.  *corresponding author; e-mail: rcma1@yahoo.com, Tel: 86-10-51503831, Fax: 86-10-51503980

Almond (Prunus dulcis Mill. syn. Amygdalus communis L. var. dulcis) is a self-incompatible fruit tree in the family Rosaceae, which display gametophytic self-incompatibility (GSI). GSI is controlled by a single multiallelic locus (S locus), consisting of a pistil S-RNase gene and a pollen S gene which has been newly identified as an F-box gene. Two sets of primers were designed according to the conserved regions of Prunus S-RNase genes. 26 different partial genomic sequences of the RNase alleles were amplified, cloned and sequenced from 20 almond major cultivars in China, and were named from S50-RNase to S75-RNase. The coding regions of these gene sequences were deduced from the exon/intron splice junction sites of all alleles followed the GT/AG consensus sequence rule. These 26 S-RNase gene sequences all consist of two exons and one intron. The lengths of deduced amino acid sequences range from 53 aa to 184 aa, depending on the PCR primer set used, and the lengths of introns range from 161 bp to 1525 bp. In the relatively longer S-RNase sequences amplified, exist regions coding for the five conserved domains (C1-C5) and the hypervariable region (RHV), and the introns contained a high proportion of A+T nucleotides, whereas the partial sequences of the exons contained a higher proportion of C+G.

Based on the deduced amino acid sequences, the phylogenetic tree of 84 S-RNases from Rosaceae species was constructed. The tree can be divided into two major clades, and the S-RNases of the Prunus species and those of the genera Malus and Pyrus formed two distinct groups on the phylogenetic tree. Our 26 S-RNase form 12 sub-clades in the clade of Prunus species. One of the S-RNase homologous sequences isolated from Chinese cultivars formed the out-group of Prunus S-RNases in the phylogenetic tree and might be a common ancestor of these Prunus S-RNases .

PCR using primers designed from the intron sequences of specific alleles of Chinese almond are being performed to identify S-genotypes of almond cultivars in China. Our work will be useful for marker-assisted selection in the breeding of almond.
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Morphological and Molecular Relationships among Varieties of Brassica Napus

Sheng-yi Liu *, Wei Yang, Hang-zhong Wang , Xue-lan Guo 
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Twenty originally different varieties and twenty selfed lines from a two-year open pollination population were studied by RAPD and morphological investigation. We found that the open pollination population has tremendous segregation or variation among its selfed offsprings. Morphological or agronomical characters included leaf colour, leaf shape, plant shape, flowering dates and duration, first branch number, total branch number, branch height, plant height, main inflorescence length, pod number, seed weight per 1000 seeds and seed yield per plant etc. Clustering analysis based on data of RAPD and these characters showed that different similarities among these varieties or lines were revealed by two kinds of data. Closer varieties in origin had higher similarity based on RAPD data. However, morphological clustering did not reveal their original relations. A PCR primer combination could clearly distinguish a variety from others tested. 

Photoperiod Regulates the Expression Pattern of GmNMH7 during Floral Development of Soybean
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Soybean [Glycine max (L.) Merrill] is a typical short-day plant (SDP), and some photoperiod-sensitive varieties can give rise to flowering reversion after the transfer from short days (SD) to long days (LD). In our laboratory, a novel experimental system consisting of 3 photoperiod treatments (SD, LD, SD13d-LD) and developmental states (flowering, continuous vegetative growth, and flowering reversion) was established by using a late soybean variety Zigongdongdou (ZGDD) as material. This system can be used for studying the mechanism of photoperiod responses of SDP. In the present study, GmNMH7, a soybean homologue of NMH7 gene, was cloned with plaque hybridization from ZGDD mature flower cDNA library by using MADS-box conservative sequence as probe. The expression pattern of GmNMH7 in shoot apical meristem (SAM) of ZGDD under three different photoperiods was observed with RNA in situ hybridization. Similar work was also done in some young vegetative organs including trifoliate leaves, stems and nodules. Main results are summarized as follows:

The flowering induction, floral initiation, blooming and fruiting of ZGDD plants were promoted by SD treatment. The expression of GmNMH7 could be detected in SAM before the observable floral formation, and during the course of flowering induction, differentiation and further development of floral organs, and seeds formation in soybean.

In LD treatment, ZGDD plants kept their vegetative growth and did not produce any floral organs. No transcription of GmNMH7 was detected in SAM in LD condition before the end of the experiment. Inflorescence reversion was found in over 60% of plants and short terminal racemes were produced in other plants in SD13d-LD treatment. All these plants bloomed much later than those in continuous SD. The amount of GmNMH7 transcripts in SAM was progressively reduced along with the increase of days of LD in plants that would produce reversed inflorescences. When SAM resumed to differentiate trifoliate leaves, no expression of GmNMH7 could still be detected. The expression of GmNMH7 in SAM was kept in SD13d-LD plants with short terminal racemes but the amount was less than that in continuous SD. 

No distinctive and regular pattern of GmNMH7 expression was found in young trifoliate leaves, young stems, and nodules at certain developmental stages, possibly because of the limited data. The expression of GmNMH7 in these organs needs further investigation.

Expression of GmNMH7 before the observable floral organogenesis provided an early evidence of flowering induction in soybean. The fact that GmNMH7 expression in SAM was controlled by photoperiods indicated that GmNMH7 gene might play some roles in flowering induction and floral development of soybean. We postulate that GmNMH7 functions like a meristem identity gene during the process of flowering and photoperiod responses in soybean.

The results of this study also proved that the novel experimental system described above is effective and reliable for the study of photoperiodic responses and ontogeny of soybean.
Primary Detection of Genetic Diversity between Huanghuai and Southern Summer Soybean

Li Linhai1,2, Guan Rongxia1, Chang Ruzhen1, Qiu Lijuan1
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China owns the most soybean resources (up to 23587) in the world. There are 11597 accessions of Summer sowing soybean, accounting for 49% in Chinese soybean germplasm.  Chinese Summer sowing soybeans were divided into 2 different ecotypes: southern summer soybean and huanghuai summer soybean.  It would be valuable to evaluate the genetic diversity of these accessions. 

In this experiment, 187 accessions from southern summer soybean and 181 accessions from Huanghuai summer soybean were analyzed for their genetic diversity, furthermore, comparison would be processed between these two groups. A total of 15 agronomic characteristics and 60 core SSR loci were used to analyze genetic diversity among 368 summer accessions.  

Genetic diversity were compared between huanghuai summer soybean (HH) and southern soybean (ST) by both simpson (PIC) and shannon-weaver (H’) indexes for 15 agronomic characteristics.  The results indicated that HH had higher genetic diversity than that of ST for both indexes (PICHH=0.532＞PICST=0.484; H’HH =0.989＞H’ST =0.870 ).  
A total of 111 alleles were detected with 10 primers among the accessions.  The locus of satt431 has most alleles (17), and sct-188 only 2 alleles.  The average is 11.1 alleles per locus among the accesions.  The higher genetic diversity was also observed at the DNA level for HH (H’HH=1.560＞H’ST=1.536; PICHH=0.710＞PICST=0.689).  Therefore, we can draw the same conclusion, which Huanghuai summer soybean is more abundant than southern summer soybean in genetic diversity in both agronomic characteristics and SSR markers.The results privide the very important information for establishing Chinese collection and studying origin of cultivated soybean.

Relationship between Differential Gene Expression Patterns in the Root of Jointing Stage and Heterosis in Agronomic Traits in a Wheat Diallel Cross

WANG Zhang-kui, NI Zhong-fu, MENG Fan-rong, WU Li-min, XIE Xiao-dong, SUN Qi-xin
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The patterns of differential gene expression in roots between hybrids and their parent inbreds in a wheat 4×5 diallel cross were analyzed by using differential display. In order to ensure the creditability, duplicated PCR was conducted. By using 15 primer combinations, a total of 1241 bands were displayed, and 79.97%(992 out of 1241) can be repeated, which showed DDRT-PCR was a useful technique for gene expression analysis. Four types of differential expression patterns were detected between hybrids and their parents: 1) bands expressed in both parents but not in F1 (W1); 2) bands expressed in one parent but not in F1 and another parent (W2); 3) bands expressed only in F1 but not in both parents (W3); 4) bands expressed in one parent and F1 but not in another parent (W4). Relationships between differential gene expression patterns and performance of hybrids and heterosis were evaluated by using data for DDRTs and 10 agronomic traits. The analysis showed that: W1 was negatively correlated with performance of plant height. W1 and W3 were positively correlated with performance of root/shoot. Patterns of differential gene expression were found to be significantly correlated with heterosis: W1 was positively correlated with heterosis in spike length, biomass and root/shoot, W2 was positively correlated with heterosis in spike length and biomass, W3 was found to be positively correlated with heterosis in root/shoot, and W4 was positively correlated with heterosis in 1000-kernel weight. These results indicate that differential expressed genes play an important role in heterosis.

Requirement of KNAT1/BP for the Development of Abscission Zones in Arabidopsis
Xiaoqun Wang1, Weihui Xu1, Ligeng Ma2, Yonghong Wang1 , Zhiming Fu1, Xinfang Liu1 , Xingwang Deng2 and Jiayang Li1 *
1Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, Beijing 100101, China；2Peking-Yale Joint Center of Plant Molecular Genetics and Agrobiotechnology, College of Life Sciences, Peking University, Beijing 100871, P. R. of China  and Department of Molecular, Cellular and Developmental Biology, Yale University, New Haven, CT 06520, USA

KNAT1, a member of the Class I KNOX homeobox gene family, has been suggested to play an important role in the meristem development and leaf morphogenesis. Recent studies have demonstrated that KNAT1/BP regulates the inflorescence architecture by affecting the pedicle development in Arabidopsis. However, its precise roles for plant development remain to be elucidated. We described here the characterization of an Arabidopsis T-DNA insertion mutant that shares considerably phenotypic similarity to the previously identified mutant brevipedicle (bp-1). Molecular and genetic analyses showed that it is allelic to bp-1 and the T-DNA is inserted in the first helix of KNAT1 homeodomain (HD). Although the mutation causes a typical abnormality including short pedicles, propendent siliques, and semi-dwarfism, it has little effect on the phenotype in vegetative stage. Cell morphological study showed that asymmetrical cell division and prohibited cell elongation lead to downward-pointing and shorter pedicles. Loss-of-function mutations in KNAT/BP results in the abnormal development of pedicle and silique abscission zones (AZ). Microarray analysis of gene expression profiling suggests that KNAT1/BP may involve in hormone signaling and hormone metabolism to regulate the AZ development in Arabidopsis.

Screening Novel Gene of Lacking Βsubunit or 28K Based on Establishing Core Collection of Good Quality Accessions in China

Qiu Lijuan, Guan Rongxia, Liu Zhangxiong, Chang Ruzhen

Key lab of Ministry of Agriculture, Crop Gersmplasm & Bitotechnology, Institute of Crop Germplasm Rerources, CAA S, Beijing 100081. qiu_lijuan@263.net

Soybean is one of the important sources of plant protein and oil in China, but the imported soybean influenced its production, because foreign soybean seeds have good quality compared to Chinese soybean seeds.  One strategy to solve the problem is to develop cultivars with good quality.  Therefore, it is urgent to identify parental accessions with good quality for soybean breeding.  In this study, 109 accessions from the establishing high-protein and high-oil subcollection and 66 accessions randomly sampled from reserved collections were identified for protein subunits and sensitive protein of 28K and 30K.  The purpose was to test availability of the good quality core collection and provide the information for establishment of sub-collection of the targeted trait.  The result indicated that no accession with lacking 30k was found.   The ratio of accessions with good quality for either lacking 28K or high 11S/7S in good quality collection was higher than that in reserved collection. The first lacking β accession was found in cultivated soybean of the good quality core collection. Compared to high-protein core collection and high-oil core collection among different ecotype regions, the different changing trends of good quality accession with lacking 28K or 11S/7S ≥2.5 were observed.  Therefore, good quality core collection is the important source of raising identification rate and finding novel gene of good quality.  

Studies on Gene Location of Male Sterile Lines of Wheat with Ae.bicornis Cytoplasm

SHAO Jing-xia , ZHANG Gai-sheng,  LIU Hong-wei,  WANG Jun-wei 

Key laboratory of crop Heterosis, Shaanxi Province, Northwest Sci-Tech University of Agriculture and Forestry, Yang Ling  Shaanxi  712100, China 

Since Kihara (1951) found the first male sterile line of wheat, the different male sterile types About 40 wheat with different cytoplasms, such as T.timopheevi, Ae.kotschyi, Ae.variabilis and Ae.ventricosa cytoplasms etc, have been found or cultivated. However, with the difficulties of the limited restoration sources, the wrinkled seeds and the low germination ability encountered in sterile cytoplasm of T. timopheevi, and the problems of a certain rate of haploid and a great variation in the restoring degree appeared in the male sterile lines of 1BL/1RS wheat with Ae.kotschyi, Ae.variabilis and Ae.ventricosa cytoplasms, they have not been widely utilized to production so far. Therefore, it is very necessary to make further efforts to find new sources of male sterile cytoplasmic resources. 

Using the alloplasmic wheat variety, namely (Ae.bicornis)-Chris (introduced from USA) as the cytoplasm donors and the 1B/1R translocation line 77(2) as nucleus donors, the male sterile line of wheat with Ae.bicornis cytoplasm was bred by crossing and repeated substitution backcrossing. The study indicated that there are both good restoration sources and good maintenance line of the male sterile line of wheat with Ae.bicornis cytoplasm.

In this study, the four sterile lines of different nuclei genotypes with the same cytoplasm of Ae.bicornis, ms (bicor)-83（37）65、ms (bicor)-Yanshi 9、ms (bicor)-80（6）and ms (bicor)-90-110, were selected as the materials tested. The fertility gene location of the male sterile line of wheat with Ae.bicornis cytoplasm was made by Chris 1B monosomic and Chiese Spring 1B01DIV nulli-tetrasomic analysis. It revealed that there was a major restoring fertility gene against Ae.bicornis cytoplasm on the chromosome 1B of Chris. Other chromosomes, except 1B of Chris, have no major fertility-restoring gene. But it couldn’t eliminate the possibility of the modify genes which can exhance the fertility and the inhibiting genes which reduce the fertility except 1B of Chris.

In addition, the transmission of gamete of F1 hybrid from the male sterile line of wheat with Ae.bicornis cytoplasm and some restoring lines were investigated. It is showed that the transmission rate both the male and female 1BL/1RS gamete were less 50%, and the 1BL/1RS gamete was obviously lower than 1B gamete in transmission, and the 1BL/1RS male gamete  transmission rate was even much lower. The reason may be because the interaction of 1BL/1RS translocation chromosome and alien cytoplasm.

Studies on Genetic Diversity of Primary Core Collection of Chinese Landrace Rice (Oryza sativa)

SUN Jun-li, WANG Mei-xing, ZHANG Hong-liang, ZHANG Dong-ling, QI Yong-wen,WANG Xiang-kun and LI Zi-chao * 

Key Lab of Crop Genomics and Genetic Improvement, Ministry of Agriculture; Key Lab of Crop Genetic Improvement, Beijing, China Agricultural University, Beijing, 100094, P. R. China       *Author for correspondence, E-mail: lizichao@cau.edu.cn

The distribution of genetic diversity and differentiation between Oryza sativa L. ssp. indica and O. sativa L. ssp. japonica, paddy rice and upland rice, glutinous rice and nonglutinous rice were studied, using 36 microsatellite primers and 2708 accessions sampled from the primary core collection of Chinese landrace rice. The sample distributed in 6 rice zones and 29 provinces.

The results showed that the genetic diversity of indica was higher than that of japonica at DNA level. The genetic diversity of paddy rice was higher than that of upland rice. The genetic differentiation between paddy rice and upland rice in indica and japonica were independent relatively. The genetic diversity of glutinous rice was higher than that of nonglutinous rice. Remarkable differentiations between glutinous rice and nonglutinous rice were only checked at a few loci and chromosomes. The genetic differentiation between paddy rice and upland rice and between glutinous rice and nonglutinous rice were primarily considered parallel.

The genetic diversity of 2708 accessions descended from southern to northern geographically. Three zones, i.e. South China double rice cropping zone, Central China double and single rice cropping zone and zone of single and double rice cropping in the plateau of Southwest China, were with higher genetic diversity in 6 rice zones. The zones with highest and smallest genetic diversity lay in South China double rice cropping zone and Northeast China early maturing and single rice cropping zone respectively. The genetic diversity of Indica was higher than that of Japonica in each zone in which both indica and japonica exist. In the 15 rice subzones, the subzones with higher genetic diversity were subzone of single rice cropping in South Yunnan river valley and basin, subzone of double cropping for single rice crop in Yunnan-Sichuan plateau ridge valley, subzone of double rice cropping in Fujian-Guangdong-Guangxi- Taiwan plain and hilly areas, subzone of double rice cropping in hilly and plain areas south of the Yangtze River, subzone of single and double rice cropping in East Guizhou-West Hunan plateau mountainous areas. The provinces with higher genetic diversity and small differentiation include Yunnan and Guizhou. The genetic diversity of landrace rice in Ningxia, Beijing, Neimeng, Xingjiang were very small. Finally, we can consider that the center of genetic diversity of Chinese landrace rice at DNA level lay in Yunnan. The distribution of the differentiation between indica and japonica, between paddy and upland rice and between glutinous and nonglutinous rice were consistent in rice zones. The zone with bigest differentiation between paddy and upland rice, between glutinous and nonglutinous was Northwest China single rice cropping zone in dry areas.

The Study of the Genetic Structure and Differentiation of Petrosimonia Sibirica Populations in Oasis-desert Transitional Tone in Fukang, Xinjiang

WANG Yi-ling1,2, XU Li1, YAN Gui-qin2, ZHAO Gui-fang1
1School of Life Science, Biodiversity Research Centre of Qinling Mt,Northwest University, Xi’an, 710069；2Department of Biology, Shanxi Teachers University, Linfen, 041004.

Population genetic structure and genetic diversity were studied using RAPD in five samples of Petrosimonia Sibirica in Fukang, XinJiang. The results showed that amplification of 14 random primers detected 76 of 77 loci were polymorphic. The mean proportion of ploymorphic loci (P) of P. Sibirica was 98.7%. It showed the higher genetic diversity existed in the subpopulations of P. Sibirica. Furthermore, the study discussed the Shannon information index (HPOP /HSP =0.6933), Nei gene diversity index (HS /HT =0.6948) and gene differentiation index (GST=0.3052). The analysis presented that the ratio of molecular variation was over 30% among subpopulations and about 70% within subpopulations. Therefore the genetic differentiation had happened among subpopulations of P. Sibirica. On the other hand, the gene flow of P. Sibirica  (Nm=1.138) was less than that of cosmopolite species (Nm=1.881), and much lower than that of of Caragana spp. populations over Maowusu sandy grassland (Nm =5.9529). Additionally, through the correlation analysis, the relationship between the genetic distance of P. Sibirica and latitude, longitude and altitude was not significant. It showed the geographical difference was not one of the potential factors, which affected the genetic differentiation of P. Sibirica. At the same time, the soluble salt in soil of the oasis desert transitional tone might play a role in maintaining the genetic diversity of P. Sibirica. The paper indicated that the mean proportion of ploymorphic loci （P）and Nei gene diversity index (H) of P. Sibirica had the remarkably negative relationship (p<0.05) with the total K and Cl- in soil respectively. Moreover, it was observed that the frequencies of 21 from 77 alleles determined highly related with the corresponding ecological factors. And it implied these loci were sensitive to the environmental factors by any possibility. Above analysis showed that although much of genetic variation existed within the subpopulations, the genetic differentiation occurred among subpopulations. The natural selection may have a determinate effect on keeping the genetic variation and differentiation of the subpopulations of P. Sibirica.

抗玉米矮花叶病两个显性互补基因的功能分析
吴建宇﹡, 杜彦修, 丁俊强, 许延波  
河南农业大学农学院 河南郑州 450002  ﹡通讯作者: wtong@public2.zz.ha.cn 

四一是通过连续三年的玉米矮花叶病抗性鉴定而筛选出的一份综合农艺性状优良、配合力较高的优异抗病自交系，该自交系表现为全生育期抗病，来源于杂交种78698，以之分别与唐四平头、旅大红骨、Reid和Lancaster等类群的自交系组配，都筛选出了较强优势的组合。继而通过连续两年的抗病遗传研究发现自交系四一中存在两个显性互补基因控制抗病性状。为了进一步了解两个抗病基因的表达情况，实验通过对四一×MO17 F2群体的两年田间抗性观察并结合单株基因型的分析，对两个基因的功能进行了初步探讨。
材料与方法：田间种植了抗病亲本四一、感病亲本MO17、四一×MO17、F2、、BC1、 BC2等六个世代，通过田间人工接种对六个世代群体每个单株的抗性进行鉴定，利用与抗病基因紧密连锁的微卫星标记对F2群体的每个单株基因型进行分析，用以研究抗病基因的功能。
结果与分析： 2001年成株期调查确定为感病类型的100个单株中，在接种后7天第一次调查时发现有67个单株可以明确抗感，其中有34株为抗病类型，33株为感病类型。对67个单株的基因型进行分析，发现在34个抗病的单株中，有27个单株在第六条染色体上的引物bnlg1600的标记结果是属于抗病类型，而第三染色体上的基因型分析结果属于感病类型；第一次调查感病的33个单株中，有28个单株第六染色体的引物bnlg1600基因型分析结果属于感病类型。对整个生育期抗病的193个单株进行基因型分析，第三和第六染色体都存在抗病基因；2002年采用了连续跟踪调查，成株期调查确定为感病类型的138个单株中，接种后5天抗病的33个单株第三染色体上没有抗病基因而第六染色体上存在抗病基因，对接种后5天发病的38个单株进行基因型分析，发现其中30个单株第三染色体上有抗病基因而第六染色体上没有抗病基因。在成株期调查为感病类型，但感病较轻的46株，分析其基因型发现，其中32株为第三染色体上有抗病基因而第六染色体上没有抗病基因。其它感病较重的92株，分析其基因型发现其中存在两种类型，一种类型是第三染色体上没有抗病基因而第六染色体上有抗病基因，第二种类型是第三染色体和第六染色体都没有抗病基因。整个生育期都抗病的109个单株通过基因型分析，发现第三和第六染色体都存在抗病基因。
讨论：连续两年的跟踪调查结合F2群体的标记分析初步发现，抗病自交系四一中第三、第六染色体上的抗病基因都参与了抗性表达，但两个抗病基因的作用不同。第六染色体的抗病基因位点与早期抗性有关，而第三条染色体上的抗病基因位点参与了后期的抗性表达，两个基因同时作用，共同参与了全生育期抗病的表达。课题组正在通过构建近等基因系进一步验证上述结论。
Phylogeny of the Athyriaceae：Evidence from Chloroplast TrnL-F Region Sequences

Wang Ma-Li , Zhao Gui-Fang  

College of Life Sciences, Northwest University, Xi’an 710069 China  

The family Athyriaceae is a large and complex taxon. The phylogenetic relationships among the genera are not well understood, which makes the classification of the Athyriaceae confused. Their systhematic position of Neoathyrium crenulatoserrulata, Kuniwatssukia，Pseudocystopteris, Diplaziopsis, Allantodia and Callipteris are controversial.
In this paper, we obtained nucleotide sequences of the chloroplast trnL-F regin sequences from 34 taxa in the Athyriaceae and 3 taxa in other groups.

 Dryopteris goeringiana (Kunze) Koidz., Arachniodes setifera Ching, and Asplenium pseudolaserpitiifalium Ching were selected as outgroup taxa, based on the previously published broad-scale analysis. 

Total DNA was extracted from leaf tissue using the CTAB method. Polymerase chain reaction (PCR) using the “c” and “f” PCR primers described by Taberlet et al. and “c” primer was modified. The primer sequences are: “c”; 5’-CGGAATTGGTAGA CGCTACG-3’, and “f”; 5’-ATTTGAAC

TGGTGACACGAG-3’.The PCR products were separated by agarose gel electrophoresis, and purified with GFXTM PCR DNA and Gel Band Purification Kit, Directed sequencing was performed by using a BigDye Terminator Cycle Sequencing Reading Reaction Kit and an ABI 377 DNA sequencer.

Sequences were alignied using ClustalW and further modified manually. Phylogenetic analyses were performed by the maximum parsimony (MP)and neighbor joining (NJ) method.

Our analyses aim to address the following questions: (1) Is it congruent the result of the rbcL gene sequences analyses and the result of the trnL-F regin sequences analyses? (2) Is Cornopteris crenulatoserrulata more closely related to Athyrum or Cornopteris, perhaps is it Neoathyrium? (3) Should kuniwatsukia be included in Athyrium? (4) Do Diplaziopsis and Diplazium form a clade? (5) Should Allantodia, Callipteris be inclouded in Diplazium? (6) How many subfamilies are in the Athyriaceae?

The phylogenetic relationship was inferred using the neighbor-joining and maximum-parsimony methods, and both methods produced largely congruent trees. These trees reveal that: (1) The result of the trnL-F region sequences analyses and the rbcL gene sequences analyses are largely congruent; (2) Neoathyrium crenulatoserrulata  (Makino.) Ching & Z. R. Wang should be moved to the Cornopteris Nakai; (3) Pseudocystopteris Ching and Kuniwatssukia Pic. Serm. should be in the Athyrium Roth; (4) Diplaziopsis C. Chr. is included in the Diplazium Sw. clade; (5) Allantodia R. Br., Callipteris Bory should be included in Diplazium Sw.. (6) Athytiaceae can be divided into five subfamilies:Cystopterioideae, Athyrioideae, Deparioideae, Diplazioideae and Rhachidosorioideae.

中国不同类型春大豆遗传变异规律研究分析
李伟，关荣霞，常汝镇，邱丽娟
中国农业科学院作物品种资源研究所，农业部作物种质资源与生物技术重点开放实验室

中国春大豆包括东北春大豆、北方春大豆、长江春大豆、黄淮春大豆及南方春大豆五种类型，主要分布在黑龙江、吉林、辽宁等23个省，其中，东北春大豆区作为全国最大的产区及大豆的主要出口基地，出口量约占全国90％以上,由此可以看出，中国春大豆种质资源的收集、保存、评价利用改良具有极其重要的现实意义。
本试验以全国5种不同类型春大豆的初选核心种质作为选材来源，按15％的比例进行选择，利用15个农艺性状及60个SSR核心引物，对所选材料进行SSR分子标记和农艺性状数据分析，目的是阐述春大豆的遗传多样性，建立春大豆的核心种质，并结合材料来源地的气候环境，地理水文、地形地貌，经纬度等因素，研究春大豆的遗传变异规律，比较不同类型春大豆的亲缘关系，为开发和利用新的育种亲本选择提供必要的信息和理论根据。
通过对不同类型春大豆的农艺性状的多样性分析，发现春大豆的农艺性状具有地域性分布特征：北方春大豆的结荚习性以无限型品种居多，往南有限型品种增加，长江以南有限型品种占绝对优势；叶形东北以椭圆叶为主，黄淮海流域以卵圆叶为主，长江流域以椭圆叶为主，其中春豆卵圆叶较多。对农艺性状与分子标记数据进行对比结果表明，材料间的遗传关系既有相同的趋势，又有各自不同的特点。因此，我们认为应将表型和分子标记数据综合考虑来构建春大豆的核心种质。 
Genetic Screening and Functional Characterization of the Arabidopsis Suppressors of Pag22/ipt8 Mutants which Are Insensitive to Cytokinin Overproduction

Jiaqiang Sun , Jianru Zuo

Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, 917 Datun Road, Beijing 100101, China.  Email: jqsun@genetics.ac.cn, jrzuo@genetics.ac.cn  

Cytokinin is a key regulator implicated in many aspects of plant growth and development. Compared to signaling mechanisms of other hormones and light, cytokinin is still the least well-understood plant hormone regarding its biosynthesis, interconversion, transport, metabolism, perception, and signal transduction. Recent studies suggested that cytokinin perception and signal transduction may use a mechanism similar to that of the two-component system originally found in lower organisms. We have previously reported the characterization of pga22/ipt8, a conditional gain-of-function mutation that caused the overproduction of cytokinins which, in turn, evoked typical cytokinin response (Sun et al., Plant Physiol. 131:167, 2003). To identify novel components involved in the cytokinin pathway, an EMS-mutagenized M2 population and T-DNA insertion lines in the genetic background of pga22/ipt8 were screened for suppressors of pga22/ipt8 (soi).  From this screen, we were able to identify 19 soi mutants, derived from the EMS-mutagenized population (14) and T-DNA insertion lines (5), respectively.  Preliminary analyses suggested that these mutations affect a variety of components of the cytokinins pathway, including those for biosynthesis, interconversion, transport, metabolism, and signal transduction of the hormone. Further characterization of these mutants is expected to provide new insight on the molecular mechanism of the cytokinin action.

A Complex Genetic Network Underlying the Interaction Between Rice (Oryza sativa L.) and Xanthomonas Oryzae pv. oryzae
Z. K. Li1,3, D. B. Zhong1, M. Arif1,2, J. Domingo-Rey1, B. Y. Fu1,3, J. L. Xu1,3, Y. M. Gao1,3, C. H. M. Vijayakumar1, R. Maghirang1, L. J. Luo1,4, S. B. Yu1,5, H. W. Mei1,4, and G. S. Khush1
1International Rice Research Institute, DAPO Box 7777, Metro Manila, Philippines;2Current address: National Institute for Biotechnology and Genetic Engineering, PO. Box 577, Jhang Road, Faisalabad, Pakistan; 3Chinese Academy of Agricultural Sciences, 30 Bai-Shi-Qiao Road, Beijing, China; 4Current address: Shanghai Agrobiological Gene Resources Center, 2910 Beidi Road, Shanghai Academy of Agricultural Sciences, Shanghai, China; 5Current address: National Key Laboratory of Crop Genetic Improvement, Huazhong Agricultural University, Wuhan 430070 China

E-mail: z.li@cgiar.org

Interaction between rice (Oryza sativa L.) and its bacterial pathogen, Xanthomonas Oryzae pv. oryzae (Xoo) was genetically dissected in two rice populations and multiple Xoo races. A total of 52 loci, including 2 major genes and 50 quantitative resistance loci (QRL) were identified. The common loci detected in both populations and the complex epistasis between these loci were resolved, which resulted, for the first time, in the discovery of a single genetic network underlying the rice defensive system to Xoo. The genetic network consisted of two major components: one representing interactions between alleles at major resistance loci in rice and alleles at corresponding avirulence loci in Xoo, leading to complete resistance and the other comprising of multiple levels of interactions between QRL in rice and their corresponding aggressiveness loci in Xoo, leading to partial resistance. There was a significant overlap between the two components, through the dual functions of major resistance genes. It is this complex genetic network underlying the rice defensive system that would have imposed stabilizing selection on pathogen populations and maintain high levels of allelic diversity at resistance loci of rice and avirulence/aggressiveness loci in Xoo.

A Novel LMW-GS Gene and Development of Primers Specific for LMW-GS Genes at Glu-3 Loci in Wheat 

Zhao Hui-xian, Guo Ai-guang, Fan San-hong

College of Life Science,Northwest Sci &Tech University of Agriculture and Forestry,   Yangling Shaanxi,712100  E-mail address: Huixianzhao212@ hotmail.com 

Based on the LMW-GS gene sequences reported in GenBank, the primer 1~9 for specific genome locus LMW-GS genes were designed and synthesized. Using the genomic DNA of some special wheat genetic materials, including disome、 1A、 1B and 1D nullisomes of hexapliod wheat cultivar Abbozanida，tetraploid T.durum wheat， diploid T.monococcum and Ae Squarrosa， as template, amplified LMW-GS genes at specific chromosome locus to test these primers. The results showed that Primer 3 ( the sequence is 5′ TTGTAGAAACTGCCATCCTT 3′ ) and Primer 4 (the sequence is 5′ GTCACCGCTGCATCGACATA 3′ ) were the specific for LMW-GS genes at Glu-D3 locus in wheat，the size of the PCR product was about 1.60kb, including promoter and the whole CDS. While primer 5（5′ TCCTGAGAAGTGCATGACATG3′ ）primer 7（5′ GTAGGCACCAAC TCCGGTG C 3′ ） were the specific for the LMW-GS genes at Glu-B3 locus in wheat，the size of the PCR product was about 1.45 kb, including promoter and the whole CDS. 
Two fragments of 1594 and 1592bp were isolated by PCR from genomic DNA of wheat cultivars Xiaoyan No.6 and Shanyou 225,with the primer 3 and 4. The sequences of the two fragments were highly homologous with those of LMW glutenin-1D1 gene (access no. X13306) and the LMW-GS group 10 gene (access no. AB062876) reported previously. The access number of the genes from Xiaoyan No.6 and Shanyou 225 was AY263369 and AY299485， respectively. The open reading frame of the two genes cloned was 606..1520 and 604..1518, respectively. These two genes contained the whole CDS and endosperm-expression-specific promoter. The deduced amino acid sequence of Shanyou 225 contained 8 cystine residues as reported，however，that of Xiaoyan No.6 contained one more cystine residues .  This was the first time that a gene of LMW-GS with 9 Cys residues was discovered. This may be one of the major reasons that Xianyan No.6 has good quality.

A Preliminary Practice of Molecular Marker Assisted Selection for Drought Resistance in Wheat

GAO Ning1,2 , JING Rui-lian1* , CHANG Xiao-ping1 , ZHANG Chuan-fu1,2
1Key Laboratory of Crop Germplasm & Biotechnology, the Ministry of Agriculture, Institute of Crop Germplasm Resources, CAAS, Beijing 100081; 2College of Agronomy, Northwest Sci—Tech University of Agriculture andForestry, Yangling 712100 

* Corresponding author: jingrl@caas.net.cn

Wheat is the most widely grown and consumed food crop in the world. However, drought is a major constraint to the productivity of wheat. Breeding for drought tolerance is a challenging task because of its unpredictable nature. Conventional breeding approach has been successful but progress has been slow. Recently, the availability of a genetic linkage map that contains many markers, which cover the entire genome at close intervals, has raised the possibility of molecular marker assisted selection (MAS). MAS has been advocated as a highly efficient breeding method, because it can offer the rapid and precise selection of the target gene, but the successful example of using MAS in wheat drought resistance is few. This present paper reported a preliminary practice of molecular marker assisted selection for drought resistance in wheat. 

We identified the Quantitative trait loci (QTLs) controlling drought tolerance at germination and seedling stages in wheat by interval mapping analysis based on the marker information from a doubled haploid (DH) populations derived from a cross, Hanxuan 10 × Lumai 14. The germination potential, germination percentage and the seedling surviving percentage under water stress conditions were employed to assess drought tolerance at germination and seedling stages, respectively. 62 wheat accessions including cultivars or lines and their parents from 17 crosses with or without blood of Hanxuan 10 and Lumai 14 were used to test the efficiency of QTLs.

At germination stage, nine QTLs related to germination potential were mapped on chromosomes 2B, 3A, 5A, 6A, 6B and 7B, respectively. Among them, three QTLs were tightly linked to SSR markers Xpsp3071, WMC269 and CWM467 on 6A, 6B and 7B, respectively. Accordingly, we analyzed the relationship between the three markers and the germination potential of 62 wheat accessions. Two markers, WMC269 and CWM467 distinguished the cross including 2002F2-72-1 and its parents Hanxuan 10/Linfen 139 by the marker genotype, but Xpsp3071 did not identify these cultivars. For germination percentage, four QTLs were mapped on chromosomes 1B, 5A, 5B and 7B, respectively. Two QTLs were tightly linked to SSR markers Xgwm131 and WMC363 on 1B and 5B, respectively, but both markers were not effective in identifying the accessions. At the seedling stage, four QTLs related to seedling surviving percentage were mapped on chromosomes 1A, 1B, 3B and 7B, respectively. Two QTLs were tightly linked to SSR markers Xgwm153 and Xgwm400 on 1B and 7B, respectively. Only Xgwm153 appeared to be highly significant in the association between the marker genotype and the seedling surviving percentage of two crosses which included Chang 4640 and its parents Changzhi 5613/Jinmai 63, Chang 4753 and its parents 82230-6/94-5383. The result showed that the MAS efficiency was greatly affected by genetic backgrounds of wheat accessions.

Analysis of Genetic Markers in [AG]and Interspecific Hybrid of Gossypium(cotton)
Li Binglin, Dong Junmei， Qu Yunfang,  Huang Jinling,  Hao Lin,  Li Chenqi,Wu Jing ,Chen Weiguo, Liu Longlong

Agricultural college of Shan xi Agricultural University  Shan xi Tai gu 030801

The special character of glandless seed and glanded plant is the target character which can comprehensively utilize new varieties of cotton. Gossypium bickii from Australia had a propority which gossypol is not showed until the formation of the cotyledone.In order to transfer the useful traits of bickii into the cultivars and improve the economic returns, The amphidiploid was got from G.arboreum×G.bickii,then the some tri-specific hybrids were derived from (G.arboreum×G.bickii) ×G.hirstum, (G.arboreum×G.bickii) ×  G.barbandense in shan xi Agricultural university . Amphidiploid of (G.arboreum×G.bickii) and Tri-specific hybrids were analyzed by morphological character,cytology and molecular marker in this paper. The main results as followers:

The result of morphology showed: ①The hybrid of (G.arboreum×G.bickii) ×G.hirstum had the same characters as G.arboreum, G.bickii and G.hirstum. ②The whole plant type of (G.arboreum×G.bickii) ×G.barbandense like tertraploid cultivars ,and possess the characters of  G.arboreum such as little thick leaves; the character of  G.bickii such as the hairess, big gossypol and the transgggressive characters such ass the red color. The new type of glandless seed/ glanded by back-crossing and crossing among generations of plant is breeding now.                

The result of cytology showed: The chromosome number of tri-species is 52.It is the same as the number of amphidiploid of AG,G.hirsutum, G.barbadense.But the structure of tri-species chromosome is different from parents. The karyotype formula of tri-hybrid (G.arboreum×G.bickii) ×G.hirstum is 2n=4x=52=2M+44m(2SAT)+6sm(2SAT).the range of relative length is 6.12-2.56%,the range of arm ratios is 1.05-1.82,mean arm ratios is 1.35. The type of karyotype is 1B.The karyotype formula of tri-hybrid (G.arboreum×G.bickii) ×G.barbadense is 2n=4x=52=44m(2SAT)+8sm(2SAT). the range of relative length is 6.91-1.99 %,the range of arm ratios is 1.01-2.31,mean arm ratios is 1.37.The type of karyotype is 2B.

The analysis of RAPD showed: ①A total of fifty DNA bands were amplified in amphidiploid.of them,7.8% DNA bands came from the specifical bands of  G.arboreum,20.03%was from the spefical bands of G.bickii. ②Of the amplified bands in the hybrid of (G.arboreum×G.bickii) ×G.hirstum,18.2%came from amphidiploid of AG,20.0%came from G.hirsutum,the number of special bands is 6,the percentage of special bands is 10.9%. ③of the amplified bands in the hybrid of (G.arboreum×G.bickii) ×G.barbadense,18.6%came from amplidiploid of AG,20.03%came from G.barbadense, the number of special bands is 6,the percentage of special bands is 10.2%.

All of the results of morphology ,cytology and molecular marker showed that the genetic substance of G.bickii had been transferred into amphidiploid of (G.arboreum×G.bickii),the genetic substance of amphidiploid had been transferred into G.hirsutum and G.barbadense, the tri-species of (G.arboreum×G.bickii) ×G.hirstum, and (G.arboreum×G.bickii) ×G.barbadense were truly tri-specific hybrids .

Comparative Mapping of Quantitative Trait Loci for Important Agronomic Traits between Maize and Rice

YAN Jian-bing 1, TANG Hua1, HUANG Yi-qin1, ZHENG Yong-lian1, LI Jian-sheng 2
1National Key Lab of Crop Genetic Improvement, Huanzhong Agricultural University, Wuhan 430070 China；2National Maize Improvement Center of China, China Agricultural University, Beijing 100094 China；Correspondence should be addressed to Li Jiansheng (e-mail: lijs@163bj.com)

Comparative genomic analyses have revealed extensive colinearity in gene orders among grasses, which provided new strategies for crop evolutionary study. However, there is few investigation involved in comparative analysis for QTL of important agronomic traits between maize and rice. The objective of this study was to assess syntenic relationships of QTL for important agronomic traits between maize and rice based on the comparative map of maize and rice with two F2:3 populations. There were extensive conserved relationships of QTL affected plant height, rows number, and kernels per row in maize with that affected plant height, tillers per plant, and grains per panicle in rice. It was found that one QTL in rice usually has two conserved QTL in maize, which provide an additional evidence that there is a polyploidization event during maize evolution. Another interesting phenomenon was also observed that QTL controlling different traits sometimes located the same regions of chromosomes in both maize and rice. The results indicated that the QTL affected the same or similar traits in maize and rice may have the common origin. These will be helpful to discover genes, understand the function of genomes, and identify the evolutionary forces that structured the organization of grass genomes.

Construction of Soybean Genetic Linkage Map and Qtl Analysis by Using Ssr Marker

Guan Rongxia1 , Yang Zhe2 , Chang Ruzhen1 , Zhan Xiuling1 , Qiu Lijuan1
1Institute of Crop Germplasm and Resources, Key Lab of Germplasm & Biotechnology of Ministry of Agriculture, CAAS, Beijing, 100081; 2Life College of North-East Agricultural University, Harbin, 150030

Construction of soybean genetic linkage maps is very important in marker-assisted selection in soybean breeding.  Several genetic maps of soybean based on the restriction fragment lenghth polymorphism (RFLP) have been developed over the past 10 years.  However, RFLP probes usually map to more than one locus in soybean, which is an ancient polyploid.  The development of simple sequence repeat (SSR), having multiple alleles per locus, provides a convenient tool for genetic mapping.  Cregan et al (1999) developed an integrant genetic linkage map of the soybean genome by using 1435 markers which including 589 SSR markers.  Another 375 newly developed SSR were used to fill the genetic gaps of the linkage groups in which 140 SSR markers were added to the linkage groups (Song et al., 2003).  There are few reports about soybean genetic linkage group analysis in China.  Wu et al (2001) constructed a soybean linkage map including 196 RFLP probes and 87 SSR markers by using a near isogenic lines crossed by Ke feng-1 and Nan nong 1138-2.

In this study, one F2 population from a cross between soybean cultivars of Zheng 92116 and Shang 951099 originated in Huanghuai region, were used as material to construct a SSR linkage map.  Seven hundred SSR primers were used to amplify Zheng 92116 and Shang 951099, in which 216 (30.8%) polymorphic loci were selected.  Among these polymorphic markers, 143 primers with clear bands were tested on 125 individuals of the F2 progeny.  PCR products were analyzed by silver staining.  The data were analyzed by using Mapmaker, version 3.0 for the PC. One hundred and seventeen SSR loci were mapped to 28 linkage groups, covering 1893.7cM of the soybean genome. Compared with published genetic linkage map of soybean, group B1 were separated into 4 different groups and another 6 groups were divided into 2 small groups.  The result showed that there were big gaps need to be filled. In another hand, different genetic distance between different genetic linkage map showed that these markers were genetic background specified. More SSR loci will be filled to the linkage groups to form a fine map with the development of new SSR markers, and be used in the soybean breeding of marker assisted selection.  

By using interval analysis, 11 putative QTLs were identified for 8 agronomic traits, which included plant height, maturity, nodes number of main stem, pods number per plant, seeds weight per plant and height of first podding node.  Among the QTLs, 4 were related to plant 

height, only one QTL was detected for the other seven agronomic traits, respectively.  These QTLs were distributed into 8 different linkage groups.

Development and Identification of Salt-Tolerant Translocation Line WLMT01 of Common Wheat ( Triticum aestivum L ) -Leymus multicaulis 

JingYuan Zhang1, MaoLin Zhao1* , RongChao Ge1,2 , Li Song1,2  

1Beijing agriculture biotechnology research center, Beijing academy of agricultural and forestry sciences 100089; 2 College of Life Science, Hebei Normal University, Shijiazhuang 050016
*Corresponding author: zhaomaolin@baafs.net.cn
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With the development and adoption of high yielding varieties taken a narrow genetic base and a poor genetic diversity over large growing areas, wheat crops have become more vulnerable to biotic and abiotic stresses. Therefore, people have begun to exploit the rich gene resources in wild relatives. Production of wheat alien chromosomal translocation lines with desirable traits of agronomy or resistance to stresses is one of the most effective methods for exploiting wild resources. 

Leymus multicaulis is one of great value forage grasses, which has a lot of excellent traits such as salt-tolerance,drought-tolerance,leanness-tolerance,BYDV (barley yellow dwarf virus)- resistance, and aphid-tolerance, et al. Since Yuan Zouzou and Dong Yushen had succeeded in crossing Leymus multicaulis with common Wheat(Triticum aestivum L) during 1985-1986, Zhao Maolin had analyzed the progenies during 1991 to 1993 and firstly selected 15 alien disomic addition lines belonged to 12 kinds. In order to identify the salt-tolerance of these lines and their progenies, we constructed man-made simulated salt pools and the salt concentrations of pool soil were respectively 0%, 0.2% and 0.4%( NaCl/soil W/W). Each pool was about 1.2 meters broad, 5 meters long and 1.2 meters deep. We selected some salt-tolerant lines after careful comparison and analyzed them by FISH(Fluorescence in situ hybridization) and SSR(Simple sequence repeats) molecular marker.

 Under 0.4% salt concentration stress, some disomic addition lines such as lin10, lin14, lin15, lin20, lin22, showed higher salt-tolerance than CK wheat variety, Kharchia. In this research, each material’s yield was used to compare. The salt-tolerance indexes of lin10, lin14, lin15, lin20, lin22 were 5.1, 5.3, 4.5, 2.9, 2.8, respectively. These indexes were evidently higher than those of the common wheat parents, Chinese spring(0.81), Fengkang No.7(0.60), Fengkang No.10(0), Fengkang No.13(0.40). 

Some seeds of salt-tolerant progenies of lin14 were studied by FISH and SSR. The RTCs(root tip chromosomes) slides were prepared. The chromosomes numbers were all 44. We labeled Leymus multicaulis DNA as probe and used Chinese spring DNA as blocking DNA. By FISH, only a pair of chromosome arms showed yellow hybridization signals and other chromosomes showed red fluorescence under blue light. This translocation line belonged to centromere translocation. The results of SSR analysis testified further that this line contained some Leymus multicaulis DNA. When we amplified DNA of this line and its parents, Leymus multicaulis, Chinese spring, Fengkang10, with primer xgwm156, we found Leymus multicaulis and this translocation line both had production at the site of about 170bp while other two common wheat parents hadn’t. 

From above, we concluded we had got a common wheat-Leymus multicaulis centromere translocation line under salt stress and we named it WLMT01 temporarily. Some further experiments need to be done such as C-banding to determine which common wheat chromosome arms were translocated and whether the translocated arms of Leymus multicaulis belonged to homologous arms.

Different QTLs Controlling the Same Quantitative Trait were Detected with Different Efficiency

Pan Xue-biao, Chen Zong-xiang , Yang Yong , Ji Xue-mei , Han Yue-peng , Pan Xing-yuan , Zhang Ya-fang 

Keylab of Rie Functional Genomics in Jiangsu Province, Yangzhou University, Yangzhou, 225009

Paterson et al and Chaofu Lu et al indicated that there was few QTL could be detected in different environments. Remington et al considered because of the significant influence of environment on phenotype, it was doubtful to colon quantitative gene on base of QTL mapping. Lihuang Zhu et al and Jieyun Zhuang et al pointed out that different quantitative traits were influenced by environment in different degree, in which, numbers of florets and filled grains per panicle were less affected than ratio of filled grains, plant height and heading date. 

In our research on mapping QTLs of resistance to sheath blight and heading date and so on, it was found that different QTLs controlling the same quantitative trait were detected with different efficiencies in different parents and populations for inheritance research.

The data from table 1 showed that, among detected loci of sheath blight resistance, qSB-2 from Jasmine 85 was located in the same or linked intervals of Chr 2 in a two-year experiment with 4 replications in total, qSB-7 from Jasmine 85 and Teqing in the same interval of Chr 7 was detected 3 times in two two-year experiments with 4 replications in total, and qSB-11 from Lemont was found 7 times in the same intervel of Chr 11 in two populations and 4 years tests with 7 replications in total. These QTLs could express more stably and were less influenced by environment. In the contrary, qSB-3，qSB-9 and qSB-12 were detected only one year, respectively, and their expressions were recognized non-stable. 
In the populations above, we also mapped a QTL contributing to heading date in the same interval of Chr 7, which could explain about 15% of total variation. In the same interval of Chr 3, a QTL related to plant height was tagged, which could account for 10-15% of total variation (data were not shown).

The results indicated that different QTLs controlling the same quantitative trait were detected in different efficiencies because stabilities of their expression were different, or in other wards, the expression of them was influenced by environment in different degree. It was found in further analysis that the stability of QTL expression did not have inevitable relationship to degree difference of contributing ratio (%) of the characters. It would help breeders more to find QTLs with bigger effect and higher efficiency to be detected. 

Effect of Morphological Traits on Sheath Blight Resistance in Rice

HAN Yue-Peng1,3, XING Yong-Zhong2, Gu Shi-Liang1, CHEN Zong-Xiang1, PAN Xue-Biao1* 
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Sheath blight, caused by the Rhizoctonia solani kühn, is one of the most serious diseases of rice worldwide. Rice sheath blight resistance has been considered as a quantitative trait significantly affected by environment. On the other hand, many morphological traits of rice were responsible for microclimate on the paddy field and affected occurrence and development of the disease.

In this paper, the relationship between morphological traits and sheath blight resistance was investigated in a two-year experiment by using a segregant population consisting of 240 inbred recombination lines, derived from an elite combination of Zhenshan 97×Minghui 63. Partial correlation analysis between phenotypic data (morphological characters and heading date (HD)) and sheath blight ratings (SBR) showed that only one trait, plant compactness, was significantly correlated with resistance to sheath blight in both 1999 and 2000, eight traits, such as plant height, heading date, and penultimate leaf angle, were significantly correlated with SBR in either of the two years, and the remaining 10 morphological traits were not consistently associated with SBR in the two years. A major QTL controlling plant compactness was found to be in the site on chromosome 9 adjacent to the region responsible for qSB-9, a major QTL conferring sheath blight resistance. One out of the three QTLs contributing to a penultimate leaf angle was mapped on approximately the same region as another sheath blight resistance QTL, qSB-5, located on chromosome 5. Whereas, no QTLs underlying most other traits was detected on the chromosomal regions correlated with sheath blight resistance QTLs. 

The results in the present study suggested that morphological traits were not the main factors responsible for the SBR separation among the RILs population. Nevertheless, some morphological characters had some indirect influence on expression of sheath blight resistance genes through altering a microclimate on paddy field so as to influence the infection of the pathogen and development of the disease. An efficient approach in resistance breeding to sheath blight was recommended by pyramiding major QTLs for sheath blight resistance and selecting those morphological traits that favor resistance gene expression.

Fine Mapping Rice Bacterial Blight Resistant Genes by SSR Marker on Chromosome 4  

Xinghua Lin, Yongsheng Zhu, Qi He, Mingpu Tan, Dongbo Li, Duanpin Zhang

National Key Laboratory of Crop Genetic Improvement, Huazhong Agricultural University, Hubei, Wuhan 430070

Bacterial blight (BB) seriously reduces rice production world-wide. Developing resistant cultivars is generally considered to be the most effective and economical means of controlling this disease. More than 20 bacterial blight resistance genes have been identified and mapped on rice chromosomes, especially on chromosome 4 and 11. The interaction between rice cultivars and Xoo strains conforms to gene-for-gene model. Isolation and cloning the resistant gene is essential for studying the specific interaction between R gene and Avr gene. 

Bacterial blight resistant gene Xa2 is resistant to T7147, race 2 of Japanese BB race (Sakaguchi, 1967). It was mapped on the long arm of chromosome 4 (Yoshimura, et al., 1994). Xa14 is a dominant gene with resistant to PXO112, race 5 of the Philippines BB race, identified from Taichung Native 1 (Taura, et al., 1987). It was located on chromosome 4 between marker RG620 and G282, with 20.1cM and 19.1cM, respectively (Tan, et al., 1999).  Here, we reported the current status of fine mapping of Xa2 and Xa14. 
IRBB2 (carrying Xa2), IRBB14(carrying Xa14) are NILs of IR24 (Oryza. sativa ssp. Indica, susceptible all BB strains tested). Zhen-Zhu-Ai (ZZA, Oryza. sativa ssp. indica) is susceptible to all BB strains tested. The four parents were identified by Simple Sequence Repeat (SSR) selected from the SSR map (Temnykh et al. 2001) or designed from the sequence of chromosome 4. The F2 populations of IRBB2 x IR24 and IRBB2 x ZZA were inoculated with BB strain T7147, while the F2 populations of IRBB14 x IR24 and IRBB14 x ZZA were inoculated with PXO112 at booting stage by the leaf clipping method. A sample of 126 random plants taken from the F2 population was used to make the SSR linkage map. The high susceptible F2 plants taken from the same F2 population were used to identify the recombination events between the markers and resistant gene.

A total of 43 SSR markers on long arm of chromosome 4 were assayed to identify polymorphism among the parents. Only 5 SSR markers revealed polymorphism between IRBB2 and IR24, while 11 SSR markers revealed polymorphism between IRBB2 and ZZA. Just 4 SSR markers showed polymorphism between IRBB14 and IR24, while 7 SSR markers showed polymorphism between IRBB14 and ZZA. The SSR map was constructed with 126 random F2 plants of IRBB2 x ZZA. The recombination analysis showed that Xa2 was located on 600kb region according to the sequence contig of National Center for Gene Research, CAS. Xa14 was narrowed down on 100kb region. The sequences of these resistant genes will be picked out soon.  

* This work was supported by a grant from the National High Technology Research Program of China.

Genetic Analysis of a Premature Senescence Mutant Line and Molecular Cloning of a novel Gene Encoding a Putative Cystein Proteinase in Oryza.sativa  

Fuzhen Li1,2,3 , Hengmu Zhang3, Jinyuan Liu3 , Zongxiu Sun1

1The Key Lab for Rice Biology, MOA, China National Rice Research Institute, Hangzhou, Zhejiang, China, 310006; 2College of Life Science, Zhejing University, Hangzhou, Zhejiang, China, 310029; 3Department of Biological Sciences and Biotechnology, Tsinghua University, Beijing, China,100084

Senescence is the final stage in the life of many plant tissues and is highly regulated process that involves structural, biochemical and molecular changes. Senescence-associated genes (SAGs) are up-regulated during plant senescence. From the rice mutation library induced by T-DNA tagging constructed by China National Rice Research Institute, we screened a rice  premature senescence mutant. Genetic analysis of the transgenetic rice in T1 generation indicates that the mutant line contains two T-DNA inserted locus. The mutant was pollinated with Zhejiang 16, genetic analysis the progeny of the cross identified the premature senescence character of recessive phenotype, which caused by a single allelism gene. One of T-DNA flanking sequences was amplified by Tail-PCR, which was mapped to the chromosome 5. Based on the EST database, a novel gene was cloned by RT-PCR, which tentatively named OsSAG.  The coding region of the gene consists of twelve exons, the gene encodes an enzyme precuror of 461 amino acid with conserved catalytic amino acid of papain. A number of putative heat-responsive elements, light-responsive element and ethylene-responsive elements were found in the promoter region. To explore the gene function, we construct the over expression and double-strand RNA interference binary vector to transform the Zhonghua11.

Genetic Analysis of Wheat Germplasm “N9134” with  Resistance to Powdery Mildew

JI Wan-quan, WANG Chang-you, Wang Qiu-ying, XUE Xiu-zhuang， Cai Dong-ming

Northwest Sci-Tec University of Agriculture and Forestry, Yangling,Shaanxi 712100
Powdery mildew caused by Eerysiphe graminis sp tritici is one of serious diseases of cultivated wheat(Triticun aestivum) in China. Wild emmer wheat(Triticum dicoccoides)is one of the sources of excellent powdery mildew resistant gene. We transferrd powdery mildew resistant gene from wild emmer wheat to common wheat and got a series of the germplasms  with the powdery mildew resistant gene.  N9134 is one of the germplasms with powdery mildew(Erysiphe gramins f. sp. tritici) resistance gene from wild emmer wheat. The repiprocal crosses F1 between N9134 and four susceptible cultivars Abbondanza, Chinese Spring, Shaan160 and Shaanyou 225 were resistant to the powdery mildew, the ratio of resistant and susceptible plants in F2 progeny fitted the expected 3 to 1. With 1 nullisomic line of “Zhong 7902”,18 nullisomics and 2 monosomics of Abbondanza as female parents crossed with N9134, all of F1 generation were resistant; F2 families from monosomic F1 plants in the 20 noncritical crosses except “Abbondanza 5BM x N9134” fitted the expected ratio of 3 resistant : 1 susceptible plant. The results indicated that powdery mildew resistance of N9134 at adult stage is controlled by a single dominant gene located on chromosome 5B.

N9134 was analysed by SSR with 66 primer pairs. The result show that the marker amplified by primer pair WMS67 was close linked to the powdery mildew resistance gene, the genetic distance between the marker and the resistance gene was 20.6cM.

Genetic Mapping for Powder Mildew Resistance Gene in Chinese Wild Vitis Using RAPD Markers

Wan Yizhen , Wang Yuejin* 

College of Horticulture, Northwest Sci-Tech University of Agriculture and Forestry, Yangling, Shaanxi 712100,China
In the world, most cultivars of the grape derive from the species of Vitis vinifera L.for its good fruit quality. This species is highly susceptible to the fungal diseases, which causes heavy loss in the grape production. V.labrusca L. contains the genes of disease high resistance but its fruit quality is poor, therefore, its development is restricted greatly in grape production. China is one of the most important countries, to which the species of Vitis are native. Many of these resources not only have high yield and good fruit quality, but also have high resistance to diseases. Chinese wild Vitis is one of the most important germplasm for the disease resistance breeding. It is an efficient method to breed new grape cultivars which have high resistance and quality by incorporating the resistant genes of Chinese wild Vitis into the quality genes of Vitis vinifera. It takes the breeders a long time (15 to 20 years at least) to breed a new variety by the traditional hybridization method for the genes are highly heterozygote in grapes. One strategy is to use marker-aided selection based on molecular linkage maps. The molecular markers linked to the resistant genes can be employed in the selection of hybrid seedling, by which the susceptible seedlings can be selected out when the hybrid plants are young, which can shorten the breeding period.

With BSA method and ‘double pseudo test cross’ strategy, genetic mapping for powder mildew resistance genes in Chinese wild Vitis, V. qinquangularis, has been constructed from 48 F1 interspecific hybrids of ‘83-4-96(V. qinquangularis Rehd.)’ ×‘Pink Rose(V.vinifera L. )’ based on disease resistance identification results under field epidemic condition. 444 10bp arbitrary primers were used to conduct RAPD reaction on the basis of surveys of the pool DNA mixed by resistant hybrids that showed polymorphic bands. The reaction produced 87 polymorphic bands, and 49of them showed 1:1 segregation with X2 analysis.39 of 49 RAPD markers classified into 7 linkage groups using software Mapmaker/Exp3.0 and with LOD value >= 3.0. Kosambi function was used to calculate the linkage distance between markers. The maps spanned over 603.3cM and had an average distance of 15.1cM, a shortest distance of 2.1cM and a longest distance of 30.6cM between markers; the major gene (Unci) controlled powder mildew resistance located in group2, 2 markers that were closed to the major gene were W05-1100 (4.2cM) and O05-1450 (8.6cM). The actual length of W05-1100 was 1019bp according to sequencing and its sequence was cut by 79 DNA restriction enzymes. This marker has been submitted to GenBank, and its accession number was AY328908. This research will provide a molecular basis for the marker-assisted selection in disease resistance breeding using Chinese wild Vitis germplasm and for the resistance genes cloning.

Key Words: Chinese Wild Vitis; resistance to powder mildew; disease resistance gene; molecular markers; genetic linkage maps

Genetics Analysis, Molecular Tagging and Mapping of Thermo- sensitive Genic Male Sterile Gene (wtms1) in Wheat

Xing Q H1,  Ru Z G2,  Zhou C J1 ,  Xue X2,  Liang C Y 1,  Yang D E1,  Jin D M1,  Wang B1*

1Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, Beijing 100101, China; 2Henan Vocational-Technical Teachers’ College, Xinxiang 453003, China.
* Author for communication: E-mail address: bwang@genetics.ac.cn  

A thermo-sensitive genic male sterile (TGMS) wheat line (Triticum aestivum L.) BNY-S was obtained from the spontaneous mutant of BNY-F. The temperature during the differentiation stage of the spike lets decided its fertility. BNY-S was completely sterile when the temperature was lower than 10°C during the differentiation stage of the spikelets, but fertile when the temperature was higher than 10°C. Genetic analysis indicated that a single recessive gene, which was firstly named as wtms1, controlled the sterility of BNY-S. An F2 population consisted of 3000 individuals from the cross between BNY-S and Lankao52-24 was used for genetic analysis and statistical analysis of the TGMS. Out of the 3000 F2 individuals, 158 sterile and 93 fertile extremes were selected and used for molecular tagging and mapping of the wtms1 gene. SSR (simple sequence repeat) and AFLP (amplified fragment length polymorphism) techniques combined with BSA (bulked segregant analysis) were used to screen markers linked to the target gene. As a result, wtms1 was preliminary mapped on the chromosome 2B according to SSR analysis. In AFLP analysis, fourteen polymorphic AFLP loci were identified with linkage relation with the wtms1 gene. Then, linkage analysis using large number of F2 individuals showed that three of the 14 polymorphic AFLP loci, E: AAG/M: CTA163, E: AGG/M: CTC220 and E: ACA/M: CTA160, were linked to the wtms1 gene with a genetic distance of 6.9 cM, 6.9 cM and 13.9 cM, respectively. Finally, the wtms1 gene was mapped between the SSR marker Xgwm 374 and the AFLP marker E: AAG/M: CTA163 with the distance of 4.8 cM and 6.9 cM, respectively. A partial linkage map was constructed according the SSR and AFLP data.

This study was partially supported by The NSF Project (30170490) of China and the State Key Basic Research and Developmental Plan of China (2001CB108802).

GISH and RAPD Analysis of Triticum Aestivum—Elymus Rectisetus Alien Disomic Addition Lines

Chang-you WANG, Wan-quan JI, Xiu-zhuang XUE, Qiu-ying WANG

Northwest Sci-Tec University of Agriculture and Forestry, Yangling,Shaanxi 712100
Elymus rectisetus is the only species in the tribe Triticeae known with apomixes.  Two 2n=44=22" lines, named “1026A1” and “1057A1”, were developed from T.aestivum (Fukuhokomugi)-E.rectisetus BC2F2 progenies. They had been morphologically and cytologically stable. Chromosome configurations of hybrid F1 between two lines and Fukuhokomugi were 2n=21"+1'. The probe employed was total genomic DNA of E.rectisetus and the results showed that both “1026A1” and “1057A1” contained two E.rectisetus chromosomes. Chromosome configurations of hybrid F1 between “1026A1” and “1057A1” were 2n=21"+2'. The results demonstrated “1026A1” and “1057A1” were two different T.aestivum-E.rectisetus alien disomic addition lines.  In addition, Two and one RAPD markers could used to detect E.rectisetus chromosomes of T.aestivum-E.rectisetus alien disomic addition lines “1026A1” and “1057A1”, respectively.

Heterosis and its Genetic Control of Yield Traits in Rapeseed (Brassica napus L.)

Shen Jinxiong1, 2, Fu Tingdong1 *, Yang Guangsheng1
1National Key Laboratory of Crop Genetic Improvement, Huazhong Agricultural University, Wuhan 430070, China; 2Oil Crops Research Institute, Chinese Academy of Agricultural Sciences, Wuhan 430062, China

*Corresponding author: rapelab@public.wh.hb.cn

Three double low self-incompatible lines and 22 inbred pure line varieties from different origins, were used to produce 66 hybrids. These hybrids, together with their parents were tested for yield traits in sequence two years in Wuhan, China. Based on the field results and parental geographical origins, SI-1300 (from China) and Eagle (from Europe) were selected to establish F2 segregating population. 184 F2:3 families were planted in Wuhan and Jingmen to determine agronomic traits. With the use of 182 SSR and AFLP markers, a genetic map covered 20 linkage groups in 1754.5cM genome length was constructed, and CIM (Composite Interval Mapping) and Two-way ANOVA were employed to detect quantitative trait loci (QTL) and loci interactions for yield traits. The main results were as follows:

1 Most of yield traits, such as siliques/plant, first effective branches, effective length of main inflorescence, seeds/silique, seed yield/plant etc, showed significant positive heterosis.

2 Analysis of combing abilities showed that variances of both GCA and SCA for yield/plant and its 3 components were significantly different. These suggested that yield traits affected by both additive and non-additive effects of genes. Actually, additive effects of genes didn’t contribute to heterosis.

3 Thirty eight QTLs were detected for 11 yield traits with a LOD score of 2.4. Of them, 8 were detected both in Wuhan and Jingmen locations. The number of QTLs for each characteristic varied from 3 to 7. These QTLs each accounted for phenotypic variation from 6.06% to 30.07%, and the maximum of phenotypic variation accumulated for one trait in a location was less than 51%.

4 Most QTLs had pleiotropic effects on 2 or more yield traits. Both male and female parents had QTLs with positive (or negative) effects on the same trait. Some QTLs showed positive over-dominance, but some showed negative. That meant over-dominance was not always beneficial to heterosis for some traits.

5 Results from Two-way ANOVA between co-dominant markers showed that the number of two-locus combinations involving the entire genome detected in 11 yield traits was greater than that of QTLs. Among them, interactions between non-QTLs (non-significant effect loci) were in the majority. Like QTLs (detected by CIM), loci with epistasis were also appeared to be pleiotropic effects.

6 Colligation of results from combining ability analysis, QTL mapping and Two-way ANOVA examination, we concluded that epistasis interactions might play an importance role as the source of heterosis for yield traits in Brassica napus L.

Identification and Gene Prediction of a 24kb Region Containing xa5, a Recessive Bacterial Blight Resistance Gene in Rice (Oryza sativa L.)

ZHONG Yiming 1, JIANG Guanghuai 1, 2, CHEN Xuewei1, XIA Zhihui1, LI Xiaobin1, ZHU Lihuang1 , ZHAI Wenxue 1 *
1Institute of Genetics and Developmental Biology,Chinese Academy of Sciences, Beijing 100101 2College of Life Science, University of Science and Technology of China, Hefei 230026 （E-mai: wxzhai@genetics.ac.cn）

In recent years, many plant disease resistance genes have been cloned, and the theory “gene for gene” has been improved and developed with the further study of these cloned genes. However, recessive resistance genes have been rarely studied. In order to completely understand the mechanisms of plant disease resistance, it is important to clone recessive plant disease resistance genes. 

Rice xa5 gene provides recessive, race-specific resistance to bacterial blight disease caused by the pathogen Xanthomonas oryzae pv. oryzae and has great value for research and breeding. It has been a research hotpot to isolate xa5 by positional cloning. But it has not been cloned yet due to the three possible problems in the early studies: first, the population used for mapping was small; second, the coverage of BAC libraries was low; and third, the materials for constructing BAC libraries did not contain the xa5 gene.

In an effort to clone xa5, an F2 population of 4892 individuals was developed from the xa5 near isogenic lines, IR24 and IRBB5. A fine mapping procedure was conducted and tightly linked RFLP markers was used to screen a BAC library of IRBB56, a resistant rice line containing the xa5 gene. A 213kb contig covering the xa5 locus was constructed. According to the sequences from the International Rice Genome Sequening Project (IRGSP), the Chinese Superhybrid Rice Genome Project (SRGP) and some sub-clones of the contig, twelve SSLP and CAPS markers were developed for fine mapping. The xa5 gene was mapped to a 0.3 cM interval between the markers K5 and T4, which spanned an interval of approximately 24kb, co-segregating with the marker T2. Sequence analysis of the 24kb region revealed that an ABC transporter and a basal transcription factor (TFIIa) were potential candidates for the xa5 resistance gene product. The differences in the predicted genes have been found by comparing the genomic DNA and cDNA sequences between the xa5 resistant lines and the susceptible varieties. The markers K5 and T4 were also used to screen the IR64 BAC library, which had the dominant allelic gene Xa5. Currently, the 24kb xa5 fragment, the 24kb allelic fragment from IR64 and the cDNAs of the predicted genes are being tested for functional complementation. The molecular mechanism by which the xa5 gene provides recessive, race-specific resistance to bacterial blight will be elucidated by the functional tests of the 24kb DNA and the candidate genes.  

Identification and Isolation of Pathogen-induced and Tissue-specific Promoters

Meng Cai (cm1980123333@hotmail.com), Min Xiong, Jun Wei, Shiping Wang

National Key Laboratory of Crop Genetic Improvement, National Center of Crop Molecular Breeding, Huazhong Agricultural University, Wuhan 430070

The completely sequencing of the whole rice genome will accelerate the cloning of the functional genes. Transgenic technology is wildly used in rice breeding programs. The foreign gene can express directional by linkage of foreign gene and specific rice promoter, and it could reduce the probability of foreign gene silence. It is an important way for rice cultivars improvement by using specific promoters to control the expression of foreign genes. The objectives of this study are (1) to identify and isolate the pathogen-induced promoter for rice breeding programs using disease resistant genes and defense-related genes; (2) to identify and isolate a tissue-specific promoter that expresses in different rice tissues other than endosperm for using Bt gene to improve the insect resistance of rice. We isolated a WRKY type transcription factor gene EI12I1 which expression was induced by both. Xanthomonas oryzae pv. oryzae, causing bacterial blight disease, and Pyricularia grisea sacc., causing blast disease. We isolated a 710 bp fragment from the upstream of the translation start codon of EI12I1 gene and ligated it with Gus gene. The recombinant was transformed into rice cultivar Mudanjiang 8. We have detect the GUS activity in the leaf tissue of transgenic plants after pathogen inoculation. Now, we are determining the functional region of the pathogen-induced promoter. We isolated another gene, EI44P17, encoding putatively photosystem II protein precursor. This gene expressed in rice different tissues other than endosperm. We isolated a 2.1 kb fragment from the upstream of the translation start codon of EI44P17 and ligated it with Gus gene. The recombinant was also transformed into rice cultivar Mudanjiang 8. The GUS activity were detected in the leaf and sheath of the transgenic plants. No GUS activity was detected in the pollens, panicles of different developmental stages and seeds of transgenic plants. 

Identification of Differentially Expressed Genes between Wheat hybrid and its Parents in Seedling Leaves and Roots by using PCR-based cDNA Subtraction Method

Yingyin Yao, Zongfu Han, Yan Chen, Limim Wu, Fanrong Meng, Qixin sun

Department of Plant Genetics & Breeding, China Agricultural University, Beijing 100094, China
* Author for correspondence, Email: qxsun62@public.bta.net.cn

Hybrid wheat has superior yield potential and adaptability as compared with its parental inbreds and has been commercially used in Australia, USA and South Africa. In China, hybrid wheat has been extensively studied for many years and under demonstration production. However, the molecular mechanism of heterosis remains largely unknown. Recently, relationship between the differential gene expression patterns and heterosis were evaluated by using mRNA differential display technique. The results showed that differentially expressed fragments that occurred only in F1 were found to be positively correlated with heterosis. while, fragments observed only in one parents and fragments silenced in hybrids were negatively correlated with heterosis. Therefore, molecular basis of phenotypic changes between wheat hybrid and its parents could reside in the variability of genome expression. In order to further gain an insight into the molecular basis of wheat heterosis, differentially expressed genes needed to be isolated and their functions leading to heterosis be investigated. 

In this study, an efficient PCR-based cDNA subtraction method was employed for the isolation of hybrid and parent-specific expressed cDNA clones in root and leaves. One highly heterotic interspecific hybrid 3338×2463 and its female parent 3338 (common wheat), male parent 2463 (spelt wheat) were used for this study. Leaves and roots from 8-week vigorous tillering seedlings were collected for RNA extraction and ploy(A) RNA isolation. Equal amount ploy(A) RNA of two parents were mixed and used for SSH. Subsequently, 4 subtracted cDNA libraries were established, which enriched hybrid root specific expressed genes (HRG), parent root specific expressed gene (PRG), hybrid leaves specific expressed genes (HLG), parent leaves specific expressed genes (PRG) respectively. A total of 768 different cDNA clones were isolated and sequenced, in which the number of clones from HRG, PRG, HLG and PLG subtracted cDNA libraries were 266, 196, 192 and 124, respectively. The results of homologous research in GenBank showed that 550 cDNA fragments represent genes with known function, while 131 cDNA fragments represent genes with unknown functions, and the rests had no homologues. These known genes were involved in the pathways of photosynthesis, metabolisms, membrane transduction, and signal transduction in the wheat.

* Supported by Key Basic Research and development Plan of China (001CB1088) and the National Science Fund for Distinguished Young Scholars (39925026)and the National Natural Science Foundation of China (30270824)

Identification of Quantitative Trait loci and Epistatic Interactions for Agronomic Important Characters in Hexaploid Wheat

Yongliang Zhao, Naxin Huo, Ronghua Zhou, Liming Wang, Jizeng Jia

Key lab of Crop Germplasm & Biotechnology, Ministry of Agriculture, Institute ofCrop Germplasm Resources, CAAS Beijing 100081

The Grain morphological traits (grain color, size, plumpness) and thousand-grain-weight are agronomic important characters. Content of total starch and amylose in wheat grain is one of important guidelines, which determined wheat quality; it is also contacted with the health protection function of wheat impact. In this study, we analyzed the genetic bases of these characters at both single locus and two-locus levels using a set of 114 recombinant inbred lines of the ‘International Tricia Mapping Initiative’ mapping population was grown during the seasons 2002 and 2003 under different environments. A linkage map was constructed with 846 polymorphic marker loci, based on which interval mapping was performed using QTLMapper V 1.0. Not all traits were scored in each experiment .In total 118 QTLs with a LOD threshold of>2.0(minor QTLs) were detected of which 60 reach a LOD score of >3.0(major QTLs). Some QTLs were deteced in comparable positions in different experiments. 17 major markers were detected. Using two-way analysis of variance, with all possible two-locus combinations, some significant digenic interactions were detected in the 2 years for all traits involving markers distributed in the entire genome. Many of the QTLs detected by single-locus analysis were involved in epistatic interactions. The results clearly demonstrated the importance of epistatic interactions in the genetic bases of grain plumpness, content of total starch and thousand-grain-weight and the importance of additive interactions in the genetic bases of grain color, size and amylose content.

Identification of Quantitative Trait Loci for Al Toxicity Tolerance in Rice (Oryza sativa L.)

L.JIANG1, Y. XUE1, J.F.MA2, H.Q.ZHAI3 and J.M.WAN1
1 State Key Laboratory of Crop Genetics and Germplasm Enhancement, Research Center of Jiangsu Plant gene Engineering, Nanjing Agricultural University, Nanjing 210095, China; 2 Faculty of Agriculture, Kagawa University, Ikenobe 2393, Miki-gun, Kagawa, 761-0795 Japan; 3Chinese Academy of Agricultural Sciences, Beijing 100081, China

Al toxicity is a problem for rice grown on acid soils. It is considered as one of the primary causes of low rice productivity on acid upland and lowland acid sulfate soils (IRRI 1978). The use of molecular-marker techniques in quantitative trait locus (QTL) analysis opened new opportunities to work with the tolerance for Al toxicity. So, a mapping population of 81 recombinant inbred lines (RILs), derived from a cross between a japonica variety Kinmaze and an indica variety DV85 by the single-seed descent methods, was used to detect quantitative trait loci (QTLs) for relative root elongation (RRE) under Al3+ stress condition in rice. Seeds of recombinant inbred lines were placed on the net that floated on a 0.5 mM CaCl2 solution (pH 4.5) in a 7-liter plastic container. The solution was renewed every 2 d. On day 5 the seedlings were exposed to a 0.5 mM CaCl2 solution (pH 4.5) with 100 µm AlCl3 (according to the results of dose-response experiments using Asominori and IR24) or without Al. The root length was recorded with a ruler before and after the 24 h treatment. The RRE of each lines was calculated as follows: RRE(%) = [root elongation (average of 8 replicates) with Al solution/root elongation without Al solution]×100. The experiments were conducted at 32OC/17 OC day/night under natural light. The distributions of the relative root elongation index of the RILs are continuous, but there is a little difference in relative root elongation between two parents. Using WinQTLCart software, QTLs were detected by a composite interval mapping method. A LOD score >2.0 was considered significant for QTL detection. Five QTLs controlling Al toxicity tolerance were detected on chromosomes 1, 5, 8, 9 and 11, respectively(Table 1). Individual QTL accounted for 8.64%~18.60% of the phenotypic variance, and the five QTLs explained 74.87% of the total phenotypic variation in the RILs population. Direction of additive gene effect coincided with that predicted by phenotypes of the parents at three loci, qRRE5, qRRE8 and qRRE11. At these three loci, the DV85 alleles increased the tolerance to Al toxicity, and at qRRE1 and qRRE9, the Kinmaze alleles increased the tolerance to Al toxicity. The results also indicated that Al toxicity of rice is characterized by restraining root elongation of the seedling.

Identification of Rapd and Scar Markers Linked to Resistance to Sclerotinia Sclerotiorum in Brassia Napus
Shengyi Liu, Wei Yang, Hang-zhon Wang and Xue-lan Guo

Key Laboratory of Oil Crops Genetic Improvement, China Ministry of Agriculture, Oil Crops Institute of CAAS, Wuhan 430062, P.R. China. FAX: 86-27-86816451, e-mail: 

The disease caused by Sclerotinia sclerotiorum is a main disease in oilseed rape as well as soybean and sunflower in China. Breeding and utilization of varieties with resistance is an effective measure for disease control. At present, however, lack of resistant germplasm and the low efficiency of traditional breeding methods to develop sclerotinina resistance cultivars are problems to be solved. Objectives if this study were to develop a marker-assisted breeding system by identification of molecular markers that exist in sclerotinia resistant lines developed by somatic mutation and selection of double haploid in the past seven years. There are several RAPD makers found after screening 700 random primers with 10 bp using bulked segregant analysis (BSA). Of RAPD markers, a stable and distinct marker called S204650 was transformed into a SCAR marker. It is a DNA sequence of 619 bp. A probe was designed based on this sequence. Using the probe, eight resistant varieties showed a band of approximately 600 bp in size while 16 susceptible carieties did not show a DNA band in the gel.

Identification of Several Lines with BYDV-resistance Derived from Hybrid of Triticum Astivum and Thinopyrom Intermedium by using SSR Markers

Lin Zhishan Ishikawa Goro Nakamura Toshiki Nakamura kazuhiro Xin Zhiyong

16 SSR markers of wheat homologous 2 were employed to analyse seven wheat lines resistant to barley yellow dwarf virus (BYDV) derived from the progenies of a cross between Zhong8601 and Z6, a disomic addition line with an extra pair of Thinopyrom intermedium chromosomes conferring BYDV resistance. PCR products were separated in 4% agarose gel. The results showed that 2 primer pairs on 2A did not detect any change in all seven tested lines. 4 primer pairs on 2B showed diversities in N420 and N439 that different from other lines. 10 primer pairs on 2D performed polymorphism between three lines of N431, N452, N523 and other four lines. Both N530 and N545 with 42+2t chromosomes were not found any wheat chromosome lost. But one primer pairs (Xgdm35) can amplify a strong band in Thinopyron intermedium, Z6, and all seven tested lines that different from the band produced by all the common wheat lines, suggesting this is a specific band produced by Thinopyrom intermedium including 2Ai-2 chromosome and conforming all the tested lines having the 2Ai-2 chromosome or chromosome fragment. Combining the chromosome numbers of all the tested line, the results indicated that N420 and N439 are 2B/2Ai-2 substitution lines and N431 and N452 are 2D/2Ai-2 substitution lines. N523 with 40+2t chromosomes is a 2D/2Ai-2 (X arm) ditelosomic substitution line. N530 and N545 are 2Ai-2 (X arm) ditelosomic addition lines. The results not only confer us the very important information for the wheat breed program with BYDV- resistance. But also suggest that using agarose gel to analyse the PCR products of SSR in detecting wheat and alien chromosome substitution line or larger fragment may be a economic but effective method.

* The work of SSR analysis accomplished in National Agricultural Research Center for Tohoku Region, Morioka, Iwate, Japan (December10, 2002~ March 7, 2003). The project supported by 863 program 2001 AA211011 and Japan International cooperation Agency. 

Inheritance of Resistance to Leaf-feeding Insects and Mapping of Related Genes with SSR Markers in Soybean
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Leaf-feeding insects cause serious yield-loss in soybean, however the genetic mechanism of resistance to these pests has not been demonstrated clearly. One objective of this study was to determine the inheritances of resistance to leaf-feeding insects in the field and that to cotton worm (Prodenia litura, Fabricius) in the net room. Recombinant inbred populations of 139 F2-derived lines from the cross of N20226 and N3039 was used. In the field, the plants were evaluated for the amount of defoliation .The result indicated a two major genes plus polygenes mixed inheritance model for insect resistance. The heritability values of major genes were about 69.68%. The RIL populations were also planted in the net room and leaves from each line were picked. Cotton worm larvae were reared on individual lines of the RIL populations and several larval traits were examined. Analysis of mean weight of surviving larvae indicated that two major genes and polygenes controlled the inheritances. The heritability of two major genes was about 51.19%, thus major genes played the key role for resistance. Analyses of mean pupae weight and duration of larval developmental demonstrated the similar result, however the heritability of polygenes with about 48.54%, was greater than the major genes.

Another objective of this study was to determine quantitative trait loci (QTLs) controlling insect resistance of soybean by estimating linkage to simple sequence repeat (SSR) markers. The same recombinant inbred (RIL) population from the cross of N20226 and N3039 was tested. Eggs or larvae of cotton worm were obtained from the soybean field. Larval weight, larval stage and pupal weight were examined in as index of resistance. Data recorded were larval weight at 10d; pupal weight at 3d after pupation; number of days to reach pupal. Using the intergrated genetic linkage map of soybean (Cregan et al. 1999), we chose 103 SSR markers scattering on 8 linkage groups (LGs) that had the potential to map QTL of resistance to insects. It was found that 18 SSR showed polymorphic DNA bands between N20226 and N3039. With t-test analysis and one-way analysis of variance, five markers (Satt363， Satt135，Satt311，Satt574，Satt434) were found related to resistance traits situating on three LGs, i.e. D2, C2, and H. The individual effect of each QTL was reported as R2 value, with about 2.89%-9.73%. Meanwhile, several genes encoding proteinase inhibitors have been cloned from soybean accessions that show high resistance or high susceptibility to leaf-feeding insects, with the potential to be applied as CAPS markers for MAS procedures.

Supported by National 973 program (G1998010206), and National 863 program (2002AA211052)

Inherited Analysis and Molecular Markers for Resistant Genes to Puccinia Striiformis West. of a Wheat Cultivar Guinong No. 22 

Dong Haili, Jing Jinxue, Wang Meinan, Wang Yang, Shang Hongsheng, Li Zhenqi

College of Plant Protection, Northwest Sci-tech University of Agriculture and Forestry, Yangling Shaanxi  712100

Stripe rust，caused by Puccinia striiformis West., is one of the most devastating disease of wheat throughout the world. In China, the disease is most destructive in Northwestern and Southwestern. The use of resistant cultivars is the most effective, economical, and environmentally friendly approach to controlling the disease. Haynaldia villosa, a wild relative of wheat, carry resistant genes to wheat stripe rust, and the genes have been introgressed into wheat cultivars, and are effective against many races of Puccinia striiformis in the wheat planting zone.

In the past several years, our research team have collected 25 wheat cultivars and lines which hybridized with wheat and Haynaldia villosa, and studied for their resistance to stripe rust. The main results are as following: 

1. Twenty-five translocation lines of Haynaldia villosa were measured and demonstrated the resistance genes from Haynaldia villosa has been introgressed and could be expressed in the common wheat background. Guinong No.22 was found to have high resistance to wheat stripe rust among the examined wheat lines. The further results demonstrated Guinong No.22 can resistance to all the epidemic stripe rust races of China in seedling and adult stage, the infection types were 0 to 0;. These results showed the chromosome fragment derived from Haynaldia villosa in Guinong No.22 has effective resistance to stripe rust.

2. The inheritance rule of rust resistance of Guinong No.22 has analyzed, and the results showed at least three different genes were responsible for the stripe rust resistance of Guinong No.22 to CY29, CY30 and CY31, respectively, by evaluating the F2 lines and F3 families of the reciprocal cross between Guinong No.22, which is resistant to all three races, and Huixianghong, which is susceptible to all three races. The results from BC1 plants were also support this conclusion. 

3. The further study found one gene conferring to the resistance to the isolate CY29-Mut3 of stripe rust. In order to find the molecular markers linked to this gene, bulked segregant analysis , based on a bulked DNA sample from resistant lines vs a bulked DNA sample from susceptible lines,was used to screen the primers. The total 237 single random 10bp primers were tested , eleven primers showed significant polymorphism fragments between the two bulks and were selected for further screening the plants of the F2 plants. The primer OPU-1 and OPI-6 can amplify one band approximate 300bp and approximate 1.2Kb in resistance plants, respectively. The two bands closely linked to the resistance genes, the recombination rate were 3.0% and 6.0%,and the genetic distance were 2.4cM and 6.5cM, respectively. The two markers were isolated and cloned, will be transfer to SCARs markers.

These markers provide a useful tool for wheat molecular marker assisted-selection and pyramid breeding for stripe rust resistance.

This research was supported by grant from ‘973’ programme of the Ministry of Science and Technology of the People’s Republic of China (g2000016202), and the project of Science and Technology of Shaanxi Province (2002K01-G6).

Investigation on Cytoplasm Male Sterility in Maize(zea mays) A Preliminary Study on Identification the Group of Y11-1 Type Male-sterile Cytoplasm

Qin Tai-chen, Deng De-xiang, Xu Ming-liang, Chen Ruo-lei*, Bian Yan-long

Laboratory of Biotechnology, Yangzhou University; Hetorosis Research Lab. Of Agriculture College, Yangzhou University, Yangzhou 225009 China

The results were indicated that three restore genes loci are involved in the restoration of male-sterile line of C group and Y11-1 type, among them the third one aren’t the same between of C and Y11-1 male-sterile cytoplasm. Inoculating with T-toxin, the male-sterile line Y11-1 type shows a much higher resistance than that of male-sterile cytoplasm T group. The int DNA in the male-sterile cytoplasm with U8112 same nuclear background of T. S. C group and Y11-1 type have been indentificated by RAPD through using 40 arbitray primers. Differences in hand patterens of this four kinds of mtDNA were observed. Consequently, there are many differences between the mtDNA amplified electorphoresis band patterens of Y11-1 type and that of T group or S group. Some differences between Y11-1 type that of C group have also been found. In this way, the polymorphies were reported. According to these results we suggest that the male-sterile line Y11-1 type may be a valuable germplasm. The different Y11-1 type male-sterile hybrids with the same cytoplasm of maize have been applying in the broad range of application, such as Suyu 6, Suyu 12, in 8 provinces of china are planting about 1.33 millions hm 2, the new Y11-1 type male-sterile hybrids Suyu 16 and Suyu 17 (three lines) also has been applying in maize production. Whereas the classification of Y11-1 type male-sterile cytoplasm mtDNA needs further research at molecular biology level. We would apply the technique of mtDNA sequence analysis to the division of male-sterile line Y11-1 type.

* Shanghai Key Laboratory of Agricultural Genetics and Breeding Agro-Bio Research Center. Shanghai Academy of Agricultural Science, Shanghai, 201106 China)

Mapping and Characterization of a Rice Tiller-spreading Mutant lazy1

Li Peijin1, Qian Qian2, Xu Dan1, Gu Dai1, Li Jiayang1
1The institute of genetic and developmental biology, Chinese Academy of Sciences, Beijing 100101. 
2 The institute of rice in China Hangzhou 310000

Tiller angle of rice is an important agronomic trait that contributes to breed new varieties with ideal architecture. In this study, we described a rice mutant whose tiller angle is altered.At the seedling stage, its newly developed tillers grow with a large angle which leads to a “lazy” phenotype at mature stage.Genetic analysis indicates that this tiller-spreading phenotype is controlled by one recessive gene that is allelic to a reported mutant la, so the mutant was named as la-2 and la renamed as la-1. To map and clone the the LA gene, we constructed a large mapping population. Genetic linkage analysis revealed that the LA gene is located between the 2 SSR markers RM202 and RM229. By using the 6 newly developed molecular makers, the LA gene was placed within a 0.4 cM interval on Chromosome 11, allowing us to clone the LA gene and study  the mechanism that controls rice tiller angle at molecular level.

Molecular Characterization of Glutenin Subunit Genes of Thinopyrum Intermedium 

XU Hong1,2,  ZHANG Xiang-Qi2, DENG Zhi-Yong2 , WANG Xian-Ping2,  GUO Ai- Guang1
1The College of life science, Northwest Sci-Tech University of Agriculture and Forestry, Yangling 712100, Shaanxi, P R China; 2The State Key Laboratory of Plant Cell and Chromosome Engineering, Institute of genetics and Developmental Biology, Chinese Academy of Sciences, Beijing 100101 P R China;)

Glutenin is the special storage protein in seed of Triticeae, which play an significant role in the determination of wheat flour processing quality as the primary component of gluten protein. It’s important to clone the glutenin subunit gene and assess the molecular characters of glutenin. The information of glutenin from the wheat relative speices would be helpful to obtain more varieties of glutenin subunit and screen the useful gene for wheat improvement.

Thinopyrum intermedium （Host）Barkwarth (= Agropyron f intermedium（Host）Beav or Elytrigia intermedia（Host）Nevski，2n=6X=42, E1E1E2E2XX)，is one of wheat related species, possess many desirable characteristics for wheat improvement. In this experiment, the glutenin subunit component of Th.intermedium were studied, a few glutenin subunit genes were cloned, and the molecular characterization of novel genes were analyzed. It would be useful to find candidate genes from Th. intermedium for wheat quality breeding.

By the analyses of the glutenin SDS-PAGE results, we identified the special band of Th. intermedium, and found the difference between glutenin locus of wheat and Th.intermedium. Six High-molecular-weight glutenin subunit genes of Th. intermedium were cloned by Genomic PCR with a pair of degenerate primers. These genes were named as Ax-1, Ax-3, Ay-1, Ay-2, Ay-3 and Ay-4, which had similar primary structure with other reported HMW-GS genes, and were high degree homology with x-type and y-type subunit genes of wheat. There were in-frame stop codons in 4 novel y-type subunit genes, indicated they were pseudogenes. The N-terminus of Ay-1 and Ay-3 contained 105 amino acid residues and had many mutation points, different from other y-type genes.

Four novel Low-molecular -weight glutenin subunit genes were cloned from genomic DNA of 

Th. intermedium. According to N-terminus sequence of amino acids deduced from nucleotides, these genes could be classified into two new types termed as Ai-M and Ai-Q type LMW-GS gene, different from previous published LMW-GS genes. Two Ai-M type genes (pAL1306 and pAL507) were expressed in E.coli in vitro, the molecular weight of protein expressed were 38.7KD and 39.4KD respectively. 

The comparison of molecular characterization of glutenin subunit genes with wheat sugessed that, the novel subunit varieties existed in Th.intermedium seeds, this grass would be a new materiel for wheat quality breeding. 

Molecular Mapping of an A. Cristatum Derived Powdery Mildew Resistance Gene Pm31 Transferred to Common Wheat

W.Q. Wang1, 2  L. H. Li1  X. M. Yang1  Y. C. Dong1
1Institute of Crop Germplasm Resources, Chinese Academy of Agricultural Sciences, Beijing 100081, P. R. China; 2State Key Laboratory of Tropical Crop Biotechnology, Chinese Academy of Tropical Agricultural Sciences,Haikou, 571101, P. R. China  e-mail: wquanw@hotmail.com Tel: 0898- 66894533, Fax: 0898-6689097

A new powdery mildew resistance gene originated in Wula, a wheat-A.cristatum derivatives selected from BC2 of hybrid Fukuho×A.cristatum (Z559)was named based on molecular mapping and response pattern to isolates. It’s indicated that Wula was immune to almost all the 20 powdery mildew isolates except to E21 with middle susceptible, similar to the response pattern of Pm13. By establishing DH population of Wula×Wenmai No.6(susceptible), genetic location and molecular mapping of the powdery mildew gene were carried out. The response pattern of DH plants showed 1:1 ratio of resistance to susceptible individuals indicats that the resistance controlled by a single dominant gene. Bulked segregation analysis was used to identify microsatellite markers linked to the gene. Three SSR markers Xgwm341,Xgwm383 and Xgwm645 were mapped in coupling phase to the gene locus, thus, this resistance gene was located on long arm of 3D chromosome. The gene was mapped between Xgwm341 to Xgwm383 with 29.4cM and 26.6cM respectively. And Xgwm645 was mapped 26.4cM outer Xgwm341. Because there hasn’t been powdery mildew gene located on 3DL until now, and the Pm13 already has been located at 3BS or 3DS, so, this is a new powdery mildew resistance gene originated in A. cristatum It is designated Pm 31 tentatively. The paper discussed the probably utilization of this important gene, given the suggestions and the perspective in the future.

Molecular Tagging of Two Resistance Genes to Maize Dwarf Mosaic Virus

WU Jian-yu , DING Jun-qiang , DU Yan-xiu , XU Yan-bo

College of Agronomy, Henan Agricultural University, Zhengzhou 450002

Corresponding author: wtong@public2.zz.ha.cn

Maize dwarf mosaic virus is the one of devastating and widespread viral disease in the world. It has been becoming economically important in many areas of China, such as Liaoning, Hebei, Shanxi, Shandong, Sichuan, Henan provences since the late of 1980s. The breeding and cultivation of resistant varieties is the basic and most important way to prevent the yield losses caused by the pathogen. The resistant materials and their inheritance pay an important role in the efficiency of resistant breeding. It is a basic work on resistant breeding to identify new resistant materials and resistance genes. A new elite inbred line Siyi was identified with the two resistance genes to maize dwarf mosaic virus in 2000 and 2001. Thus, we focused on the genetic analysis and mapping of these genes by microsatellite markers, these work will be beneficial for the marker assistant selection and map based cloning of the resistance genes.

Materials and methods: The parents, F1, F2 and backcrosses from the combination Siyi×Mo17 were planted to study the inheritance of resistance to maize dwarf mosaic virus. It was used to map the new resistance genes by the analysis of F2 progeny from the combination Siyi×Mo17.

Results: Based on the genetic analysis, 130 pairs of microsatellite primers distributed randomly on 10 chromosomes were selected to screen parents and different paints in resistance from F2 progenies, In which only 10 pairs of microsatellite primers on chromosome 3 and 16 pairs of microsatellite primers on chromosome 6 were able to identify the polymorphic fragments which amplified in parents and different plants in resistance from F2 progenies. Two dormant genes, one on chromosome 3, the other on chromosome 6, were identified both near the chromosome  centromere. The genetic analysis on phenotype was confirmed by the molecular analysis. The primers, UMC1527, UMC2020, bnlg1600 and phi075, linked tightly with the two resistance gene respectively were amplified successfully on both parents and 242 individuals selected from 350 individuals of F2 progeny, the genetic distances between markers and genes were calculated, which showed markers bnlg1600 and phi075 flanking the resistance gene on chromosome 6 were 2～3cM and 4～5cM respectively, markers UMC1527 and UMC2020 flanking the resistance gene on chromosome 3 were 1～2 cM and 5～6 cM respectively.
Discussion: The function of the two genes was further studied based on the F2 plants genotype analysis and the comparison of field data investigated at different stage, the gene on chromosome 6 closely related to the resistance reaction at seedling stage when investigated one week later after inoculation.

Overdominance and Epistasis Play Important Roles in Genetic Basis of Maize Heterosis

YAN Jianbing1, TANG Hua1, HUANG Yiqin1, SHI Yonggang2, ZHENG Yonglian1, LI Jiansheng 3*

1National Key Lab of Crop Genetic Improvement, Huanzhong Agricultural University, Wuhan, China 430070；2Xiangfan Chia-Tai Agricultural Development Co., LTD., Xiangfan, Hubei, China 441104; 3National Maize Improvement Center of China, China Agricultural University, Beijing, China 100094

* Corresponding author, e-mail: lijs@163bj.com
Maize is one of the most important crops in China. Heterosis has made a great contribution to maize production. But until now, the genetic basis of heterosis is not fully understood because of analysis method and technology limitations. Recently, the rapid development of molecular markers technology provides a great opportunity to study heterosis. The purposes of this investigation are to map yield and yield comments QTL with molecular markers and to analyze their genetic effects in maize. An F2:3 population from an elite hybrid (Zong3×87-1) was utilized for evaluating yield traits in two locations, Wuhan and Xiangfan, respectively. The mapping population included 266 F2:3 family lines. A genetic linkage map containing 150 SSR and 24 RFLP markers was constructed, which spanned a total of 2531.6cM with an average interval of 14.5cM. By CIM (LOD≥2.5), 102 QTL were detected for 10 yield traits and 34 were common in both locations. The number of QTL for different single yield trait ranged between 7 and 14. The contributions to phenotypic variations for the single QTL varied from 2.8% to 22.1%. Additive effects, partial dominance effects, dominance effects and overdominance effects were all detected at QTL for different traits. More proportion overdominance effects were always observed in QTL for traits that had higher heterosis. At P≤0.005 level, 1097 and 1352 significant digenic interactions were detected in Wuhan and Xiangfan for 10 yield traits using all possible loci pairs by two ANOVAs between the 174 co-dominace markers, respectively. At P≤0.01 level, 174 significant digenic interactions were detected simultaneously for 10 yield traits in both two locations. The number of significant digenic interactions varied between 4 and 56 according to the different traits. All 4 possible digenic interaction types were observed. Totally the proportion of AA type was 43.8%, AD (DA) type was 45.8% and DD type was 10.4%. Each of the interactions accounted for only a small proportion of the phenotypic variation with the average of 4.0% for single interaction. Most interactions (71.7%) occurred between two loci both showing non-significant effects to traits. These results demonstrated that overdominace and epistasis play important roles in genetics basis of heterosis for maize yield traits.

Partial DNA Transfer from Wild Millet to Common Wheat by Asymmetric Somatic Hybridization

Aixia Cheng, Guangmin Xia*

School of Life Sciences, Shandong University, Jinan 250100, Shandong, China
*corresponding author: Tel 0531-8564525 E-mail xiagm@sdu.edu.cn

Due to different long-term subculture and selection, two types of calli of the same wheat c.v. Jinan 177 were obtained. One grew fast and was easy to form cell suspensions that were non-regenerable but the protoplasts originated from them possessed high division capacity (named cha9). The other was regenerable but the protoplasts from them grew slowly (named 176). Fusion combination between either cha9 or 176 protoplasts and UV-treated wild millet (Setaria italica (L.) Beaur) protoplasts failed to give regenerated green plants. However, when the two types of wheat protoplasts were mixed together as recipient and fused with wild millet, green plants were obtained. 

The hybrid nature of regenerated calli and plants was confirmed by the analysis of cytological, isozyme, 5SrDNA spacer sequences and RAPD. From the morphological observation and nuclear analysis, we can conclude that the somatic hybrids obtained in this study were highly asymmetric. This was probably determined by both the usage of UV to the donor parent and the distant phylogenetic relationship between wheat and wild millet.

The chloroplast genomes of hybrids were analyzed by using several chloroplast SSR primers specific to wheat. At the Wct13 and Wct7 sites, cpDNA of the somatic hybrids between common wheat and wild millet exhibited co-existence and recombination although in some clones chloroplast derived from the parental wheat. The hybrid clone with recipient DNA of both cha9 and 176 as well as donor DNA of both nuclear and chloroplast had higher regeneration capacity and produce more vigorously green plants.

In this study, we obtained a new combination of nuclei and organelles after remote related protoplast fusion with the system of two types of wheat protoplasts as recipient. This system may have important applications to transfer useful nuclear/cytoplasmic genes from wild grasses into wheat. 

Primary Characterizing and Genetic Analysis of a Compact Panicle Mutant in Rice (Oryza sativa L.subsp. japanica)

Wang Dekai, Sun Zongxiu*


Key Laboratory for Rice Biology, Ministry of Agriculture; China National Rice Research Institute, Hangzhou, Zhejiang, P.R. China, 310006 
* Correspondence author: E-mail: keylab@public.fy.hz.zj.cn
A compact panicle rice mutant was screened from the T-DNA insertional rice (Oryza sativa L.subsp. japanica cv. Zhonghua 11) mutant pool which was established by Agrobacterium-mediated transformation with plasmid pDsBar1300H . Bar gene that is Basta-resistance was used as reporting marker. In T1 generation, the mutant exhibited three types phenotypes, i.e. wild type, middle-type and extremely-type. The extremely-type mutant plants showed dramatically reduced the plant height and panicle length. Its average plant height and panicle were only 68% and 42% of the wild-type plants, respectively. Moreover, the internode lengths among branchs of panicle and rachilla in extremely-type mutants were obviously shorter than that in wild-type plants. Otherwise, the middle-type mutants showed middle extent character between extremely-type mutant plants and wild-type plants. Their average plant height and panicle length was 90% and 67% of the wild-type plants, respectively.

To test the segregation pattern of the mutant, two type mutants were planted separately. The plants in T2 generation, which derived from T1 middle-type mutants, exhibited three types phenotype, i.e. wild type, middle-type and the extremity-type. The segregation ratio of the wild type, the middle-type and the extremity-type plants was 1:2:1. In the contrary, the extremely-type mutants showed stable inherited. Furthermore, the segregation ratio of the middle mutant type and the wild type number was 1:1 in the F1 generations, which derived from the middle-type mutant plants backcross with the wild-type plants. The results showed that an incomplete dominance gene probably controlled the compact panicle mutant. 

The results of the Basta-resistance test in T1 generations showed that the mutant contains a single T-DNA inserted locus. The flanking sequence of T-DNA was amplified by Tail-PCR and was analyzed by Blast program in NCBI genomic database. The results showed that the T-DNA inserted into the 3’ UTR of a putative gene encoding a homeobox family transcription factor which controlling the important developmental processes. The additional analysis of the mutant is carrying out. 

Production of Wheat HMW Deletion Mutants and Germplasm Enhancement of Wheat Grain Quality and Disease Resistance

Yiwen Li , Yinfeng Zhu , Xu Jia

The State Key Laboratory of Plant Cell and Chromosome Engineering, Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, Beijing 100101, China
Wheat grain quality for end-use is mainly influenced by the component of high molecular weight subunits (HMW-GS) which controlled by a number of genes on the short arm of group in Triticum aestivum L. Little know about the function of HMW-GS genes even much effort was focused on it. Production of different subunit mutants is an ideal way for us to understand the impact of a single gene on wheat grain quality for end-use and its interaction with other proteins during the formation of wheat grain. For this aim, we expected to produce HMW mutants through chemical mutagen. A commercial variety, Xiaoyan54, which contains subunit 1,2,12,14,15, was treated with a chemical mutagen agent 10-12 hours after flowering. SDS-PAGE was applied to screen M1 seeds of treated plants. Some 26 HMW deletion mutants involving subunit 1, 2+12,14,15,14+15 were found in 11,240 M1 seeds. These mutants could inherit stably in our planting experiments. Sequencing analyses of a Bx14 deletion mutant showed that there were some differences in the sequences of Bx14 gene and its promoter between normal plant Xiaoyan 54 and its deletion mutant. All the HMW deletion mutants were backcrossed with normal Xiaoyan 54 for producing INL lines. Expression experiments of the mutant structure gene and its promoter is ongoing to make us know which one is the reason for silencing of Bx14 gene. 

Introducing of interest genes from species related to common wheat (Triticum aestivum L.) into common wheat is one of the most efficient ways for wheat improvement. Rye has been successfully used in wheat breeding and production for about thirty years because of a number of genes resistant to wheat diseases on its 1R short chromosome arm. Collected data showed that more 400 famous commercial varieties were planted worldwide carrying rye 1RS chromosome from either rye Imperial or rye Pekus. Their disease resistance gradually lost because of long-period utilization in wheat production. For overcoming this problem, we cultivated a new type of wheat-rye 1BL/1RS translocation lines through cell and chromosome engineering combining with conventional breeding method.  A new gene resistant to wheat powdery mildew was found in these germplasms based on the experiments of identification of powdery mildew isolates.  Average yield of a line named as Yumai 66 reached 720Kg per mu on 20 mu area in year 2000 and was approved to release to nationwide for commercial utilization by the committee of national variety in year 2002. We also tried to combine recurrent backcross and molecular assisted selected technology to transfer Bx14 gene in Xiaoyan 54 to the background of Yumai 66 for improving the grain quality of Yumai66. Some high generation lines carrying Bx14 gene (identified by a STS marker of Bx14gene and SDS-PAGE) with phenotype and disease resistance Yumai 66 have been well established so far. We expect that these lines will make a more important role in wheat improvement.

QTL Mapping for Lodging Resistance Under Upland and Lowland Ecosystems

MU Ping, LI Zi-chao *, LI Chun-ping, ZHANG Hong-liang and WANG Xiang-kun

Key Lab of Crop Genomics and Genetic Improvement, Ministry of Agriculture; Key Lab of Crop Genetic Improvement, Beijing,  China Agricultural University,  Beijing, 100094, P.R .China
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A DH (Double Haploid) population derived from the cross between Japonica upland rice IRAT109 and Japonica lowland rice Yuefu, cultivated in upland and lowland ecosystems, was used in this study. A molecular map with 94 RFLP markers and 71 SSR markers covering 1535.1cM was produced. 3 culm traits, basal culm thickness, culm length and culm strength were examined under upland and lowland ecosystems. The phenotypic correlations between traits showed that basal culm thickness and culm length were positively correlated with culm strength under upland and lowland ecosystems. This result indicated that strong culm strength contributed by bigger basal culm thickness and longer culm length. QTLs for basal culm thickness, culm length and culm strength were obtained based on the constructed molecular linkage map and software QTLmapper version 1.0. A total of 10 additive QTLs and 5 pairs of epistatic QTLs associated with these traits were found. These QTLs individually explained 4.44%-38.79% of phenotypic variance. There were 4 additive and 2 pairs of epistatic QTLs under lowland ecosystem and 1 additive QTL under upland ecosystem for basal culm thickness. For culm length, 3 additive QTLs, 3 additive and 1 pair of epistatic QTLs were found under lowland and upland ecosystems respectively.  Two pairs of epistatic QTLs associated with culm strength were detected under upland ecosystem. Of the QTLs detected for culm traits, 3 additive QTLs (bct1 and bct7 for basal culm thickness, cl9 for culm length) and 3 pairs of epistatic QTLs (cl6a, cl6b for culm length, cs1 and cs10, cs5 and cs12 for culm strength) were found to have high general contributions of over 20%. These QTLs will facilitate marker-assisted selection in rice lodging resistant breeding.

QTL Mapping for Quality Traits in Wheat

Li Si-shen , Sun Hai-yan

College of Agronomy, Shandong Agricultural University, Taian 271018

The QTLs of 19 quality traits were studied using a population of recombinant inbred lines (RILs) in this paper. The main results were as follows: 

(1) A population of 131 recombinant inbred lines, RIL-8, were created from the cross of Chuan35050 and Shannong483. The polymorphism of the lines of RIL-8 was detected using HMW-GS markers and 51 SSR primer pairs. The HMW glutenin subunit compositions of the parents, Chuan 35050 and Shannong 483, were (1, 7+9, 5+10) and (N, 7+8, 2+12), respectively. A marker genetic linkage map with 18 chromosomes and 58 polymorphic sites covered 1296.7 cM of wheat genome was carried out.

(2) Totally 21 QTLs on 7 chromosomes for 13 quality traits (GMP content, zeleny sedimentation value, dough development time, dough stability time, breakdown time, peak viscosity, trough viscosity, breakdown, final viscosity, setback, peak time, pasting temperature, falling number) were mapped, and 6 of 21 QTLs were located at chromosome 6B. The contribution rates of single QTL were mostly above 10% and the largest was 35.5%. The QTLs with larger effects (>20%) were QZsv.sdau-2A, QDdt.sdau-1D, QDst.sdau-1D, QBt.sdau-1D, QPv.sdau-6B, QTv.sdau-6B, QFv.sdau-6B, QSb.sdau-6B, QSb.sdau-7A and QPt.sdau-6B. While contribution rates of Qddt.sdau-2A and Qpte.sdau-2D were below 10%. The rest were between 10% and 20%.

(3) The QTLs for dough development time, dough stability time and breakdown time were mapped first time in this paper, and 3 additive effect QTLs, namely QDdt.sdau-1D, QDst.sdau-1D and QBt.sdau-1D, were detected. Their contribution rates were 35.50%, 31.22% and 29.38%, respectively. At the same time, GMP content was firstly mapped and their QTLs were located at 6B and 7B chromosomes, and the contribution rates were respectively 11.61% and 12.63%. 

(4) QTLs with interaction effects were also detected. Senven pairs of interaction QTLs for 7 quality traits (Protein content, Drygluten content, Trough viscosity, Final viscosity, Peak time, Falling mumber, Swelling power) were located at 6 chromosomes, and the number of QTLs at 6B was the largest. The range of contribution rates in different single interaction effects was 12.44～16.86%. 
(5) Some SSR markers of eight QTLs were obtained and could be used in molecular marker assisted selection (MAS).

TL Mapping of Ten Agronomic Traits on Genetic Map Including EST Markers in Soybean ( Glycine max L.)

Wanke Zhang1, Yongjun Wang1, Guangzuo Luo1, Jinsong Zhang1, Shouyi Chen1, Junyi Gai2, Deyue Yu2.
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A set of 184 recombined lines derived from soybean varieties Kefeng No.1× Nannong1138-2 was used to construct a genetic linkage map. The two parents exhibit contrasting characterization for most traits that were mapped in the present study. Using simple sequence repeats (SSRs), restricted fragment length polymorphisms (RFLPs) and expressed sequence tags (ESTs), total 452 markers have been placed onto 21 linkage groups and covered 3595.9cM. All of the linkage groups except F were consistent with the Cregan’s consensus map. In this study, the F linkage group was divided into two linkage groups, F1 and F2. The map consisted of 189 RFLPs, 219 SSRs, 40 ESTs, 3 R genes and one phenotype marker. Ten agronomic traits of days to flowering, days to maturity, plant height, nodes on mail stem, Lodging, pods per node, protein content, oil content, 100-seed weight, and plot yield were studied. Using WinQTLCart, Sixty-three QTLs that had LOD scores more than 3 were detected for nine agronomic traits except seed oil content and mapped on 12 linkage groups. Most of QTLs were clustered, especially on group B1 and C2. Some QTLs were mapped on the same loci. This pleiotropism was common for most QTLs and one QTL could influence at most five traits. Seven EST markers were found linked closely or on the same loci as QTLs. GmKF059a, encoding a repressor protein and mapped on the group C2, accounted for more than 50% of the total variation of days to flowering, plant height, lodging and nodes on main stem, respectively. 

QTLs Mapping for Developmental Behavior of Plant Height in Maize

YAN Jianbing1, TANG Hua1, HUANG Yiqin1, SHI Yonggang2, LI Jiansheng1,3& ZHENG Yonglian1
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Plant height of maize is one of important agronomic traits closely related to stalk lodging and plant density. With the increase of planting density recently, selecting suitable heights of hybrids has been paid more attention in breeding. The rapid developments of molecular markers and statistics analysis software provide powerful tools to locate, to isolate and even to clone the genes and QTLs affecting plant height. The purposes of this investigation are to map, with molecular markers and based on the combination of composite interval mapping method and the conditional analysis method, the QTLs affecting developmental behavior of plant height. Based on the randomized complete block design, a F2:3 population consisting of 266 lines from an elite hybrid (Zong3×87-1) was utilized for evaluating plant heights in five different developmental stages in two locations, Wuhan and Xiangfan in South China. A genetic linkage map containing 150 SSR and 24 RFLP markers was constructed, which spanned a total of 2531.6cM with an average interval of 14.5cM. Totally 8 QTLs (LOD>2.5) affecting plant height development were mapped on 5 different chromosomes with the composite interval mapping based on unconditional analysis. All of the QTLs were detected in two locations, but there were some difference in testing stages and effected values. Totally 7 QTLs (LOD>2.5) affecting plant height development were mapped on 5 different chromosomes based on conditional analysis, and 5 of them were detected in two locations. The additive value of each conditional and unconditional QTL varied between 0.3 and 17.3. The result suggests that some QTLs affecting plant height can be detected in the developmental earlier stage of plant height. It also indicates that only based on the total QTLs detected in different developmental stages, can we achieve the expected results when performing molecular marker assistant selection for quantitative trait. 

. 

Study on Single Nucleotide Polymorphisms(SNPs) in Drought-tolerant Wheat Germplasm

Zhang Chuan-fu1,2, Jing Rui-lian1*, Gao Ning1,2, Chang Xiao-ping1, Jia Ji-zeng1
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Direct analysis of genetic variation at the DNA sequence level at many loci has become possibility in recent years due to improvements in sequencing technology. High throughput genotyping methods, including DNA chips, allele-specific PCR and primer extension approaches make single nucleotide polymorphisms (SNPs) especially attractive as genetic markers. If a whole-genome scan is to be undertaken, gene mapping by allele association requires high marker density which could be provided by SNPs.

Further studies on the nature, frequency and distribution of DNA sequence variation in the drought-tolerant wheat germplasm, would allow better understanding of the diversity and the nature of genetic changes associated with drought tolerance. For this purpose, we surveyed DNA sequence diversity at 25 loci sequences consisted of 9 cDNAs induced by water stress and 12 gene fragments known function related to drought tolerance, such as Em, DREB. PCR primers were designed based on 25 loci sequences.96 accessions with drought tolerance were used as the PCR plate and PCR products of 8 accessions were sequenced. The polymorphisms in PCR products were examined in detail. The first, PCR products were analysed on 6% denaturing polyacrylamide gel and agarose gel and purified using PCR purification kit. The second, PCR products were sequenced directly using T3 and T7 primers.

PCR products amplified from 96 accessions with drought tolerance using 17 pair primers have been detected on denaturing polyacrylamide gels. The polymorphisms in DNA fragment length were very poor. PCR products of 13 pair primers in 8 accessions were purified and PCR products of one pair primer have been sequenced, but did not found single nucleotide polymorphisms (SNPs). The study is in progress.

The cDNA-AFLP Differential Display in Pre-Meiotic Anthers Between Male Sterile and Fertile Lines of the Taigu Genic Male-Sterile Wheat NILs 

Chen Junfang1,2 , Ren Zhenglong2 , Jia Jizeng1
1Key lab of Crop Germplasm & Biotechnology, Ministry of Agriculture, Institute of Crop Germplasm Resources, CAAS Beijing 100081; 2State Key Laboratory of Plant Breeding and Genetics, Sichuan Agricultural University ,Ya’an, Sichuan, 625014 

The Taigu Genic Male-Sterile wheat(TGMSW) is a dominant male-sterile form, which is great valuable in genetic improvement by its inheritance, complete male abortion and high cross-fertilize rate. The dominant male–sterile gene Ms2 is located on the short arm of chromosome 4D with 31.16% recombination from the centromere (Deng JY, 1986). Detailed cytological investigations on sterile anther have been well described in literature for a considerable time. However, little is known about the underlying molecular mechanisms of anther abortion of TGMSW.

To date, traditional methods for differential screening of gene expression have been a labour intensive and precarious and these methods are dogged by problems with false positives and difficulties in detection of rare messages. To determine differential expression of male sterile and fertile plants of Taigu Male Sterile wheat, cDNA-AFLP (amplified fragment length polymorphism), a novel technique combining AFLP and RNA-fingerprinting which overcomes the drawbacks of the previous methods was employed to compare the gene expression in pre-meiotic anthers between the male sterile and fertile plants of Taigu Genic Male-Sterile NILs.

In this study, 469 PstI/MseI primer combinations were analysed in cDNA of male sterile and fertile anthers, as a result, a mean of 18.8 amplification products were detected from the above cDNA templates and 232 differentially expressed transcript derived fragments (TDFs) have been identified. 67 differentially amplified PCR prodcuts specific to either male fertile or sterile anthers were excised from polyacrylamide gels, reamplified and directly sequenced following purification.Of the 67 sequenced fragments, 59 were confirmed by reverse northern hybridazation. The ratio of false positives is 9%, far less than other RNA fingerprinting techniques. Sequence analysis of the cloned PCR products revealed that 32 clones showed significant similarity to known genes in GenBank and 47 clones to known ESTs in wheat(results not shown). Detailed sequence analysis and northern blot analysis are now in progress. 

All the results indicate that the patterns of gene expression differ significantly between male sterile and ferrile anthers and cDNA-AFLP is a suitable tool for study of differential expression of genic male sterility in plants.

The RAPD Markers for Resistant Gene of Xiaoyan No. 6 to Wheat Stripe Rust (Puccinia striiformis West.) Using Bulked Segregant Analysis

Kong Fanna, Jing Jinxue, Wang Meinan, Wang Yang, Shang Hongsheng, Li Zhenqi

College of Plant Protection, Northwest Sci-tech University of Agriculture and Forestry, 

Yangling Shannxi  712100

Stripe rust, caused by Puccinia striiformis West. is a destructive foliar disease in most wheat growing areas of the world, and has been threatening the wheat production of China. Growing resistant cultivars is an efficient and economical method of reducing losses to stripe rust. Xiaoyan No.6 is the famous cultivar developed by China hybridizing between common wheat and Elytrigia elongate in 1980’s of last century. It has been grown over 20 years with its high quality, diseases resistance. It has become one of six cultivars whose planting areas exceeds 6.6 ×106 hm2. In the past ten years, our research team has studied the resistant mechanism of Xiaoyan No.6, and thought it possess of high-temperature resistance belonging to non-specific endurable resistance.

Recently, we studied the inheritance mechanisms of Xiaoyan No.6 and found the useful molecular markers, which will offer the selective markers for marker assisted selection. The results were obtained as follows:

Four races were used to evaluate the resistant inheritance rules in common temperature (15-17℃) and high temperature (20-22℃) by means of F1, F2 and BC1 population from the reciprocal cross of Xiaoyan No.6 and Mingxian 169. The experiments demonstrated Xiaoyan No.6 presented different resistance phenotype in common temperature and high temperature. In common temperature, Xiaoyan No. 6 has different single gene which controls the resistance to four races CY29-mut3, CY-28, CY-27, and CY-25. In high temperature, the resistance ability not only correlated with nucleic inheritance, but also with cytoplasmic inheritance, because of the different segregant rate in F2 population in reciprocal cross. 

The RAPD markers linked to the stripe rust resistance gene were developed and identified. Of the 220 random primers, 13 primers showed polymorphisms between the parents and two bulks, DNA sample from resistant and susceptible lines. Two markers were determined, OPT17700 and OPC111000. The rate of recombination is 7.9% and 8.6%, and the genetic distance between the markers and the resistance gene are 5.16cM and 8.69 cM, respectively, and the markers in coupling phase. OPC111000 can also be found in Xiaoyan No.22 , which carrying the stripe resistant gene from Elytrigia elongate. In order to transfer RAPD marker to SCAR marker, the DNA fragment OPT17700 and OPC111000 were purified and cloned using plasmid vector pBluescript KS, and were sequenced.

This research provide molecular marker for the cultivars derived from Elytrigia elongate, and the markers can test those cultivars carrying the same gene and provide the tools for MAS and pyramiding genes in wheat breeding practice.

Key words: Xiaoyan No.6, wheat stripe rust (Puccinia striiformis West.), the inheritance of stripe rust resistance, RAPD markers
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大豆对SMV1株系抗性基因的分子标记研究
吴俊江 高明杰 蒲国锋 刘丽君*
黑龙江省农业科学院大豆研究所   150086

大豆花叶病毒病是世界大豆产区危害较重的主要病害，本实验中高抗SMV1株系黑农39为母本，高感SMV1株系品种合丰25为父本配置杂交组合，对F1、 F2代接种SMV1进行田间抗性鉴定和抗病性遗传学分析，通过接种鉴定亲本F1、 F2代的抗性表现，证明，对SMV 1号株系的抗性是由一对显性基因决定的。利用RAPD技术在抗感池间寻找多态性标记，通过筛选引物，获得重复性最好的随机引物OPN11。并采用BSA法在黑农39和抗病池扩增出OPN1400片段，在合丰25和感病池扩增出OPN1300片段，在F1同时扩增出OPN1400和 OPN1300。用该引物分析黑农39×合丰25的F2扩增个体，共显性的RAPD标记OPN1400/1300与黑农39抗病基因的遗传距离为8.2cM。

Preliminary  Study  on  Identification  of  Molecular  Marker Associated with Resistance Gene to Smv1
Wu Junjiang  Gao Mingjie Pu Guofeng  Liu Lijun* 

Soybean Research Institute of Heilongjiang Academy of Agricultural Sciences,150086
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Soybean mosaic virus occurs worldwide and it is a major soybean disease in China. Applying the randomly amplified Polymorphic DNA(RAPD)technique, we have analyzed two soybean varieties which were  resistant and susceptible to SMV1 respectively. We have demonstrated the inheritance of resistance of Heinong39 by studying the progenies of the cross of Heinong39 X Hefeng25.We have identified one RAPD marker, which was OPN1400/1300 ,closely linked to SMV resistance gene by BSA in F2 progenies of the cross with genetic distance of 8.2cM.

Research Advance on Phytophthora Sojae
Zhang Shu-zhen , Li Wen-bin , Xu Peng-fei, Ning Hai-long , Zhang Da-yong,  Jinag Zhen-feng

Soybean Institute of North-East Agricultural University,Harbin,150030
Phytophthora root rot caused by Phytophthora sojae is a very serious disease dangerous to soybean all around the world. Although its origination is relatively late, it is the only blight  disease endangering the field crops. Phytophthora sojae has showed widening tendency in the main soybean-production regions since it was firstly found in the United States in 1948. Therefore, there has been many systematic research from the 50s to now abroad, especially the United States. There has been much research advance on isolation of the pathogen , identification of kinds of races, prevalence and prevention of disease, sreening resistant soybean germplasm, resistant mechanism of soybean, etc. In this paper, the research advance of Phytophthora root rot，and especially the resistant meachanism of soybean are summarized to help people learn them. 

Transfer of Powdery Mildew Resistance Genes from Triticum urartu Thum. into Common Wheat (Triticum aestivum L.)

Qiu Yongchun1,2 Mao Xinguo1 Jia Jizeng1
1Key Laboratory of Crop Germplasm & Biotechnology/the Ministry of Agriculture, Institute of Crop Germplasm Resources, Chinese Academy of Agricultural Sciences, Beijing 100081; 2College of Plant Protection, Shenyang Agricultural University,Shenyang 110161
Powdery mildew of wheat, which is caused by Erysiphe graminis f. sp. tritici, is one of the most devastating wheat(Triticum aestivum L. em Theu.) diseases worldwide. Using resistant cultivars is the most economical, effective and environmental safe way to control this disease. Wild relatives of wheat are important disease resistance resources. Diploid einkorn wheat Triticum urartu Thum.(AA, 2n = 14), the donor of the A genome of hexaploid wheats, is a source for improving disease resistance of wheat. To capitalize on the wild germplasm and broaden the genetic basis in breeding of cultivated crops, researches have been probed to transfer the powdery mildew resistance genes from T.urartu into T.aestivum.

11 accessions of T.urartu were identified powdery mildew resistance with 12 strains, two accessions (UR206, UR204) were immune to all strains. The results indicated that they were different from the known Pm genes and most likely carried new powdery mildew resistance genes. Using susceptible wheat cultivars as female to hybridize with the two resistant accessions were carried out. To obtain the hybrids we rescued the immature embryos 12-16 days later after pollination, 477 seeds were obtained without endosperm, 278 immature embryos were cultured on N6+0.5mg/L IBA+0.2mg/L NAA and 173 hybrid plants were produced. The ratio of embryo rescued and seedling established were 13.9% and 8.6% respectively. Different wheat cultivars crossed with T.urartu accessions had different hybrid seeds sets. The F1 hybrids with 28 chromosomes were self-sterile since the anthers do not dehisce. Analysis showed that the chromosome configurations at metaphase I (MI) of pollen mother cell (PMC) was 14-20 univalents, 4-7 bivalents and abnormal bivalents. BC1 progenies were obtained by backcrossing F1 with the corresponding susceptible wheat parents, and backcrossing seeds were produced with the ratio of 13%. The chromosome number of partially fertile BC1 plants ranged from 38 to 41, and backcrossing seed sets of BC1 plants ranged from 28.7% to 71.7%. All of F1 generations were resistant to powdery mildew, the segregation of resistance and susceptible plants of BC2F1 was observed. The chromosome numbers of plants in the progenies of BC2 tend quickly to 2n = 42, which demonstrated that the powdery mildew resistance genes were successfully transferred into common wheat. 

The cross combinations of the two accessions were screened with 179 microsatellite primers of A homozygous group from common wheat, the polymorphism rates were 44.1% and 52.5%, which indicated that T.urartu accessions have high genetic diversity and microsatellite loci in diploid einkorn wheat (T.urartu) are conservative during the long time evolution. 

6VS Chromosomal Polymorphism of Two Wheat-Haynaldia villosum Translocation Lines Resistant to Powdery Mildew by RFLP, RAPD and Biochemical Markers.

Li-hui1,2 Chen-xiao3 Jia-xu1*

1 The State Key Laboratory of Plant Cell and Chromosome Engineering, Institute of Genetics and Developmental Biology, CAS, Beijing, 100101; 2Institute of Cereal and Oil Crops, Hebei Academy of Agricultural and Forestry Sciences, Shijiazhuang, 050031; 3Institute of Crop Breeding and Cultivation, CAAS, Beijing, 100081
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Powdery mildew is a worldwide disease in wheat and has brought serious yield loss every year. Breeding resistant varieties is one of the most effective methods to solve this problem. The gene resistant to powdery mildew from Haynaldia villosum is the strongest and widest one among resistant genes by far. Two wheat-Haynaldia villosum translocation lines have been reported currently in China, one is 6AL/6VS translocation line, developed by Nanjing Agricultural University, its grass (NHV) is from Cambrige in England and another one is 6DL/6VS translocation line, developed by Institute of Crop Breeding and Cultivation, CAAS, its grass (BHV) comes from former the Soviet Union. RFLP, RAPD and biochemical markers analyzed the polymorphisms of 6V chromosome in two Haynaldia villosum accessions. Polymophic bands were detected in 9 probes of 16 probes including Psr106, Psr8, Psr141, Psr312, Psr113, Psr964 in short arms, Psr371, Psr546 and CDO772 in long arm. RAPD analysis was conducted using 120 random primers. Of 120 primers, 5 ones, OPAN031700, OPAI01700, OPAL03750, OPAD07480 and OPAG15580 revealed polymorphic bands between common wheat and Haynaldia villosum. OPAN031700 and OPAL03750 revealed polymorphic bands in two different grass and their relative resistant lines. Gliadin analysis showed that NHV, 6V addition line, 6A/6V substitution line and 6AL/6VS translocation line had a common band in -gliadin zone and BHV, amphidiploid, 6V addition line, 6D/6V substitution line and 6DL/6VS translocation line also have common band but with more larger electrophoretic mobility than that of BHV. The evidences above showed that two of 6VS chromosomes in different Haynaldia villosum accessions were different. 
Supported by Natural Scientific Fund of Hebei province 

Development of Molecular DNA Markers for Genetic Analysis of Puccinia striiformis f. sp. tritici West.

Zhen-Qi Li

Academy of Plant Protection, Northwest Sci-Tech University of Agriculture and Forestry,Yangling, Shaanxi 712100, P. R. China

Due to the economic importance of wheat stripe rust in China, we attempt to develop a kind of molecular DNA markers for genetic characterization of pathogen populations so as to facilitate the extensive understanding of population biology of Puccinia striiformis f. sp. tritici.

The Chinese reference strains of epidemic races of P. striiformis f. sp. tritici were examined for genetic variation by the random amplified Polymorphic DNA (RAPD) assay. A lack of correlation between the virulence and RAPD markers was observed. DNA polymorphism was detected among strains of different as well as of single races. 

In an attempt to develop another class of genetic markers for characterization of P. striiformis f. sp. tritici populations, a genome library of the reference strain of race29 was constructed using pBluescript II KS as a vector. We identified a family of dispersed, moderately repetitive DNA sequences consisted of at least 4 distinct components. These sequences were named PSR (Puccinia striiformis repeat). The four PSR sequences, PSR289, PSR305, PSR331, and PSR389 were shown to be specific to the genome of P. striiformis. This makes it possible to perform DNA fingerprinting of P. striiformis f. sp. tritici with DNAs isolated from pathogen-infected wheat leaves. Using PSR331 as a probe, genetic variation was also detected between the reference strain of Race29 and its UV-induced mutants. 

  Using pPSR331S3 as a probe, a sample collection containing 160 isolates sampled throughout six geographically separated Provinces of China were examined at 26 loci, defined by PSR331S3\BGIII combination, for genetic diversity. The levels of genetic diversity of pathogen populations were varied with different regions. Gene diversities were higher than 0.4 for populations sampled from Tianshui, Gangu and Lanzhou of Gansu Province, as well as Mianyang and Neijiang of Sichuan Province and Yuannan Province, indicating that the complexity of pathogen populations in these locations.

Population subdivision analysis revealed a low level of genetic differentiation among regions (Gst=0.1049). In addition to the low level of genetic differentiation among regions revealed by gene diversity analysis, single genotypes were detected in different subpopulations. This firmed the genetically direct evidence for the long distance migration of P. striiformis f. sp. tritici populations. 

Mapping QTLs for Super Fiber Qualities by SSR Marker in Cotton

Xin-lian Shen, Wang-zhen Guo, Tian-zhen Zhang

State Key Laboratory of Crop Genetics & Germplasm Enhancement, Cotton Research Institute, Nanjing Agricultural University, Nanjing 210095, China

Molecular markers are a potential tool to improve cotton fiber quality. To do this, we used three high fiber strength lines, 7235, HS427-10, PD6992 and two conventional cultivars, TM-1 and Simian 3 to construct three intraspecific mapping populations for screening QTLs associated with fiber qualities by SSR maker. In (HS427-10×TM-1)F2 and F2:3 populations, 44 polymorphic loci were grouped into 7 linkage groups with 11,4,3,3,3,2 and 2 loci, respectively, as well as 16 unlinked loci. Using interval mapping, nine quantitative trait loci(QTLs) controlling fiber quality properties were identified. Among them, two QTLs for fiber strength on chromosome 16 and 23, two for fiber length on chromosome 23, three for fiber elongation on chromosome 20 and 23, one for fiber uniformity on chromosome 16, and one for Micronaire on chromosome 25. A stable QTL for fiber strength was detected in F2 and F2:3 population, explaining 12.5%-16.9% of the phenotypic variance. The recombinant inbred lines (RIL) population derived from cross between 7235 and TM-1 produced 76 polymorphic loci, of which 13 loci were distored from expected ratio 1:1. All the 63 loci with normal segregated ratio were grouped into 9 linkage groups with 11,8,7,5,5,3,2,2 and 2 loci, respectively, as well as 19 unlinked loci. By use of QTL MAPPER 1.0 of the mixed linear model(Wang, 1999), eleven QTLs for fiber properties such as one QTL for fiber length on chromosome 23, two QTLs for fiber strength on chromosome 10 and 16, two QTL for fiber elongation on chromosome 10 and 16, two QTL for fiber maturity on chromosome 10 and 16, two QTLs for micronaire on chromosome 10 and 23, one QTL for  on chromosome 16, one QTL for on chromosome 9, and four QTLs for yield components such as one QTL for seed index on chromosome 10, one QTL for boll weight on chromosome 10, two QTLs for lint percentage on chromosome 23, were detected to have significant additive effects. All QTLs with additive effects did not exhibit significant GE interactions. Twelve significant additive-additive interactions were detected, of which two occurred between QTLs with own additive effects (MepQTLs), five occurred between QTLs showing epistatic effects only (epQTLs), and five occurred between MepQTLs and epQTLs. By use of (PD6992×Simian3)F2 population, one QTL for fiber length on chromosome 16 and two for fiber strength were detected. Most of QTLs (88%) detected in our research were located in chromosome 10, 16 and 23, especially in chromosome 23. Some QTLs for fiber properties and yield components with inverse effect are on the same chromosome, indicating the difficulty in improving fiber quality and yield simultaneously. The QTLfl for fiber length and the QTLfs-2 fiber strength can be found in ( HS427-10×TM-1)F2:3 and (7235×TM-1) RIL lines simultaneously. Maybe they have common origin. These two QTLs should be potential in marker-assisted selection

Progresses in Fine Genetic Mapping of Bacterial Blight Resistance Gene Xa3 in Rice

Yi Xiang, Shiping Wang

National Key Laboratory of Crop Genetic Improvement, Huazhong Agricultural University, Wuhan 430070, China

Bacterial blight caused by Xanthomonas oryzae pv oryzae (Xoo) is one of the most destructive diseases of rice all over the world. A F2 population from a cross between a resistance line IRBB3 carrying Xa3 and its susceptible near-isogenic parental line IR24 were used for fine genetic mapping of Xa3. The IRBB3 was resistant to Xoo strain PXO86 with an average lesion length of 1.0 cm at 3 weeks after inoculation. The IR24 was highly susceptible to PXO86 with an average lesion length of 20.3 cm. Two hundred and sixty four individuals randomly chosen from the F2 population were used for genetic mapping of Xa3. The distribution of lesion length for PXO86 inoculation in 264 F2 plants was bimodal with an apparent valley at approximate 9 cm. Using a lesion length of 9 cm as the dividing point, the numbers of resistant (lesion length ≤9 cm) and susceptible (lesion length ＞9 cm) individuals fit the expected 3:1 ratio (χ2=0.005, P>0.9), indicating that the resistance of IRBB3 to PXO86 was only controlled by Xa3. One RFLP marker R1506 and two subclone-markers 2/15B-29 and M196-1 were used to screen the 317 highly susceptible individuals from the F2 population. Five recombinant individuals were identified between Xa3 gene and R1506. 2/15B-29 identified three of the five recombinant individuals as detected by R1506. M196-1, a marker of bacterial blight resistance gene Xa26, is co-segregation with the Xa3. Our results suggest that Xa3 and Xa26 are likely the same gene.

Stable Expression of QTL for Cooking and Eating Quality of Cooked Rice (Oryza sativa L.) Using a Chromosome Segment Substitution Lines Population

Xiangyuan Wan1, Changchao Su1, Wenbiao Shen1, Huqu Zhai2, Hideshi Yasui3, Atsushi Yoshimura3, Jianmin Wan1 
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So far, most of the reported researches on cooking and eating quality in rice have been focused on these physical-chemical properties, i.e., amylose content (AC), gel consistency (GC) and gelatinization temperature (GT), which is directly related to the rice-eating quality. Meanwhile, a large number of QTL were detected, of which most major QTL for AC and GC were allelic or tightly linked to wx gene, and major QTL for GT were allelic or tightly linked to alk gene. However, these physical-chemical methods do not describe the complexity of cooked rice texture or give evaluation of flavor characteristics. Namely, high physical-chemical quality is not fully equivalent to better eating quality. Therefore, palatability properties, which include luster (LT), scent (ST), tenderness (TD), viscosity (VC), elasticity (EL) and integrated value of organoleptic evaluation (IVOE), are more effective than physical-chemical properties to evaluate rice-eating quality.

In the present study, a direct method for evaluating eating quality of cooked rice was established with some modification on the basis of Yamamoto et al (1995), NSPRC (2000) and Champagne et al (1999). Then a chromosome segment substitution lines (CSSLs) population, derived from Asominori/IR24 with Asominori as genetic background, was planted and phenotyped for six palatability properties and three physical-chemical characteristics in three successive years. The phenotypic value for each of the nine quality traits showed a continuous distribution and some transgressive lines were also observed. Additionally, a total of 33 QTL for these nine quality traits were identified, and six of them were consistent in three years. These consistent QTL were qLT-8 for luster, qTD-6 and qTD-8 for tenderness, qIVOE-6a and qIVOE-8 for IVOE, and qAC-8 for amylose content. Phenotypic values were different significantly (p<0.001) between the CSSLs harboring any of the six QTL and Asominori, the genetic background parent. Significant phenotypic correlation (r=0.88, p<0.05) was detected between different years for these CSSLs carrying the same QTL. The result indicated that the six QTL were stably expressed in three years. QTL qTD-6 and qIVOE-6a were located on chromosome 6 because they were in the vicinity of RFLP marker C688 which was tightly linked to wx gene on the chromosome. QTL qLT-8, qTD-8, qIVOE-8 and qAC-8 were mapped between RFLP markers XNpb41 and R727 on chromosome 8. Since the three RFLP markers were closely linked to QTL qTD-6, qIVOE-6a, qLT-8, qTD-8, qIVOE-8 and qAC-8, they would be useful markers for marker-assisted selection in rice quality improvement breeding programs.

A two-component High Affinity Nitrate Uptake System in Plants. 
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The analysis of genome databases for many different plants has identified a group of genes that are related to one part of a two-component nitrate transport system found in algae. Earlier work using mutants and heterologous expression, has shown that a high affinity nitrate transport system from the unicellular green algae, Chlamydomonas reinhardtii required two gene products for function. One gene encoded a typical carrier-type structure with twelve putative trans-membrane (TM) domains and the other gene, nar2 encoded a much smaller protein that had only one TM domain. As both gene families occur in plants we have investigated whether this transport model has more general relevance among plants. The screening for nitrate transporter activity was greatly helped by a novel assay using 15N-enriched nitrate uptake into Xenopus oocytes expressing the proteins. This assay enables many oocytes to be rapidly screened for nitrate transport activity. The functional activity of a barley nitrate transporter, HvNRT2.1 in oocytes required co-injection of a second mRNA. Although three very closely related nar2-like genes were cloned from barley, only one of these was able to give functional nitrate transport when co-injected into oocytes. The nitrate transport performed by this two-gene system was inhibited at more acidic external pH and by acidification of the cytoplasm. This specific requirement for two gene products to give nitrate transport function has important implications for attempts to genetically manipulate this fundamental process.

Agrobacterium Tumefaciens-Mediated Transformation of Maize (Zea Mays L.) Multiple Shoot Cultures 

Wenbin Li1, Pathmalojiny Masilamany2, Jan Brazolot2, Ken J. Kasha2, K. Peter Pauls2
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Maize has been one of the prime targets for genetic manipulation in monocotyledonous grains. Routine transformation of corn is restricted to use immature embryos and its derived callus, including Agrobacterium-based transformation. However, the competence of immature embryos for efficient plant regeneration is still a barrier in many elite maize genotypes. The maize apical meristem is morphogenically plastic and can be manipulated to produce multi-shoots and somatic embryos in a relatively genotype-independent manner. Our interest is to develop an alternative procedure of Agrobaterium-mediated transformation using multi-shoot tissues induced from corn dry seeds by a modified regeneration method. 

 An Agrobacterium tumefaciens-mediated corn transformation method based on multi-shoot tissue cultures developed from the shoot-tips of germinated seeds is described that is effective with a variety of  corn inbreds and standard binary vectors.  Of fourteen factors that were tested for their affects on transformation, Agrobacterium strain, corn genotype, corn tissue culture stage, medium composition, co-culture temperature and surfactant treatment significantly influenced the success of GUS gene transfer to corn tissue.  Agropine-type bacteria (EHA 101 and AGL 1) were 8-fold more effective to maize multi-shoot tissues than octopine-type strains.  The average frequency of GUS positive explants obtained from eleven corn genotypes ranged from 36% to 76%.  Proline (0.7 g/l) in the co-culture medium improved the frequency of GUS gene expression.  The newly initiated multi-shoot tissues were most responsive to Agrobacterium infection. A positive correlation was found between multi-shoot tissue susceptibility to Agrobacterium and the proportion of cells in G1 phase.  Stable transformants were identified by RT-polymerase chain reaction tests and by Southern blot hybridization assays.  The  frequency of stable transformants was approximately 2% based on the number of multi-shoot explants that were cocultivated with Agrobacterium.   

Betaine can Improve the Long PCR Amplification 

Xuqing Chen*, Xiaodong Zhang and Rongqi Liang 

Beijing Agro-Biotechnology Research Center, Beijing Academy of Agricultural & Forestry Science, Beijing 100089, China

* Corresponding author:chenxvqing@sina.com

PCR is a powerful tool for the amplification of genetic sequences. It has been widely applied in molecular biology. It is generally used to amplify short segments(several hundreds basepairs to several kilobasepairs). It is difficult to amplify a long DNA segment. Based on the sequenced genes, it is known that most intact genes are very long. And intact gene is very important for the gene to express specially and effectively. Long PCR is very useful tool to amplify intact genes for constructing special expression vectors. We have tried several chemicals to optimize long PCR system. We found betain was the best for long PCR system.

Betaine, as the amino acid analogue with small tetraalkylammonium ions, can remarkably improve the amplification of long targets from the plant genome. The using concentration of betaine was between 1.0 M and 2.5 M. We shew that we could effectivly ampllfy 9 kb low copies(1 copy of per genome ) DNA segment from maize genome DNA(figture1) and 13 kb DNA segment from high copies targets as plasmid(figture 2). We found that defferent primers and defferent targets(defferent GC content) needed defferent concentration of betaine. Betaine can reduce or eliminate non-special amplification.(figture 1) In the meantime we tried another additive chemicals, such as DMSO, glycerine, formamide. They were no notable results in long PCR. 

Betaine has also been used to optimize the amplification of GC-rich DNA sequences. It’s very successful.

Cloning and Analysis of a Homeobox Gene GmHZ1 Related to SMV Resistance in Soybeans 

Yongjun Wang, Guangzuo Luo, Jinsong Zhang, Shouyi Chen

Plant Biotechnology Lab Institute of genetics and developmental biology, Chinese Academy of Sciences, Beijing 100101

The RIL population NJRIKY derived from Kefeng-1 (resistant to SMV) and Nanong 1138-2 (susceptible to SMV) was used to construct resistant and susceptible RNA pools. According to the field analysis and green house analysis, the leaves of 20 resistant lines and 20 susceptible lines were harvested when the symptom showed in the susceptible lines and the total RNAs were extracted from the mixed leaves. Using cDNA-AFLP, One hundred and nine fragments showing polymorphism between resistant and susceptible pools were found and forty-three polymorphism fragments were cloned and sequenced. The sequences were compared with those in the GenBank database by using the BLAST program. 

The fragment showing homology to homeobox genes was further studied. After screening the cDNA library made from the resistant parent Kefeng-1, a cDNA clone was found including the sequence but was not in full length. According to the sequence of the clone, the primers were synthesized and the full length of the gene was obtained by using 5’ RACE. The whole gene was 1747 bp in length and named as GmHZ1. The coding sequence is 738 bp and encodes 245 amino acids. Southern blotting analysis showed that there was a single copy in the soybean genome. Using the population mentioned above, the gene was mapped on linkage group C1.

The coding sequence of GmHZ1 was characterized by the presence of a homeodomain (HD) with a closely linked leucine zipper motif (Zip). This suggested GmHZ1 was a transcription factor. To examine the subcellular localization of GmHZ1 protein, The GmHZ1 coding region was used to construct a fusion gene including GFP and the fusion construct was introduced into onion epidermis cells by particle bombardment. The fussion protein expressed under the cauliflower mosaic virus (CaMV) 35S promoter and was detected in the nucleus. In order to test whether the activation domain was present in GmHZ1. The full-length coding region of GmHZ1 was cloned into GAL4 DNA binding domain vector and used to transform yeast cells. The transformed yeast cells grew well on the SD-His medium. The results showed that GmHZ1 had transcriptional activation activity and the fusion protein could bind to UAS of the HIS3 reporter gene and activate its expression. To confirm the binding site specificity of GmHZ1, we tested the ability of GmHZ1 to bind to four oligonuclecotides using EMSA. The results showed that GmHZ1 bound strongly to oligonucleotides CAAT(A/T)ATTG and CAAT(C/G)ATTG but not to the other two similar sequences in the 5’UTR.

The transcriptional analysis was performed by using RT-PCR. There were two strains (SA and N3) of SMV used to inoculate the parents. The transcription of GmHZ1 in resistant parent Kengfeng-1 was downregulated in three hours after inoculation with SA and N3. But in the susceptible parent, the transcription was upregulated. The transcription factor GmHZ1 may play an important role in the pathway of signal transduction of resistance.
Cloning and characterization of a PPA gene encoding a mannose- binding lectin from Pinellia pedatisecta*

Lin Juan1, Zhou Xuan-wei2,1, Sun Xiao-fen1, Fei Jiong1, Wang Jin1, Tang Ke-xuan1 *
1State Key Laboratory of Genetic Engineering, School of Life Sciences, Fudan University, Shanghai 200433, China; 2Shaanxi Key Laboratory of Bio-resources, Shaanxi University of Technology, Hanzhong, 723000, China.
* Author for correspondence; Tel: 021-65642772; Fax: 021-65643552;E-mail: kxtang@fudan.edu.cn
Monocot mannose-binding lectin refers to a superfamily of strictly mannose-specific lectins. Numerous members of this superfamily of lectins have been characterized and cloned from species of the families Alliaceae, Amaryllidaceae, Orchidaceae, Bromeliaceae, Liliaceae, Araceae and Iridaceae. The lectins have been widely used in engineering crops against insect pests because many of them have been proven to confer resistance against sap-sucking insects and nematodes. Pinellia pedatisecta agglutinin (PPA) is a very basic protein accumulated in the tuber of Pinellia pedatisecta (Araceae), and is used in Chinese traditional medicine. PPA was a tetrameric protein of 40 kD composed of two polypeptide chains that are slightly different in size and great different in pI. Previous studies showed PPA exhibited various pharmacological and biological activities including termination of pregnancy, anti-tumor activity and insecticidal effects on insects. In the present study, a gene encoding PPA was isolated from the leaves of P. pedatisecta based on the conservative sequence of Araceae lectins using genomic walker technology. Analysis of 1541 bp segments revealed the cloned genecontained a 533 bp 5’ upstream region, a 771 bp open reading frame (ORF) and a 237 bp 3’ upstream region. The ORF encoded a precursor polypeptide of 256 amino acid residues, which had a 24 amino acid signal peptide. The deduced amino acid sequence indicated a proprotein with a molecular weight of 25.0 kD and post-translationally processed into two mature peptides with a molecular weight of 12.5 kD and 12.9 kD. There were one putative TATA box and three possible CAAT box lying in the 5’ upstream region. No intron was detected within the region of genomic sequence. The deduced amino acid sequence of PPA coding region shared varying homology (ranging from 30% to 80%) with mannose-binding lectins from other plant species, such as Araceae, Alliaceae, Iridaceae and Lillaceae. Significant similarity was also found at the nucleic acid level with genes encoding mannose-binding lectins from plant species of the Araceae families, e.g. PTA (Pinellia ternata agglutinin), AHA (Arisaema heterophyllum agglutinin), CEA (Colocasia esculenta agglutinin) and AMA (Arum maculatum agglutinin). The cloning of the gene not only provided a basis for the further invesitigation of its structure, expression and regulation mechanism, but also enabled us to test its potential role in controlling pests and fungal diseases by transferring the gene into tobacco and rice in the future.

*This research was funded by China National Transgenic Plant Research and Commercialization Project, China National “863” High-Tech Program and UK/CHINA Science and Technology Collaboration Fund. 

Cloning and Characterization of Soybean Resistance Analog gene

Xiuhong Yang2, Qingshan Chen1, Qingkai Yang1 and Wenbin Li1*
1*. Director, Soybean Research Institute, Northeast Agricultural University, Harbin 150030, Email: wenbinli@neau.edu.cn; 1Soybean Research Institute, Northeast Agricultural University, Harbin 150030; 2Previous Ph.D student in Soybean Research Institute of Northeast Agricultural University and a present postdoc. in the Institute of Life Science of Beijing University, Beijing

Isolation of plant resistance gene is greatly helpful for disease resistant breeding in plants and the insight of resistance mechanism. However, less success for the cloning of functional resistant genes have been achieved in soybean. In the present study, degenerated oligonucleotide primers were designed according to the Arabidopsis RPS2, tobacco N and flax L6. Near 100 clones were isolated from the cDNA library of soybean cultivar Sui Nong 10 resistant to phytophthora sojae. Two open-reading NBS resistant gene analogs were characterized from the 100 clones. Furthermore, specific primers were designed according to the two analogs and a complete sequence of resistance-related gene was obtained by 5’ RACE and 3’ RACE. The gene was named as SR1 with a length of 3574bp, containing a 3411bp open reading frame encoding SR1 protein of 1137 amino acids, a 72bp 5’ non-translated region (5’NTR), a 68bp 3’ non-translated region (3’ NTR) and a 20bp poly (A) tail. The start codon and the stop codon were found in the 73bp site and 3484bp site respectively. The 1137 amino acids SR1 protein was consisted of Toll/Interluekin receptor (TIR) domain, a nucleotide binding site (NBS) domain, a leucine-rich repeats (LRR) domain, a hydrophobic domain and a conserved domain 2, which were the conserved domain of plant resistant genes. Southern blot result indicated that 2-4 members of the SR1-related sequence existed in the soybean genome. The transcripts of SR1 gene were detected in root, stem and leaf of soybean plant. No evidence showed that the gene can be induced by phytophthora sojae inoculation or salicylic acid stress, therefore, it was clear that the gene was a member of class I TIR-NBS-LRR type resistant gene. To amplify the SR1 gene from genomic DNA three specific primers were designed and the PCR reaction was done with the genomic DNA of Sui Nong 10. A 3972bp fragment was acquired and named as SR2 containing 5 exons (478bp, 1106bp, 290bp, 793bp and 779bp) and 4 introns (195bp, 156bp, 87bp and 88bp). The gene expression and promoter analysis are in the process.

Cloning and Sequence Analyses of cDNA Fragments Encoding Salt-responding Genes from Wheat 

GONG Ligui , XU Ziqin*

Provincial Key Laboratory of Biotechnology, Northwest University, Xian, 710069
* corresponding author

The object of this study is looking for the salt-responding genes from wheat (Xinong 88) seedlings growing in normal or salt-stress conditions by Differential Display RT-PCR( DD RT-PCR) method. mRNAs was isolated and purified from leaves of wheat seedlings treated with 1% NaCl for 72 hours. The first strand of cDNA was synthesized via reverse transcription with anchor primer Oligo(dT)12GC. PCR amplification was carried out with 10bp random primers for two times, and the re-amplified products were separated in 1.5% agarose gel. Twenty four differential cDNA fragments, including nine inductive expression fragments, two intensive fragments and thirteen inhibitory expression fragments were detected. Twelve cDNA fragments with obvious difference were cloned. Sequence analyses and homologous comparisons of WSR2、WSR1、WSR3 were carried out. The result of Northern blotting exhibited that WSR2 fragment had obvious salt inhibitory expression characteristic, namely, the treated material had weaker signal, the control had stronger signal. Analysis through GenBank/BLAST database revealed that WSR2 bore 99% identity to the cDNA sequence of LyxK gene encoding L-xylulose Kinase. The high homology between WSR2 and LyxK gene showed WSR2 probably participated in the dark reaction of photosynthesis and had an restrictive effect on the dark reaction. Cloning and expression analysis of WSR2 provided new evidences to understand hexosemonophosphate pathway and the dark reaction of photosynthesis in plant. Northern blotting exhibited that WSR1 and WSR3 fragment had obvious salt inductive expression characteristic, namely, the treated material had positive signal, the control had no signal. WSR1 showed high homology with the encoding sequence of human angiogenin-inhibitor. In view of angiogenin-inhibitor possessed the activity of RNase inhibitor, the product of WSR1 gene might also work as a RNase inhibitor, it might regulate the translation process through RNA protection and cause the defensive response of wheat to salt stress. The high homology between human angiogenin inhibitor and WSR1 indicated that they might be the earliest genes formed in the process of life evolution. It reflected that animal cells and plant cells had some common mechanisms in resistance to adversity stress. WSR3 showed high identity to the sequence of Homo sapiens BAC clone RP11-399D2 from 4, which indicated there were some common encoding sequences and some common mechanisms in the gene expression between animal genome and plant genome. WSR3 might be the conservative sequence in the process of life evolution of animal and plant. The obtainment of the cDNA fragments of salt-responding genes provided new evidences for further understanding of wheat salt-responding mechanism.     

Cloning and Sequence Analysis of　Fragment Homologous to MS2Bnap Gene in Rapeseed Dominant Genic Male Sterile Line 220AB (Brassica napus)

HU Sheng-wu1,* , Liu Sheng-yi2 , Zhao Hui-xian1 , LU Ming1, YU Cheng-yu1 , GUO xue-lan2 , HU Xiao-jia2 
1Northwest Sci-Tech University of Agriculture and Forestry, Yangling,Shaanxi,712100; 2Oil Crops Research Institute, CAAS, Wuhan 430062
PCR technique was used to amplify DNA fragment homologous to the reported MS2Bnap gene with genomic DNA of near isogenic line 220AB derived from Shaan-GMS in rapeseed (Brassica napus) as template. The results were as follows. Amplified fragment with primer pair P1+P2, P3+P4, P5+P6, P1+P6 were 1123bp, 1016bp, 571bp, 2580bp in length respectively. Genomic DNA fragment homologous to the MS2Bnap gene in 220AB ,named MS2Bnap-DNA，was 2580bp in length, which owned 6 introns of 653bp total in length compared with the reported sequence of MS2Bnap. These six introns were 236bp(+504bp～+739bp), 88bp(+844bp～+931bp), 93bp (+1132bp～+1224bp), 73bp( +1326bp～+1398bp), 79bp (+1763bp～+1841bp), 84bp (+2334bp～+2417bp) in length respectively and had typical structure of GT and AT dinucleotides at the both ends. Their average AT content was 70.33%, ranging from 66% to 76%. Accession numbers in GeneBank of 220B-DNA, 220A-DNA，DNA fragment homologous to MS2Bnap gene in 220B and 220A,is AY257490, AY288778 respectively. There were 9 diverged nucleotides between sequence of 220B-DNA and 220A-DNA, which can be grouped in two types. The typeⅠlocated in the region of intron, which although don’t result in the change of encoding amino acid product, may have some effects on the expression of this gene. The type Ⅱ located in the encoding region, which results in the change of amino acid sequence. Nucleotide mutation at +162bp from T in the 220B-DNA to A in 220A-DNA resulted in that the origin open reading frame encoding a polypeptide of 616 amino acids in 220B-cDNA only encoded a polypeptide of 30 amino acids in 220A-cDNA. The lack of this polypeptide of 616 amino acids in 220A plants may be the main reason that 220A plant express male sterility.

Cloning of Methionine Responsive Gene cDNA from Astragalus melilotoides Pall Variant line and Its Expression in E.coli

LIU Yong-Jun1  JIN Jian-Zhou2,3  JIA Jing-Fen1﹡  LI  Zheng-Yong2 
1Key Laboratory of Biotechnology of Shaan’xi Province,School of Life Science, North-west University Xi’an 710069, China; 2Sina-America Biotechnology Company,Luoyang 471003, China; 3Department of Biotechnology,Tsinghua University, Beijing 100063, China
Astragalus melilotoides Pall variant line was cultured in 0mM and 20mM Met condition  respectively. RNAs of the leaves in Astragalus melilotoides Pall variant line were isolated for mRNA differential display analysis. Screened by Oligo dT10GC and nine 10-oligonucleotide arbitrary primers,differential cDNA fragments-tm01(280bp), tm02 (350bp), tm03 (360bp) only appeared in the leaves of Astragalus melilotoides Pall variant line which was cultured in 20mM stress condition. After detected by mRNA dot hybridization, only tm03 appeared the difference and expressed in the variant line which was cultured in 20mM Met stress condition only, and tm03 was confirmed as the methionine responsive cDNA. tm03 was cloned and sequenced. After searching in GeneBank, there were no similar sequences reported. Further research observed that the cDNA can code a complete protein.To construct high level expression plasmid, tm03 was ligated with the expression vector pRSET A, then transformed into JM109(DE3) E.coli strain, and induced with IPTG. SDS-PAGE confirmed that protein of 6His-recombinant tm03 was expressed efficiently in inclusion bodies in E.coli , and the molecular weight was about 14kD.It would be helpful to further study  the structure of tm03 protein and its biological function.

Coding Sequence of High-molecular-weight Glutenin Subunit in Decaploid Agropyron Elongatum (Host) Nevski 

FENG De-shun, CHEN Fan-guo, ZHAO Shuang-yi, XIA Guang-min*

School of Life Science, Shandong University, Jinan, 250100
*corresponding author: Tel 0531-8564525 E-mail xiagm@sdu.edu.cn

Agropyron elongatum (StStEeEbEx,2n=70) is a decaploid species in the Agropyron genus with many excellent characters such as high quality and high resistance to stress. It is a good genetic resource for common wheat and a series of high quality hybrid cultivars have been derived from sexual hybrid progenies and some somatic hybrid lines were obtained from progenies between Triticum aestivum and Agropyron elongatum. It is important to determine how the coding sequences coexiste or recombine with that of wheat. Otherwise, the transgenic system of wheat have been established in our lab , which provide an useful method for impriving wheat quility by using new HMW glutenin subunits genes.

The glutenin subunits of decaploid Agropyron elongatum were studied using SDS-PAGE. They were much more abundant than those in common wheat as its 10x ssp. The complete open reading frames (ORF) of seven such genes (AgeloG1 to G7) were amplified with primers specific for HMW glutenin subunit genes and subsequently cloned and sequenced. Five amplicons were completely sequenced, and the other two (AgeloG1 and AgeloG4) were sequenced at the two ends only. Comparisons of predicted amino acid sequence suggested that the primary structure of the subunits encoded by the seven genes was highly similar to that of wheat HMW glutenin subunits, but four (AgeloG4,AgeloG5,AgeloG6 and AgeloG7) were shorter than 1.8kb. Phylogenetic analysis indicated that the seven genes were more closely related to these encoded by the y-type subunit genes of Triticum aestivum than the subunit genes from Aegilops tauschii (DD), Aegilops markgrafii (CC), Secale cereale (RR) and Aegilops umbellulata (UU). Comparison between the five completely sequenced fragments and wheat HMW glutenin subunit genes indicated that AgeloG2 was most similar to 1Dy; AgeloG3 to 1By; and AgeloG5,AgeloG6 and AgeloG7 to 1Ay.  

Construction and Characterization of a Bacterial Artificial Chromosome Library of Porphyra yezoensis
Xuan J S1, Deng D Y1, Duan DL2, Yang J L1, Wang B1, Weng M L1*
1Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, Beijing 100101, China; 2Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China
* Corresponding author: mlweng@genetics.ac.cn

Porphyra  yezoensis is among the simplest sizeable genus of marine red algae and has recently been recognized as a model plant for fundamental studies in marine biological sciences. Its small genome size has been estimated to be 2.7-5.3 ( 108 bp consisting of 2-7 chromosomes. Partly due to the commercial interests, a great deal of researches had been focused on the life history, ecology, physiology, biochemistry and molecular biology of Porphyra. Some notable successes have been accomplished. However, the difficulties of nucleic acid isolation and manipulation constitute the major obstacle for BAC library construction in marine algae. Here we firstly report the construction and characterization of a Porphyra yezoensis BAC library. The DNA used to construct the library was isolated from the cell line Qingdao-8, and the constructed library contains 54144 BAC clones with an average insert size of approximately 65 kb, therefore its capacity is 6.6-13 times of Porphyra yezoensis genome equivalents, which allows beyond 99% probability of recovering any single-copy DNA sequence from the library. The library also shows good reliability and stability and has less than 0.7 % clones without large inserts. Thus, the library can serve as a useful technical plateform for gene cloning and other genomic research in Porphyra yezoensis. 

This work was supported by the National High Technology Research and Development Program of China ( 2001AA621090).

Construction and Characterization of a Bacterial Artificial Chromosome Library of Maize Inbred Line 77Ht2

Yang JL1, Wang QH2, Deng DY1, Weng ML1, Yin XY2, Jin DM1, Zhang JR2, Wang B1*
1Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, Beijing 100101, China; 2School of Life Science, Shandong University, Jinan 250100, China 
* Author for communication: E-mail address: bwang@genetics.ac.cn  

Maize inbred line 77Ht2 contains several agricultural important genes and has been widely used in corn breeding in China. In order to obtain the useful genes and to facilitate the study of maize genome, a bacterial artificial chromosome (BAC) library of 77Ht2 was constructed. The library contains 175104 clones with an average insert size of approximately 57kb, and represents approximately 4 ´ maize haploid genome equivalents. Characterization of the library showed that less than 0.5% of the clones did not contain large inserts, and that no significant contamination of chloroplast and mitochondria DNAs were detected. The library has no significant organellar DNA contaminations. In general, the BAC library is stable from generation 0 up to the generations 100. The BAC clones were stored in 152 pieces of 96 microtiter plates, in which each well contains 12 BAC clones. This library is the first maize BAC library constructed in China; it should be well suited for map-based cloning of maize genes and genome physical mapping. 

This research was supported by the Specific Project of Plant Gene Transformation Project (J00-A-002) and the State High Technology Project 2001AA211111. 

Artificial Chromosome (TAC) Library of Peach

Liang F S1, Zhang K C 2, Yu Z W3, Yang J L1, Jin D M1, Wang B1*
1Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, Beijing 100101, China; 2Forestry and Fruit Research Institute, Academy of Agriculture and Forestry Science of Beijing City, Beijing 100093, China; 3College of Life Sciences, Beijing Normal University, Beijing 100875, China
* Corresponding author: bwang@genetics.ac.cn

As a genome model of fruit trees, peach (prunus persica(L.) Batch) has advantages for structural and functional genomics. ‘Jiubao’ is a traditional variety of peach and important parent in Chinese peach breeding, it displays many economically valuable agronomic traits. In order to develop an efficient platform for gene cloning and functional complementation of target genes in peach, a large-insert genomic DNA library of peach ‘Jiubao’, was constructed in transformation-competent artificial chromosome (TAC) vector, pYLTAC7, which can accept and maintain large genomic DNA fragments stably in both Escherichia coli and Agrobacterium tumefaciens. The TAC library contains 41472 recombinant clones and was stored as frozen cultures in 108 384-well plates, another copy of the library stored in 36 96-well plates as bulked pools, each well containing 12 individual clones. The average insert sizes of the library are approximately 42kb, coverage 6 haploid peach genome equivalents. The lack of hybridization to chloroplast and mitochondrial genes indicated that the TAC library had no significant cytoplast organelles DNA contamination. The TAC clones were stable in E. coli cell after 100 generation and stable both in E. coli and A. tumefaciens. The TAC clones containing DNA fragment of interest can be screened in the library by the pooled PCR technique, the library should be well suited for gene cloning and genetic engineering in peach. 

This work was supported by National Science Foundation project of China (30270921)

Construction of BAC Library of Physcomitrella patens and Screening of a LEA Gene

Liang CY1, Xi Y2, Shu J3, Li J1, Yang LJ1, Jin DM 1, Liu XL2, Weng ML1, Wang B1* 

1Institute of Genetic and Developmental Biology, Chinese Academics of Science, Beijing 100101, China; 2Capital Normal University, Beijing 100037, China; 3 Shandong Agricultural University, Taian 271018, China
* Corresponding author: bwang@genetics.ac.cn
Moss Physcomitrella patens is an ideal model system for studies of plant physiology and developmental biology. Furthermore, Physcomitrella patens is highly tolerant to drought, salt and freezing, it contains some important resistant gene resources. A bacterial artificial chromosome (BAC) library of Physcomitrella patens was constructed. The high-molecular-weight (HMW) DNA was embedded in low-melting-point (LMP) agarose and digested with HindIII. One-step size selection was carried out by pulsed field gel electrophoresis (PFGE) and the selected fragments were ligated to the vector pGUGIBAC1, which is a high copy vector. The high copy BAC vector facilitates the plasmid extraction and purification.  The ligation mixture was transformed into DH10B cells. In total, 49,920 BAC clones were picked. The average size of inserts is approximate 65 kb. The library has 7 times genome coverage. The library has no significant organellar DNA contaminations. In general, the BAC library is stable from generation 0 up to the generations 100. The BAC clones were stored by two methods; one was that the library was stored in 384-well plates, one clone in one well. The other was that the library was stored in 96-well plates, 12 clones were pooled together into one well. Physcomitrella patens is high tolerance to abiotic stresses such as cold, drought and salt. Late embryogenesis-abundant (LEA) proteins were thought as a protective component in respond to dehydration, osmotic and low-temperature stresses. A LEA gene based on EST sequences was screened in the BAC library and six positive clones were obtained. The newly constructed BAC library can facilitate screening and cloning of useful genes, such as resistant genes from Physcomitrella patens. It will be also useful in different genomic studies of Physcomitrella patens. 

This work was supported by the NSF Key Project of Beijing City

Construction of full-length cDNA library with cap-trapper method forward to discover new disease resistance releated genes

Xinguo Mao  Xiuzhen Chen  Guangyao Zhao  Liqing Ma  Yongchun Qiu  Xiuying Kong  Jizeng Jia

Key Laboratory of Crop Germplasm & Biotechnology/the Ministry of Agriculture, Institute of Crop Germplasm Resources, Chinese Academy of Agricultural Sciences, Beijing 100081

Discovering disease resistance related gene (R-gene) is the cornerstone to decipher the mechanism of plant disease resistance. In the past twenty years, many R-gene have been isolated with traditional approaches, yet with the accomplishment of whole genome sequencing of human and model organism such as Arabidopsis thaliana, Oryza sativa, Caenorhabditis elegans etc, traditional gene cloning methods can not meet scientists’ needs of new gene discovery. Now researchers are switching to clone plenty of new genes with high-throughput techniques, therefore construction high quality full-length cDNA library becomes the focus of the world. One advantage of such an approach is that most of the clones contain the complete coding sequence as well as 5’ and 3’ untranslating region, this dramatically accelerating the subsequent sequencing, biocomputation, protein expression and other functional analysis.

As the bread wheat’s genome is extreme large, which comprises three similar genomes A, B and D, the studies of wheat R-gene lag far behind of model plants with smaller genomes. Comparing to small genome organism, it is much more difficult to map or locate genes onto the corresponding chromosomes, and very difficult to confirm the mutation of different genomes, to overcome the difficulties we selected the diploid progenitors of wheat to construct full-length cDNA library. 

Many approaches to construct full-length cDNA library have been appeared in recent years. Yet some of them need PCR amplification or using plasmid as vector, which will either affect the library quality or introduce difficulties to clone rare expression gene. To avoid the drawbacks of them, we chose the cap-trapper method to select full-length cDNA to construct library.

We have prepared a full-length cDNA library of T.urartu （aa）, which shows excellent resistance to powder mildew. PCR amplification indicated that 85% of the inserts were between 500–2000bp, most clones were longer than 750bp, sequencing analysis of randomly picked clones indicated that the nucleotides existing upstream of ATG codon ranges from 40-211bps. Sequence blast results showed that 72% of the sequences was longer than the known homologous sequences in Genbank, yet most blast results provided no functional information. 

Construction of High-efficient Fruit-specific Expression Agrobacterium Vector of Adr Subtype Hepatitis B Virus Surface Antigen Gene

Fengping Yang, Rongqi Liang, Xvqing Chen, Lixin Han, and Xiaodong Zhang

Beijing Agro-biotechnology research center, Beijing 100089

Plant bioreactor is a good approach of producing Hepatitis B vaccine. To construct a high-efficient expression vector, fruit-specific expression promoter E8 from tomato and signal peptide coding sequence, which increase target gene expressed quantity greatly in fruit and lead polypeptide secret to special cell organ, were used. Adr subtype hepatitis B virus surface antigen gene (HBsAg) with preS1segment was cloned from Chinese sufferer serum by two steps mega-PCR. PreS1 region fragment encodes the N-terminal 56-amino-acid fragment of hepatitis B virus, the B-and T-cell epitopes and hepatocyte receptor-binding site. Either CaMV 35S promoter driven bar gene on Agrobacterium expression vector pSHK22derived pBI101 plasmid or Nos promoter driven NPTII gene on Agrobacterium expression vector pGreen0029 was used for selection marker. At last, the namely expression vector pBAC131 (8,542bp), which contain E8-LP-preS1-HBsAg gene-Nos3’ terminator and Nos promoter-NPTII-Nos3’ terminator, and pBAC132 (15,286bp), which contain E8-LP-preS1-HBsAg gene-Nos3’ terminator and CaMV 35S promoter-bar-Nos3’ terminator, were constructed. Both expression vectors were transferred into Agrobacterium tumefacien strain EHA105 and ready for transformation of tomato.

Genetic Study of Plant Regeneration from Maize (Zea Mays L.) Shoot Meristem Cultures Derived from Germinated Seeds and the Identification of Associated RAPD and SSR Markers 

Wenbin Li1, Genlou Sun2, Jie Liu3, Pat Masilamany3, Jeff H. Taylor3, Weikai Yan3, Ken J. Kasha3 and K. Peter Pauls3
1Director, Soybean Research Institute, Northeast Agricultural University, Harbin 150030, Email: wenbinli@neau.edu.cn; 2Biology Department, Saint Mary’s University, Halifax, Nova Scotia, Canada B3H 3C3; 3Biotechnology Division, Department of Agriculture, University of Guelph, Guelph, Ontario, Canada N1G 2W1； 

The genetic knowledge of the regeneration trait based on maize multi-shoot culture and the discovery of molecular markers associated with it will have great advantages for efficiently developing elite inbred with increased regeneration capacity by increasing the precision with which genotypes can be selected. But no information exists so far regarding the inheritance of tissue culture response from maize shoot meristem cultures as well as the association with molecular markers. In the present study, the inheritance of shoot regeneration through shoot-tip meristem culture derived from maize seedling was evaluated, and the markers (RAPD and SSR) associated with this regeneration character was identified both in a group of North American maize inbreds and a crossing population. 

A discrete distribution of percent regeneration and no. of shoots per explant was observed in the inbred group and the F2 population. The results suggested that this regenerable trait was controlled by several major genes. Five RAPD markers were identified to be relevant to percent regeneration in maize shoot-tip culture system. One RAPD marker and three SSR markers were associated with no. of shoot per explant and its relevant traits. Of them marker BC603-1600 explained 18% of the variation for no. of shoot per explant and 16% of the variation for callus size. The BC603-1600 was sequenced and converted to a SCAR marker. This marker was assigned in linkage group 7 based on a NCBI blast search. The information provided here should benefit to determine the genetic mechanisms involved in the maize regeneration response related to shoot meristem culture pathway and benefit to select high regenerable germplasm by using marker assisted selection.

Mapping and Positional Cloning of a Spikelet Identity Gene FZP in Rice

Liu Hua-qing1,  Wu Wei-ren1,2,  Duan Yuan-lin1,  Guan Hua-zhong1,  Chen Juan1, Li Wei-ming1,  Zhou Yuanchang1,  Xue Yong-biao3
1College of Crop Science, Fujian Agriculture and Forestry University, Fuzhou 350002, China; 

2 College of Agriculture and Biotechnology, Zhejiang University, Hangzhou 310029, China; 

3 Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, Beijing 100086, China

FZP is a key gene for spikelet differentiation in rice. Mutation of the gene blocks the differentiation of spikelets and makes rachis branches develop unlimitedly. A mutant of the gene named frizzy panicle (fzp) was found from the high-generation progeny of a cross between two indica rice varieties, V20B and Hua1B. Based on an F2 population derived from a cross between the mutant and an indica rice variety, Minghui-77, and using the methods of bulked segregant analysis and individual F2 mutant analysis, FZP was preliminarily mapped to a region of about 26.4 cM in width betwen two SSR markers, RM172 and RM18, on chromosome 7. For the purpose of positional cloning of the gene, high-resolution mapping was further carried out based on a larger F2 population and using the information of rice EST and BAC/PAC sequences in public databases. Two flanking SSR markers, NRM6 and NRM8, were found, which are 0.2 cM and 1.0 cM apart from the target gene, respectively, bracketing the target gene within an interval of 1.2 cM or 144 kb. An APETALA2 (AP2)-domain like gene was found at the expected position of FZP. As AP2 is known to be an A-function gene for the floral development in Arabidopsis according to the ABC Model, which is similar to the expected function of FZP, we took it as the most possible candidate of FZP. PCR analysis showed that the mutant allele of the AP2-domain like gene contains an insert of about 4 kb in length, suggesting that the gene is very likely FZP. Complementary test of the candidate gene is under way.

Modification of Flowering in Transgenic Populus Tomentosa Carr.

An Xinmin , Zhang Zhiyi

Institute of Chinese White Poplar, Beijing Forestry University, Beijing 100083
Populus tomentosa Carr. is a native species in section Leuce in China. It is mainly distributed in the vast area of northern China and occupies about one million km2. Obviously, it has played a key role in forest production and ecological environment construction along the Yellow River. As a model forest tree, it also has used to a tool of genetic improvement of forest trees. 

In the near future, modification of flowering will play an important role in Populus tomentosa Carr. breeding. First, promoting early flowering should allow for shorter breeding cycles of Populus tomentosa Carr. Additionally, Interference of flowering will lessen pollens and catkins production, and help to improve environment quality of city and country. These desire purposes will be realized by engineering methods.

To promote early flowering of Populus tomentosa Carr, we are constructing the cDNA library of flower bud of Populus tomentosa Carr using Smarter cDNA Library Kit (BD Clontech). Floral homeotic genes, such as LEAFY (LFY), APETALA1 (AP1), APETALA2 (AP2), APETALA3 (AP3), APETALA3 (AP3) and AGAMOUS (AG), will be isolated by screening the cDNA library. AP3(genomic DNA) homolog gene from male and female Populus tomentosa Carr(PtAP3 and FPtAP3) had been isolated, and fused to 35S promoter of the plasmid pBI121. These expression vectors (sense) will be constitutively expressed in Arabdopsis,tobacco and Chinese white poplar.

To suppress flowering of Populus tomentosa Carr, meanwhile, we have just begun to test several techniques, such as post-transcriptional gene silencing, including anti-sense suppression, sup-supperession (the expression vector with natural and reverse repeat sequences), and RNA interference. We are focusing on several genes isolated in our laboratory, including poplar homologs to the Arabdopsis genes LFY (PtLFY), APETALA3 (PtAP3), and AG (PTAG1 and PTAG2) Constructs of expreesion vector will be produced to suppress 1) PtLFY (one construct will be designed with a reverse sequence of PtLFY, and the other construct will be generate with natural and reverse repeat sequences of PtLFY.) , 2) PTAG1 and PTAG1, 3) PtAP3 . In order to achieve complete suppression of flowering genes of Populus tomentosa Carr, we will all produce constructs that are designed to suppress the following pairs genes: 1) PtLFY/PtAP3, 2) PtLFY/PTAG1/PTAG2, 3) PtAP3/PTAG1/PTAG2. These different constructs will also expressed in tobacco and poplar.

Molecular Cloning and Characterization of a Novel Cotton Glycuronosyltransferase Gene

Jin-Yuan Liu , Yao-Ting Wu


Protein Science Laboratory of the Ministry of Education, Department of Biological Sciences and Biotechnology, School of Life Science and Engineering, Tsinghua University, Beijing 100084, P. R. China

A novel glucuronosyltransferase gene has been cloned from cotton fiber cells (Gossypium hirsutum L.) using rapid amplification of the cDNA ends. The gene, designated GhGlcAT1, contains an open reading frame of 1107bp encoding a protein of 368 amino acids (AY346330) which is homologous to animal glucuronosyltransferases. A phylogenic tree generated by the PHYLIP program package showed that GhGlcAT1 is clustered into the plant glucuronosyltransferase protein and is distinct from those of other species. Homology modeling of the GhGlcAT1 structure using Homo sapiens native glucuronosyltransferase (1kws and 1fgg) structure as a template strongly suggests that the newly cloned gene is a glucuronosyltransferase gene. Northern blot analysis showed that the gene is highly expressed in fiber cell, moderately expressed in stem, but not expressed in ovule, flower, seed, root and leaf, and its transcripts were maximum at 15 dpa fiber. The transcription occurred both at the primary wall elongation stage and former stage of secondary cell thickening, suggesting that GhGlcAT1 may be involved in non-cellulose polysacchrides biosynthesis of the cotton cell wall. 

Nuclear-cytoplasmic Genome Composition of Intermediate Somatic Hybrids between Common Wheat and Agropyron Elongatum

Aixia Cheng, Guangmin Xia*

School of Life Sciences, Shandong University, Jinan 250100, Shandong, China
*corresponding author: Tel 0531-8564525 E-mail xiagm@sdu.edu.cn

Asymmetric protoplast fusion was performed between Agropyron elongatum protoplasts irradiated with a low UV dose (260 µW/cm2) for 30s and protoplasts of common wheat c.v. Jinan177 suspension cultures via the PEG method. 

More than 40 green plantlets were obtained from 15 regenerated clones. The appearance of the plants was intermediate between the two parents. Seeds with intermediate morphology between the parents have been obtained from clone 2. These were considered to be putatively hybrid on the basis of morphological observation.

We confirmed the hybrid status of the regenerated calli and plants with biochemical and molecular markers. Esterase and peroxidase patterns demonstrated that the profiles of the regenerated calli included band (s) characteristic of both parents, along with additional band(s). Nuclear DNA analysis with primers specific for the 5SrDNA spacer and RAPD showed that the regenerated calli and plants amplified characteristic products of both fusion parents and some new bands appeared in different analysis, which maybe rose from the recombination of the parent genome.

RFLP analysis of the mitochondrial genome using mtDNA-specific probes atp6 and coxI revealed that one clone carried HindIII fragments homologous with atp6 derived from both parents, along with a novel fragment, while some clones had one novel fragment along with only wheat-specific fragments. When the cox I probe was hybridized to BamHI-digested DNA, all the hybrids had the wheat profile.

The phenotype and genetic composation of the regenerated hybrids obtained is intermediate between wheat and A. elongatum. This type of hybrid can’t be obtained by sexual progress and provide a new germplasm for wheat breeding.

Plant Regeneration and Genetic Transformation in Wheatgrass (Agropyron cristatum X A.desertorum cv.`Mengnong’)

HUO Xiu-wen1,WEI Jian-hua2,XU Chun-bo1, MI Fu-gui1*,YUN Jin-feng1*
1Inner Mongolia Agriculture University, Hohhot  010018; 2 Beijing Center of Agro-Biotechnology, Beijing 100089

Plant regeneration from immature inflorescence through direct callus induction was investigated in the case of a hybrid wheatgrass (A. cristatum X A. desertorum cv.`Mengnong’). Explants were directly cultured on advanced MS solid medium with 2.0～3.0 mg/L 2,4－D to induce calli which were then transferred to hormone free MS medium for callus differentiation and 1/2MS medium for rooting. The result showed 83.7% callus initiation frequency and 59.6% plant regeneration frequency. Phosphinothricin acetyltransferase (bar) gene was transformed into hybrid wheatgrass by particle bombardment. Upon selection with 0.5mg/L glufosinate, resistant callus were obtained and some transformed plants recovered in vitro. The transgenic wheatgrasses were identified by PCR, PCR-Southern analysis and Southern analysis of digested genomic DNA, and they could develop normally in the medium containing glufosinate while the untransgenic plants could not. This is the first report on genetic transformation in wheatgrass.

Production of Transgenic Wheat Plants from Immature Embryo via Bombardment Transferring IPT Gene

Rongqi Liang, Fengping Yang, Xvqing Chen, Liquan Zhang, Lixin Han, and Xiaodong Zhang *

Beijing Agro-Biotechnology Research Center, Beijing Academy of Agriculture & Forestry Science, Beijing, 100089

* Correspondence Author: zhangxd@public3.bta.net.cn

Leaf senescence and yellowing, always affected by many factors, such as flowering, fruit, temperture and watering, can greatly reduce the plant production in agriculture, especially in monocarpic plants. Among the five major classes of plant hormones, ethylene and abscisic acid are senescence promoters while cytokins are senescence antagonists. Plant transgenic techniques give a new method to prevent plant senescence. Besides suppression of ethylene production, overproduction of cytokinin is currently used widely. 

IPT encodes an isopentenyl transerase, which catalyzes the first rate-limiting step in cytokinin biosynthesis. Therefore, we could increase endogenous cytokinin level to retard leaf senescence by overexpressing this IPT gene in wheat.

Express plasmid pBAC111, which contains IPT gene, CaMV35S promoter and bar gene as selection marker, was constructed in our research. 10-15 days immature embryos from Jingdong8 and other wheat varieties were harvested as explant, and after induction culture, were tranformated by PDS-1000/He (Bio-Rad). After resistant selection and plant regeneration, 52 regenerated plants were grown in net-house in September 2002, and 31 of them yield seeds in June 2003.

Most of the 52 bar-resistant plants, had no obvious phenotypic changes, and did retard leaf senescence. Among the 31 plants with seeds yields, 23 plants showed to be PCR positive. 

Southern blot analysis of transgenic T0 plants is now conducting. Selection of senescence-delayed T1 and T2 lines, investigation for their stay-green ability and agronomic traits will conduct in the following growth stages.

Study on the Wheat Transformation with Leaf Senescence-Inhibition Gene PSAG12—IPT

Xi Ya-jun1,2 , Lin Yong-jun1 , Zhang Qi-fa1 , Hou Wen-sheng2, Lu Ming2
1National Key Lab for Crop Genetics and Improvement of HuaZhong Agriculture University, WuHan, 430070; 2Northwest Science and Technology University of Agriculture and Forestry, YangLing, 712100  E-mail:xyjysc@163.net
At present, leaf presenility is a relatively serious problem for some wheat varieties (or pedigrees) in China. It may limit yield potential and influence variety extension. With leaf senescence-inhibition gene PSAG12—IPT that was found by Dr. Gan and Amasino transformed tobacco and rice, the transgenic plants showed significant to delay leaf senescence and to increase seed setting and yield.  The growth period and the form of transgenic plants were same as control.  In this paper, transgenic wheat plants of XiNong1376 with PSAG12—IPT gene were studied. 

Transgenic wheat plants with PSAG12—IPT gene from XiNong1376 was obtained by Agrobacterium—mediated transformation of seeds and pollen tube pathway.  By PCR amplification, GUS histochemical, Dot and Southern blot hybridization analysis, PSAG12—IPT gene was confirmed to integrate into the wheat genome. PCR analysis of T1 progeny proved that mostly transgenic plants could inherit steadily and their segregation pattern fell into Mendel model 3:1. Morphology observation and the analysis of leaf cytokinin content, chlorophyll content, leaf senescence development and agronomical characters showed that the leaf senescence in some transgenic wheat was obviously delayed and there were no significant difference of other transgenic wheat and control.  The result indicted that PSAG12—IPT gene might specifically express in the senescent leaf of some transgenic wheat and not express, partly express or not specifically express in other plants. In the late growth period, part of T1 progeny showed significant feature to delay leaf senescence and the problem of leaf presenility was improved.  According to this paper, the use of PSAG12—IPT gene to improve wheat varieties that had the defect of leaf presenility was feasible. The selection effects to wheat seeds with Kanamycin were studied. The results showed that non-transformation wheat could be refrained effectively by Kanamycin of 80mg/L and there was a little difference of different wheat genotype to Kanamycin. By PCR analysis of the resistant seeding of T1 progeny from XiNong1376 to Kanamycin of 80mg/L, the frequency of PCR positive amounted to 90%.  

Toward Establishment of a Mutant Pool of Wheat

Zhongxin Kong, Shulin Xue, Pei Xu, Zhengqiang

National Key Lab of Crop Genetics and Germplasm Enhancement, Nanjing Agricultural University, Nanjing, Jiangsu 210095, P.R. China, *zqm2@njau.edu.cn

As more and more genes are predicted in sequencing projects, the establishment of mutant pools is becoming the most important part of the work for elucidating the function of genes in functional genomics. Various kinds of methods, such as physical and chemical treatments, T-DNA insertion and transposition of transposons have been used in creation of mutants of plants. Since wheat is relatively recalcitrant in transformation and there are no known autogenous transposons for use, ethyl methane sulfonate (EMS) was chosen in our effort to establish a mutant pool of this crop. Seeds of ‘WangShuibai’, a local scab-resistant germplasm in Jiangsu, was treated with 0.35% (v/v) EMS and were then planted in a greenhouse of Nanjing Agricultural University. 15794 M2 plants were screened for mutations in morphology and other visible characters in a field in different growth stages. A total of 1376 mutants were found, including more than 46 different types. The number of the mutant types varied among the traits, for example, there were two types for tilling, more than ten for spike morphology, and three for plant height. The mutant frequencies for plant height, spike morphology fertility, resistance to scab, and pigmentation were 2.42%, 0.87%, 1.01%, 2.21% and 0.75%, respectively. 2 test indicated that 70.3% of the mutants segregated in 3:1 ratio, indicating that most of the mutation events resulting from the EMS treatment were single gene mutation. 84% of the single gene mutant types were recessive mutation. Further work is underway to characterize these mutants. 

Acknowledgement: This study was supported by ‘973’ program (2002CCA01300) and ‘863’ program (2002AA224161).

Transformation of Oilseed Rape (Brassica napus) with Chitinase and β-1，3-glucanase Genes for Resistance to Sclerotinia Sclerotiorum
Wang Xinfa1, Wang Hanzhong1, Liu Guihua1, Hu Zanming2, Zheng Yuanben1
1Institute of Oil Crops Research, Chinese Academy of Agricultural Sciences, Wuhan 430062, China;

2Institute of Genetics and Development Biology, Chinese Academy of Science, Beijing 100151, China
The plant constitutive expression vector pBLGC with chitinase andβ-1,3-glucanase genes was introduced into pol-CMS hybrid parents (restorers and maintainers) in Brassica napus (commercial winter hybrid cultivars) via Agrobacterium-mediated transformation of cotyledonary petioles. Transgenic plants of restorers and maintainers have been successfully obtained.  By screening and optimizing such factors that may affect transformation efficiency as Agrobacterium concentration of bacterium used for infection, duration of infection and cocultivation, temperature of cocultivation with Agrobacterium, acetosyringone, medium pH and so on, a high-efficient Agrobacterium-mediated genetic transformation system of pol-CMS hybrid parents in Brassica napus with binary genes was established. The transformation efficiency of restorers and maintainers reached 8.8%, 5.3%, respectively. The PCR and PCR-Southern blot analysis confirmed that some plants of them showed positive signal, indicating chitinase andβ-1，3-glucanase genes had been introduced into the genome of Brassica napus. Disease resistance to Sclerotinia Sclerotiorum test of the T1 transgenic lines indicated that the resistance of some plants was significantly improved. By the inoculation of detached leaves with mycelia, the necrotic lesion area of the T1 transgenic plants Peng 40-12 was 3.81cm2, which reached significant difference compared to the mid-resistant variety Zhongyou821, and in field identification of resistance, disease incidence and disease index of the T1 transgenic plant Peng 40-12 were on average 3.38% and 1.34, respectively, which were 78.7%、85.2% and 77.4%、83.5%, respectively, lower than those of the control non-transgenic line Peng40 and Zhongyou 821. Kanamycin-resistance and disease-resistance were maintained in the progeny. The foreign genes were delivered to the progeny according to Mendelian Law.

Transgene of Oilseed Rape from Biocontrol Bacteria Against Sclerotinia Sclerotiorum

Xuelan Guo, Xiaojia Hu, Caihua Dong, Shengyi Liu

Oil Crops Research Institute, Key Lab of the Agricultural Ministry for Genetic Improvement of Oil Crops, Chinese Academy of Agricultural Sciences, Wuhan 430062 

In the research of screening for bacteria for biocontrol against stem rot (Sclerotinia sclerotiorum), a bacterial strain A9 with high activity of inhibition on the fungus was isolated from stem rot lesions of oilseed rape (zhongyou 821) and identified as Pseudomonas sp.. This strain also showed inhibition activity against other several fungal species as well as Sclerotinia sclerotiorum. The spray with liquid culture of the bacterium reduced obviously size of lesions on leaves of oilseed rape. Furthermore, the bacterium increased significantly biomass of rape seedlings when application to soils. 

In order to take advantage of genes in the A9 strain to serve a transgene strategy for resistance improvement of oilseed rape, the gene isolation work was done. By using genomic approach, a gene was isolated from a screening of 15,000 genomic DNA fragments. Transformants of E.coli with the gene inhibited significantly mycelial growth of S.sclerotiorum in a dual-culture test. After constructed into plant expression vector, the gene was transformed into oilseed rape plants by Agrobacterium-mediated approach. Assessment of resistance of these transgenic plants to Sclerotinia stem rot is in progress.

Transgenic Analysis of a Tobacco Ethylene Receptor Gene NTHK1 in Arabidopsis
Wanhong Cao, Baoxing Du, Jinsong Zhang & Shouyi Chen


Plant Biotechnology Lab, Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, Beijing 100101, China

An ethylene receptor gene NTHK1 (Nicotiana tabacum histidine kinase-1) has been isolated from tobacco.  The expression of NTHK1 was up-regulated by wounding, NaCl stress and PEG treatment in tobacco.  The plant expression vector for NTHK1 was constructed under the control of 35S promoter.  The construct consisted of NTHK1 coding region as well as partial 5’-UTR (untranslated region) (50 bp) and 3’-UTR (90 bp) of NTHK1.  The gene was transformed into Arabidopsis plants via vacuum infiltration and 40 transgenic lines were obtained.  Two independent transgenic lines (S1 and S10), each with a single insert, were selected and further tested.  The expression of NTHK1 in both transgenic lines was induced upon NaCl treatment, and most transgenic plants showed different phenotype when compared with wild-type Columbia.  Because we used the constitutive 35S promoter to express NTHK1 in Arabidopsis, certain specific sequences of NTHK1 gene are supposed to be involved in regulating its mRNA level in transgenic Arabidopsis.  To investigate which region of NTHK1 plays role in the accumulation of NTHK1 transcripts, three more constructs were made.  Construct I contained 5’-UTR (50 bp), NTHK1 coding region and partial 3’-UTR (45 bp) without ATTTA, a consensus sequence related to the instability of mRNA.  Construct II contained 5’-UTR (50 bp) and NTHK1 coding region.  Construct III contained the coding region of NTHK1 only.  The expression of the three versions of NTHK1 was also driven by 35S promoter.  The vectors were then transformed into Arabidopsis respectively. For each construct, 20-30 transgenic lines were obtained.  One or two independent homozygous transgenic lines were chosen for each construct after selection for 3 generations, and named as NA (no ATTTA) 8, H (with 5’-UTR) 12, H17, NH (no UTR) 10, NH24.  Southern blot analysis showed that NTHK1 has been integrated into the Arabidopsis genome with 1-3 copies.  All lines but NH24 have similar phenotype with S1 and S10, while NH24 showed similar phenotype to Columbia.  Northern blot analysis revealed that the mRNA level of NTHK1 increased upon NaCl treatment in all transgenic lines except in NH24 and no expression of NTHK1 were detected in line NH24.  These results suggested that neither the 5’-UTR nor the 3’-UTR of NTHK1 is required for the accumulation of its mRNA in transgenic Arabidopsis.  It is probably the coding region of NTHK1 gene that regulates the expression of NTHK1 in response to salt stress.  Moreover, the phenotype of transgenic plants is correlated with the expression of the introduced NTHK1gene.  These studies indicated a specific mechanism for NTHK1 in plant stress responses.

扶芳藤抗寒性遗传转化的研究
尹淑萍，金万梅，鲁韧强
北京市农林科学院林业果树研究所，北京 100093

扶芳藤（Euonymus fortunei Hand.-Mazz.）为卫矛科卫矛属多年生匍匐或攀援灌木。其分布广泛，适应性强，既有观赏价值，又有固土、绿化、净化环境的作用。除广泛应用于园林绿化中以外，也是理想的治理沙漠、保持水土、阻挡尘埃的植物种。通过转基因技术，将外源的抗寒基因转入扶芳藤中，进一步提高扶芳藤的耐寒性，有望培育出在我国北方冬季常绿的阔叶绿化品种。
对四个不同的扶芳藤品系F0、F1、F2和F4进行了离体再生的研究。选取无菌试管苗的叶盘和茎段作为外植体，以MS为基本培养基，附加不同的激素组合，诱导愈伤组织的形成和不定芽再生。培养环境为光周期14 h，光照强度2000-3000 lx，温度(252)℃。
外植体接种2周后有愈伤组织产生。两种外植体相比，茎段在切口处膨大，有少量的愈伤组织，继续培养后能够再生不定芽。而叶盘虽然可诱导产生大量的愈伤组织，但难以再生不定芽。不同的基因型表现出不同的再生能力，F0再生频率最高，在MS+BA2.0mg/L上达95%；而F1、F2和F4在此培养基上难以诱导不定芽，但分别在MS+BA2.0mg/L+2,4-D0.05mg/L； MS+BA2.0mg/L+NAA0.05mg/L；和 MS+BA1.0mg/L+KT1.0 mg/L+NAA0.05mg/L 培养基上诱导产生不定芽，诱导率分别为5%、12%和9%。在成苗过程中，2,4-D比NAA易于生根；扶芳藤不定芽生根后，移栽很容易成活。
利用再生频率高的F0进行抗寒性遗传转化的研究。CBF1（CRT/DRE binding factor 1）是来自拟南芥菜的一个转录激活因子，其表达量的增加将会诱导植物体内的COR（cold-regulated）基因的表达，从而提高植物对寒冷的耐受性。采用农杆菌介导的方法对扶芳藤茎段进行侵染，共培养3d后，转入含有头孢霉素(cef)400 mg•L-1分化培养基上培养10d，使转化细胞生长。然后转至含Km 20 mg•L-1和cef 400 mg•L-1的选择培养基上筛选转化芽。这样的选择方式有力于转化细胞拮抗选择压，最终分化成不定芽。在选择培养基上培养4周后，开始有不定芽的出现。继续培养，部分芽逐渐白化、死亡，部分芽叶片表现为嵌合黄化。挑选生长良好的抗性芽，待其长到3-4cm时，转入含有Km 20 mg•L-1 的生根培养基中，大部分抗性芽能够诱导生根，长成完整植株。
提取转化体植株的叶片总DNA，以CBF1基因两端序列引物，进行PCR扩增。随机抽取抗性植株5株，结果有2株扩增出阳性片段，与质粒阳性对照大小相同。这表明CBF1基因已整合进扶芳藤的染色体组上。
目前正在进行转化植株的扩大繁殖，准备移栽至温室，进行抗寒性生理鉴定。
Utilization of specific monoclonal antibody against high molecular weight glutenin subunits (HMW-GS) in wheat（Triticum aestivum L.）:cloning and characterization of two novel genes coding for HMW-GS
Wang Han-Qian  Zhang Xue-Yong*  

Key Laboratory of Crop Germplasm Resource & Biotechnology, Ministry of AgricultureICGR of CAAS, Beijing, 100081
The unique breadmaking quality of wheat is related to the composition and quantity of gluten proteins, in particular the high molecular weight glutenin subunits (HMW-GS). Monoclonal antibodies (MAb) specific for HMW-GS have been prepared and characterized. The MAb have also been used as probe to screen wheat endosperm expression cDNA library. As a result, two novel genes coding for HMW-GS (1Bx14 and 1By15) have been cloned, sequenced and characterized.

HMW-GS 1Bx14 and 1By15 were isolated by preparative SDS-PAGE. They were used as antigen to inject Balb/c mice. Subcutaneous inoculation of the antigen was performed, and intraperitoneal injection was completed 3 days before fusion with myeloma cell (sp2/0) via PEG-2000. The fusion cells were selected by indirect enzyme-linked immuno-sorbent assay (ELISA). Hybridoma cell line was successfully obtained. 

In immunblotting. the MAb bound to all HMW glutenin subunits of T. aestivum cultivars, but didn’t bind to other storage proteins in seeds of wheat. This result is consisted with the high homology in amino acid sequences among the HMW glutenin subunits of wheat. The MAb also bound to glutenin subunits in Aegilops squarrosa, T. dicocoides spp. T. durum, Secale cereal (rye) and barely,, but  did not react with seed storage proteins in cereal crops such as maize, oat, rice, millet, sorghum etc. 

A endosperm expression cDNA library from wheat variety “xiaoyan 6 hao” 16 days after flowering has been screened with the MAb. Four full-length cDNA clones were isolated, purified and sequenced. The sequence data indicated that the two novel full-length cDNA genes which code for HMW-GS 1Bx14 and 1By15 have been found. Interestingly, the central repeated domain of HMW-GS 1By15 has different structural feature from other HMW-GS. Possibly, this is related to good food processing quality of  “xiaoyan 6 hao”. This study also illustrated the potentiality of the MAb as probe for isolation of HMW-GS coding genes from Triticum and its close relatives. 

Key words: Wheat, high molecular wheat glutenin subunits (HMW-GS), gene, monoclonal antibody
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Construction of cDNA Library from the Wheat Leaves Inoculated with Erysiphe Graminis DC and Cloning of a Small GTP-binding Protein RAB5B (rab5B) Gene-like

Chen Xiuzhen  Zhao Guangyao  Ma Liqing Jia Jizeng

Key lab of Crop Germplasm & Biotechnology of Ministry of Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081

To obtain early-stage expression genes induced by Erysiphe graminis DC ,we constructed a wheat cDNA library.using the LD-PCR SMART cDNA library construction kit from Clontech.Seedlings of the wheat variety containing Pm16 gene were inoculated with Erysiphe graminis DC and the leaves were seperately harvested at 0hai 3hai 6hai 9hai 12hai 16hai 20hai 24hai.mRNAs from different time point were equally blended and then were used to construct cDNA library according to the SMART protocol. The titer of the primary library was 1.1×106 pfu/ml. The primary library was directly converted into plasmid library.using BM25.8 without amplification, which could greatly reduce cost and labour. The percentage of positive clones accounted for 90% and the insert sizes ranged from 400bp-2000bp. These results indicate that the library could meet demands of gene cloning and gene data mining. We randomly selected 50 positive clones and sequenced them. After bioinformatics analysis, a clone was obtained which shared 89% homology with Oryza sativa small GTP-binding protein RAB5B (rab5B) gene. The clone contained intact ORF, adding tail signalAATAAA and polyA tail. Moreover, stop codon was found ahead of the ORF and the nucleic acid sequence flanking the the first ATG bore similarity to the well-conserved KOZAK motif.  Based on these, we think that it is a full-length cDNA clone.  

Cloning And Characterization of A Novel Antifungal LTP-like Protein  Gene from Motherwort (Leonurus heterophyllus) Seeds﹡

Yang Xingyong, Xiao Yuehua, Li Demou, Zhen Changyong, Yuan Xiaohong, Li Jun, Pei Yan**

Biotechnology Research Center, Southwest Agricultural University, Chongqing 400716
** Corresponding author. Fax: +86-23-68250515. E-mail: biotech@swau.cq.cn.

Although plant seeds are normally scattered on substrates that are extremely rich in microorganisms, infection of seeds or seedling tissues usually remains a relatively rare event. It is believed that plant seeds have evolved highly effective defense mechanisms to keep from the growth of microorganisms inside their tissues. Until now, peptides or proteins with antimicrobial activities in vitro have been detected from plant seeds, including chitinases, chitin binding proteins and hevein-like peptides,  -1,3-glucanase, thionins, non-specific lipid transfer proteins, plant defensins, and ribosome inactivating proteins, which have been shown to play active roles against pathogen infections.

Motherwort (Leonurus hereterophyllus Sweet) is a traditional Chinese herbal medicine with various pharmacological effects. In searching for antifungal proteins from various sources, we found that motherwort seeds showed strong activity against growth of fungal pathogens tested. Then the isolation, amino acid sequence, antifungal action and gene cloning of an active antifungal peptide (designated LHAFP) from motherwort seeds were undergoing.

The procedure, which LHAFP was isolated, entailed extraction, ion exchange chromatography on CM-Sepharose, reverse-phase C8 HPLC and reverse-phase C18 HPLC. After being transferred from SDS-PAGE gel to PVDF membrane, its amino acid sequence was determined by automatic Edman degradation. The result reveal that LHAFP are basic with a pI of 8.74 and consist of 60 amino acid residues with a molecular mass of 5988 Da. 

Based on amino acid sequence, a degeneration primer was designed. Using these degeneration primers, a 550bp cDNA corresponding to LHAFP was successfully obtained by 3’-RACE. Database search indicated that LHAFP has high homology to plant non-specific lipid transfer proteins (nsLTPs). LHAFP exerted prominent antifungal activity against Alternaria solani, Aspergillus niger,  Colletotrichum atramentarium, Trichoderma harzianum and Verticillium dahliae, but little against Fusarium culmorum.

* This research was supported by a grant from the NSFC ( 30270147 ).

Cloning and Characterization of High-Molecular-Weight Glutenin Gene Promoter from common Wheat

Jin Wei-bo, Fan San-hong,, Guo ai-guang*

Life Science College,Northwest Sci-Tech University of Agriculture and Forestry, Molecular Bio   Yangling,Shannxi,China712100
To study the expression of high-molecular-weight glutenin gene promoter of Triticum aestivum in seeds, A fragment about 1kb was amplified from wheat genome of Xiaoyan No.6 by polymerase chain reaction (PCR) and this PCR products was inserted into pMD18-T vector. Sequencing and similarity analyzing showed that the cloned fragment contained 1050bp nucleotides including HMW-GS 1Dx2 promoter and signal peptide coding region, and shared a sequence homology of 96% with the HMW-GS 1Dx5 promoter reported. The putative TATA-box and CAAT-box were present. Three motifs, GCTTATCCAGCTT, TGCAAAA and TTCGTGTTG,which were considered to be responsible for the specificity and enhancement of gene expression in the seed, were found within –208 to-221,-413 to –420 and –548 to –556 region respectively. The cloned promoter has been used in construction of Agrobacterium binary vector(pMHG) with GUS(β-glucuronidase) reporter gene, and introduced into leaves and immature seeds of wheat plant via particle bombardment separately. Transient expression was measured histochemically as spot number 24h after bombardment. GUS expression was observed in the immature seeds of Triticum aestivum, but not found in leaves of it.While the binary vector pBI121 was introduced into leaf and immature seed of wheat plant via particle bombardment separately.  GUS expression were observed in the leaf and immature seeds.but the expression efficieny in seeds is far less than it in pMHG. These results indicated that this high-molecular-weight glutenin gene promoter had the high endosperm-specific expression activity, might be of great potential in wheat bioreactor research.

Cloning and Characterization of the PTS2 Receptor Gene (GhPex7) from Cotton (Gossypium hirsutum L.)

LI De-Mou, XIAO Yue-Hua, LUO Ming, HOU Lei, LUO Xiao-Ying, LUO Ke-Ming, PEI Yan*

Key Laboratory of Biotechnology and Crop Quality Improvement, Ministry of Agriculture, Biotechnology Research Center, Southwest Agricultural University, Chongqing 400716, China
*Corresponding author, E-mail, peiyan@swau.edu.cn; tel, 86-023-68251883.

Peroxisomal targeting signals (PTS), including PTS1 and PTS2, were proposed to play an important role in introducing proteins into the peroxisomal matrix. Pex7, a receptor of PTS2, is crucial to import PTS2 proteins. Based on the sequence information of a fragment (F010) recovered from cDNA-AFLP, the full-length cDNA sequence was obtained by RACE and the contig in cotton ESTs, and the coding sequence was further obtained. The GhPex7 cDNA, 1314 bp in length, contained a 5′ non-coding (77 bp) upstream, a 3′ complete downstream with polyA signal tail and an ORF of 954 bp, which coded for a deduced protein of 317 amino acids. The deduced protein had a predicted MW 35.57 kDa and a pI of 5.603. Homology analysis demonstrated that GhPex7 protein contained three highly conserved domains and three G-bata domains of WD-40 proteins family. The sequences of nucleotides and amino acids shared 83% and 76% identity with known Arabidopsis AtPex7, respectively, and its amino acid sequence shared from 28% to 42% identity with those of Drosophila melanogaster, Saccach. cerevisiae, Mus musculus and Homo sapiens. Southern blotting suggested that at least two copies of GhPex7 gene existed in Gossypium hirsutum genome. By Northern blotting and RT-PCR analysis, expression of the GhPex7 was detected in roots, stems, leaves, buds, ovules and fibers, however it was stronger in leaves and stems than in other tissues. At the stage of cotton’s ovules and fibers development, RT-PCR analysis also indicated that expression of GhPex7 in ovule at 0DPA in no-fiber mutant plants was stronger than that in wild type plants. In wild type, its expression fiber at 23DPA was stronger than that at 12 and 16 DPA too. 

This work was supported by National Natural Foundation of China (39830240, 30270798) and Doctoral Student Foundation of Education Administration of china (1999-006003)

This paper will be in press in Acta Genitica Sinica (2003).

Cloning of a Ubiquitin Fusion Degradation Gene in Wheat

Xianzhong Huang, Jingna Zhu, Lingzhu, Wei, Zhengqiang Ma*

National Key Lab of Crop Genetics and Germplasm Enhancement, Nanjing Agricultural University, Nanjing, Jiangsu 210095, P.R.China, *zqm2@njau.edu.cn

Ubiquitin-mediated proteolysis has emerged as being a fundamentally important process in terms of its involvement in diverse events, such as cell differentiation, stress responses, stability state level of regulatory proteins, cell cycles control, regulation of transcription and program cell death. In the proteolytic system involving in the formation of ubiquitin fusion protein (UFD), its N-terminal ubiquitin moiety functions as a degradation signal of the protein. Genes conditioning this degradation pathway were first identified in yeast (Saccharomyces cerevisiae) by mutation analysis. In our studies, an 868bp sequence similar to the UFD1 gene of yeast was obtained by RT-PCR of cDNA derived from wheat seedlings. Since this fragment has an intact 5’ end, 3’RACE PCR was performed to extend its 3’ end. The entire coding region of this gene is 954 bp, encoding a polypeptide of 317 amino acids, which has up to 74% similarity to the UFD1 homolog of Arabidopsis, Orzo sativa, Muss muscles and Homo sapiens. Using the Chinese Spring nulli-tetrasomic lines, this gene was mapped to Group 6 chromosomes of wheat. Northern analysis showed that this wheat UFD1 gene was differentially expressed in roots, coleoptiles, stems, leaves and seeds. The highest level of expression was observed in the stem and leaf tissues and no obvious signal was detected in the root and coleoptile tissues. Further studies of this gene’s function are underway.

Acknowledgement: This project was supported by national special program for transgenic plants (J00-A-006-1) and by Funds for the Outstanding Youth (No. 30025030) of the National Science Foundation of China.

Isolation and Characterization of C2H2-type Zinc Finger Protein Gene Family in Rice(Oryza sativa L.)

Ji Huang, Fu-Yun Hou, Yan Jiang, Zhi-Min Gu, Jian-Fei Wang, and Hongsheng Zhang*

State Key Laboratory of Crop Genetics and Germplasm Enhancement, Rice Research Institute, Nanjing Agricultural University, Nanjing 210095, P.R.China
*Corresponding author, email: hszhang@njau.edu.cn

Zinc finger protein is one type of important transcription factors with finger domain, regulating gene expression in the eukaryotic organisms mainly by specifically interacting with target DNA sequence(cis-acting element). It could be divided into several types of zinc finger proteins, such as C2H2, C2HC, C2C2, C2HCC2C2, based on numbers and positions of Cys and His residues. Of these, C2H2 type zinc finger protein is the classic and clearly identified zinc finger transcription factor, with the wide existence in humans, animals and plants. The characterized plant C2H2 zinc finger proteins are mainly involved in plant growth and development and the responses on environmental stresses. Up to now, more than 40 C2H2 zinc finger proteins have been reported in plants including petunia, Arabidopsis, wheat, and most of them have the plant-specific QALGGH sequence in zinc finger domain. In this investigation, in silico approach was performed to obtain the sequences for C2H2 zinc finger proteins. OsZFP, first document-reported rice C2H2-type zinc finger protein by our laboratory(Huang et al, 2002), was used as query probe to search rice genome database(by Beijing group, China) by TBLASTN tool at NCBI. The number of total C2H2 zinc finger proteins with QALGGH structure in rice genome was estimated for about 45. Sequence analysis for the assembled 37 C2H2-type zinc finger proteins revealed three obvious characters: 1) None of them contains introns in coding region. 2) Most of them include the conserved (F/G/H/Y)QALGGH(M/K/R) structure. 3) Most of them include two zinc finger motifs. Based on the sequences for assembled 37 C2H2-zinc finger proteins, ten of which were isolated by RT-PCR from various rice tissues. Tissue expression pattern revealed that OsZFP2, OsZFP15 was specifically expressed in flowering spike but absent in immature spike, suggesting OsZFP2 and OsZFP15 might take part in regulating spike development. OsZFP34 mRNA was much more accumulated in leaf but was lower in immature spike, root and stem. Besides, OsZFP1, OsZFP33 and OsZFP34 were demonstrated to up-regulated by 0.8% NaCl stress while OsZFP37 showed down-regulated signal. More cDNAs for zinc finger proteins are now cloning from more different or environment-factors-treated tissues of rice.

Isolation and Characterization of cDNA Encoding Ferric Chelate Reductase in Citrus Junos 

LI De-Mou, LUO Xiao-Ying, XIAO Yue-Hua, HOU Lei, Deng wei, LUO Ming, PEI Yan*

Key Laboratory of Biotechnology and Crop Quality Improvement, Ministry of Agriculture, Biotechnology Research Center, Southwest Agricultural University, Chongqing 400716, China
*Corresponding author, E-mail, peiyan@swau.edu.cn; Tel:86-023-68251883.

Although abundant at the Earth’s crust, iron is unavailable for the plant roots for its insoluble form in alkaline and calcareous soils. Because of its fundamental role in many vital processes, organisms, iron deficiency will result in the decrease of yield and quality to many crops and fruit trees. Not only plants suffer from iron deficiency, but people are also at the risk of iron-deficiency-induced anemia in the world. Because plants are important source of primary iron for human, it is necessary to investigate the mechanism of iron metabolism and then to improve genetically the iron nutrition in plants. 

Based on the strategy of iron uptake, angiosperms can be divided into two groups. Nongraminaceous monocots and dicots belong to Strategy I, and graminaceous monocots to Stragety II. In Strategy I, a physiological response to Fe deficiency is characterized by an increased ability to reduce soluble Fe(III)-compounds in the root system. 

As a strategy I plant, citrus junos is characterized with its tolerance to iron stress in alkaline and calcareous soils. To investigate the mechanism of its tolerance to iron stress, a cDNA, encoding ferric chelate reductase (designated as CjFRO2) from the RNA extracted in iron-deficiency plants, was obtained by YADE (Y-shaped Adaptor Dependent Extension) method. The cDNA fragment consists of a 2103bp ORF, encoding 700 amino acids, a no-coding (65bp) upstream sequence and a polyA tail region. The deduced amino acids sequence shared 49~52% identity and 68% similarity with the FRO2 from Arabidopsis thaliana and Pisum sativum respectively. A conserved domain was found in the predicted protein. Northern blotting analysis revealed that CjFRO2 shown strong expression in root and shoot, but not in leaf. To further elucidate the function of CjFRO2, the sense and anti-sense fragments of CjFRO2 driven by CaMV35S was introduced into the P. trifoliate which is a sensitive material to iron deficiency and widely used as rootstock in orange production. The role of CjFRO2 in enhancing the ability against iron deficiency is still in progress. 

Isolation and Expression Analysis of G6PDH and 6PGDH Genes of Rice(Oryza Sativa L.)

Fu-Yun Hou, Ji Huang, Jian-Fei Wang and Hong-Sheng Zhang*

State Key Laboratory of Crop Genetics and Germplasm Enhancement, Rice Research Institute, Nanjing Agricultural University, Nanjing 210095, P.R.China

*Corresponding author, email: hszhang@njau.edu.cn

The pentose phosphate pathway in plant is a very important metabolic pathway which supplies the major sources of reduced nicotinamide adenine dinucleotide phosphate (NADPH) and the ribulose 5-phosphate, ribose 5-phosphate and erythrose 5-phosphate involved in synthesis of nucleotides, aromatic amino acids and fatty acids in non-photosynthetic tissues. In the first two steps of PPP, glucose-6-phosphate is oxidized to 6-phosphogluconate by glucose-6-phosphate dehydrogenase (G6PDH, EC1.1.1.49) and the latter is subsequently oxidatively decarboxylated to ribulose 5-phosphate by 6-phosphogluconate dehydrogenase (6PGDH, EC1.1.1.44). Since these two enzymatic reactions are irreversible in the organisms, both G6PDH and 6PGDH are thought as the rate-limiting enzymes of PPP. In the present study, we isolated three G6PDH genes as well as two 6PGDH genes by in silico approach. Of them, two G6PDH isolates, OsG6PDH1 and OsG6PDH2 encoding proteins were cytosolic isoenzymes while OsG6PDH3 protein was plastid enzyme. Besides, Os6PGDH1 and Os6PGDH2 proteins were both cytosolic isoenzymes. The cDNA for plastid 6PGDH was not obtained probably because of incomplete published genome sequences. Tissue expression pattern of five genes revealed distinct expression profile. OsG6PDH1 was expressed with similar level in root, leaf, immature spike, suggesting a housekeeping gene of OsG6PDH1; OsG6PDH2 was specifically expressed in root; OsG6PDH3 was highly accumulated in root, lower in leaf, spike and stem; Os6PGDH1 was specifically expressed in immature spike, indicating Os6PGDH1 might play a role in plant spike development; Os6PGDH2 was detected to show higher expression in leaf and root but absence in stem. Genomic organization of five genes were analysis to show that all G6PDH genes contain numbers of introns while no introns were included in the coding region of all 6PGDH genes. Phylogenetic tree analysis of G6PDH and 6PGDH show that both cytosolic and plastid 6PGDHs of higher plant may originate from cyanobacterial while the origin of G6PDH gene is ambiguous. The absence of introns in 6PGDH gene indicated that 6PGDH gene might enter into plant genome by endosymbio. What these distinct origin can tell should be further studied.

The Development of Sck-transgenic Indica Rice Elimination the Selection Marker Gene Hpt Exploiting Twin T-DNA System 

Qianchun  Zeng1, 2  Xugang Li1 , Zhen  Zhu1
1Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, Beijing 100101; 2Rice Research Institute of Yunnan Agricultural University and the National Engineering Centre for the application technology in Agricultural Biodiversity, Kunming 650201)

Rice (Oryza sativa L.) is the most important food crop in China and 60% of the brown rice is hybrid rice. It was estimated that 26.5 billion RMB could be saved annually provided the pest-resistant transgenic rice was applied. However, the safety of the selection marker genes such as hpt in GM rice was still in doubting up to now. Here we reports that the preliminary results of the studies on developing sck (the modified cpti gene)-transgenic indica rice free from the selection marker gene hpt. 

The modified cowpea trypsin inhibitor gene sck and the Hygromycin Phosphotranferase gene hpt were separately harbored in two adjacent T-DNA regions, and super vector pCDMARUSCK-HPT was constructed with one T-DNA bearing the MAR- ubi1-sck-MAR frame and another harboring the selection marker gene hpt. A. tumefaciens strain LBA4404 which integrated the pCDMARUSCK- HPT plasmid was developed by Electroportion. The anti-bacteria efficiency of the antibiotics such as Timentin (Tim) and Cefotaxime (Cef) at various concentrations in controlling LBA4404 strain was tested. Results indicated that Tim was better than Cef at concentration below 500mg/L and still worked effectively at 250mg/L against LBA4404 strain, and the transformed rice callus could regenerate more plantlets when use Tim as bacteria inhibitor. The combination of LBA4404 strain concentration at OD600 value 0.8 and 5min treatment on Minghui86 (a restorer line of commercialized CMS indica hybrid rice in China) vigorous callus was the suitable parameters in terms of transformation efficiency by the LBA4404 strain. 

Thirty three hundred and twelve calli of Minghui86 were treated with LBA4404 according to the above optimized twin T-DNA-mediated transformation system and 149 independent callus lines were obtained following HygromycinB selection, and total 124 potential independent transgenic lines were finally obtained. PCR analysis confirmed that 85 of the lines were hpt and sck co-transformed at a co-transformation ratio 68.8% or so. Southern analysis demonstrated that the sck copy numbers of the transgenic plants, was 1 through 4 copies and about 60% in single copy. Expression of the sck gene at RNA and Protein level were normal in most of the transgenic plants, the protein activity such as trypsin inhibition was correspondent to its transcription, and the highest one with 92% trypsin inhibition capacity. Four sck-transgenic lines obviation hpt were developed from 14 co-transformed lines in T1 progeny at segregation frequency 28.6% and, most of the primary transgenic lines are undergoing segregation for the hpt-eliminated progenies.

The Origin of Garden Chrysanthemums and Molecular Phylogeny of Dendranthema in China Based on Nucleotide Sequences of nrDNA ITS, trnT-trnL and trnL-trnF Intergenic Spacer Regions in cpDNA    

Hui-en. Zhao 1, Xiao-quan. Wang 2, Jun-yu. Chen 1, De-yuan. Hong 2
1College of Landscape Architecture, Beijing Forestry University; 2Laboratory of Systematic and Evolutionary Botany, Institute of Botany, the Chinese Academy of Science

Chrysanthemums have been cultivated for at least over 1600 years. During this time, more than 7000 cultivars have been developed, displaying a diverse range of flower form, flower color, and plant habit. Chrysanthemums today are among the most popular flower crops in the world and are used as cut flower, pot plants, and greenhouse and garden plants, especially in North America, West Europe, Japan and China. 

Chrysanthemum is part of a hexaploid species complex and has on average 54 chromosomes. The exact origin of the genomes in this hexaploid species is unknown (Wolff et al., 1994), although much work has been done on the origin of garden chrysanthemums including morphology, crossing experiment, cytology, and RAPD and PCR-RFLP. There is still much work to be undertaken on this speciesrich and horticultural interesting genus. So several sequences were applied to resolve phylogenetic relationships within Dendranthema and clarify the origin of garden chrysanthemums including sequences of nrDNA ITS, trnT-trnL and trnL-trnF intergenic spacer regions in cpDNA. The relationships among the species are so close that the three sequences could only provide some information. 

 From the evidence presented and the results from previous morphological, crossing experiment, numerical taxonomic, cladistic taxonomic, molecular systematics (RAPD) and cultural history studies, we suggest that: ① D. rhmobifolium is the chloroplast donor of D. vestitum (Henan province) with the resembling morphology and the same trnT/L IGS sequence. ② D. vestitum, a putative ancestor, can be not the chloroplast donor of garden chrysanthemums. D. lavandulifolium might be the chloroplast donor of the type population of D. indicum (Henan) or the direct chloroplast donor of the ancient garden chrysanthemum cultivar. ③ D. zawaskii might be not the ancestor of garden chrysanthemums. 

Comparative Analysis of Early Defense in Compatible and Incompatible Wheat-Powdery Mildew Interactions

Li Ai Li1, Wang Ming Li2, Zhou Rong Hua1, Huo Na Xin1, Wang Wen Sheng3, Jia Ji Zeng1
1Key Laboratory of Crop Germplasm and Biotechnology, Ministry of Agriculture, Institute of Crop Germplasm Resources, The Chinese Academy of Agricultural Sciences, Beijing 100081, China;

2Department of Molecular Biology, Massachusetts General Hospital, Department of genetics, Harvard Medical School, Boston, MA 02114;

3College of Agriculture, Hebei Agricultural University, Baoding 071001, China)

H2O2 has been shown to be important for cell wall reinforcement, hypersensitive response (HR), signal transduction, and direct antimicrobial effects in plant-pathogen interactions. In this study, we carried out comparative analysis of H2O2 accumulation in response to powdery mildew (Blumeria graminis f.sp. tritici BgtE09) primary germ tube (PGT) and appressorial germ tube (AGT) formation, and in papilla (cell wall appositions) and hypersensitive response (HR) in wheat (Triticum aestivum). We focused on the early defense responses between 10 to 48 hours after inoculation using primary leaves of three compatible (susceptible) (Jingshuang16, Beijing837 and Bainong3217) and six incompatible (resistant) (Pm21, Mardler, Pm2, Pm16, Mardler/7*Bainong3217F5 and Pm16/7*Beijing837F5) wheat cultivars. More significant number of effective papillae formation was observed in resistant cultivars, including Mardler (Pm2+Pm6), Pm2, Mardler/7*Bainong3217F5, Pm16/7*Beijing837F5 and Pm16. We observed paralleled H2O2 accumulation in effective papillae and in cytosolic vesicles near the papilla in both susceptible and resistant wheat cultivars, suggesting the important role of effective papilla formation in general plant defense to powdery mildew. Consistantly, in compatible interactions, epidermal cells were successfully penetrated by the fungus where ineffective papillae and very low level of H2O2 were detected. Among resistant wheat cultivars, hypersensitive cell death in Mardler (Pm2+Pm6) and Pm2 was detected earlier than that in Pm16 and Pm16/7*Beijing837F5, and was associated with H2O2 accumulation throughout attacked epidermal cells. Interestingly, resistance but not HR was mediated by the Pm2 gene in the Mardler/7*Bainong3217F5 cultivar, suggesting an HR-independent defense pathway. Since effective papillae and HR did not occur in the same cell, the papilla deposition may be independent of the HR response. However, both defense mechanisms were associated with high H2O2 accumulation. In wheat-powdery mildew incompatible interactions, the failure of the papilla response may be a prerequisite for the expression of HR.

2DE Fingerprinting of Proteins in Wheat Spikes Inoculated with Fusarium Graminearum
Yun Wang, LI-ming Yang, Cheng-yin Chu, Zheng-qiang Ma*

National Key Lab of Crop Genetics and Germplasm Enhancement, Nanjing Agricultural University, Nanjing, Jiangsu 210095,P.R.China, *zqm2@njau.edu.cn

Fusarium head blight or scab, caused by fungus Fusarium graminearum, is a major disease of wheat (Tritium festive L). To understand the mechanisms underlying scab resistance, a proteomic approach was used to identify proteins differentially expressed in the spikes of the scab-resistant variety ‘Wangshuibai’ inoculated with conidia from F. graminearum. The spikes at anthesis were sprayed with F. graminearum. Total protein was extracted from the spikes 0, 6, and 12 hours after the inoculation and resolved by two-dimensional electrophoresis. Separation in the first dimension was performed using iso-electric focusing across pH range 3-10.0 (NL). Second dimensional SDS-PAGE was performed in 12% polyacrylamide gels. The silver-stained gels were scanned for image analysis, spot detection and quantification. Among a total of 362 protein spots, 94, 91 and 72 proteins displayed a fivefold change between 0 and 6, 0 and 12, 6 and 12, respectively, among which, 68, 71 and 59 proteins were up-regulated. MALDI-TOF MS and ESI-MS/MS analysis was conducted for these differentially expressed proteins.

Acknowledgement: This study was supported by NSFC program (30270807) and ‘863’ program (2002AA224161).

An Investigation into the Transcriptional and Translational Dynamics of Heterologous Protein Accumlation in Plant Cells: A prelude to Exploiting Plant as Bioreactor
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Plant based production of high value proteins is seen as a viable alternative. Whilst a significant amount of evidence suggests that plant ‘bioreactor’ can produce heterologous protein, there is still a need to understand how best to harness the full potential. To achieve consistently high levels of protein accumulation requires that we develop our understanding of the relationship between transcription, transcript stability, RNA structure etc and translation efficiency, efficacy and effectiveness. Stable transgenic plants, whilst the ultimate goal, are far from a model system and require extensive characterization. Thus we are proposing to develop an in vitro model system using plant cell cultures as a tool to further our understanding of heterologous protein accumulation in order this information can direct and improve our expression strategy when creating stable transgenic plants of interest

We used a combination of agro-infiltration and uniform cell culture lines to develop our model system for the characterization of heterologous gene expression and protein accumulation. Using this system extended periods of transient transcription and translation can be achieved allowing quantitative analysis of both transcription and translation and subsequent stability of the associated intermediates.

Because the main project was dependent on the ability to accurately determine quantitatively the amount of transcript produced in our system, so we were looking at ways to improve the quality, quantity and reliability of first strand cDNA synthesis. From the literature it showed that the oligo(dT) primer widely used for cDNA synthesis generated a high frequency of truncated cDNA through internal poly(A) priming; and DTT reagent was not essential and negatively interferes with cDNA synthesis and Real-time PCR, they had got much more cDNA than that with DTT when doing cDNA synthesis without DTT. In our system, the variances between primer combo26a and B26 were always significant and there were trends of variances between DTT plus or minus. We could get much more cDNA of higher quality using the most efficient combination of five anchored oligo(dT) mixture as ComboB26 without DTT reagent for cDNA synthesis.

For building the model system, we used Agrobateria AGL1-pSoup strain containing double 35S ds GFP or -90 minimal 35S promoter ds GFP to do vacuum infiltration in different developing stages of white clover leaves. The Real-time PCR results showed that there were different levels of transcription between two genotypes of white clover plants, and there were also different levels among different developing leaves: the levels of transcription was the lowest (46.06 atto mol) in youngest leaves and the highest (129.98 atto mol) in mature leaves but not in the oldest leaves.

An Analysis of Gene Expression in Wheat Seedling Induced by Water Stress
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Wheat (Triticum aestivum L.) is one of the most important food crops in the world; however, its growth and productivity has been limited dramatically by drought.  Revealing molecular mechanisms of plant tolerance to water stress in gene expression integral level will offer new approaches for drought resistant wheat breeding.

In order to enrich differentially expressed genes in wheat seedling induced 24h and 48h by 16% polyethylene glycol 6000 (ψ=-0.5MPa) solution, two subtracted cDNA libraries were constructed by suppression subtractive hybridization (SSH). And they were composed of approximately 2000 and 1500 individual recombinant clones, respectively. A total of 181 positive clones were obtained by screening the 48h water stress library using forward- and reverse-subtracted cDNA probes, and 101 unique ESTs were gained based on the sequencing data. At present, 252 ESTs in 24h water stress library have been sequenced, and 96 ESTs were unique. Blast result indicated that the ESTs in both libraries showed high homologous with the known cDNA in dbEST, and more than 73% of these cDNA were induced by abiotic or biotic stresses in plants, such as drought (or dehydration), heat, salt, cold, aluminum stress, pathogen-infected, ABA-treated and so on. More than 50% ESTs simultaneously showed high homologous with cDNA fragments induced by several kinds of stress. It implies that abiotic or biotic stresses affected directly or indirectly water metabolism in plants, and there may exists some shared pathways in the response to all stresses in plants. The result of function querying revealed that the functions of 73 ESTs were known and belonged to 54 classifications in 24h water stress library. On the contrast, the functions of 84 ESTs were known and belonged to 31 classifications in 48h water stress library. 13-shared genes were identified in both libraries. The gene products of these ESTs known functions included two categories. One is functional protein, such as lipid transfer protein that involved in cuticle biosynthesis and probably reduces water loss by increasing cuticle thickness. Another is regulatory protein, such as Myb family transcription factor, which was likely to participate in interacting with genes response to dehydration. In addition, there are some ESTs in both libraries show low homologous with GenBank and they are supposed to be novel genes. The sequencing of other clones is underway.

Bud2, a Syndrome of Arabidopsis Caused by Large Chromosome Deletion
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Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, Biejing, 100101

* corresponding author: jyli@genetics.ac.cn

We isolated a bud2 mutant (bushy and dwarf2) by transforming Arabidopsis ecotype Col-0 with a SARE system (sense and antisense expression system). bud2 has shorter internodes, curling leaves and longer life span compared with the wild type plant, it also has more lateral roots than Col-0 when grown vertically on 0.5×MS mediums for more than two weeks. Genetic analysis showed that bud2 is caused by single nuclear recessive mutation and the phenotype is co-segregated with the T-DNA insertion. So, we isolated the flanking DNA sequence of the T-DNA insertion by inverted PCR. Southern blotting analysis with the DNA fragment flanking to the T-DNA showed that there was a 75kb deletion in the genome, which is consistent with the PCR result. We also confirmed this result by inflorescence hybridization of two BAC clones that cover the deletion region to extended DNA fibers. Therefore, the deletion of the large DNA fragment containing 18 putative genes, should be responsible for the abnormal development of bud2. Meanwhile, most of these genes have more than one copy in the Arabidopsis genome, which may explain the almost normal life-cycle of the bud2 mutant. Then, which gene/genes is/are mainly account for the altered phenotype? Further analysis work combined with the transforming of the candidate genes are undergoing.

cDNA-AFLP Transcripts’ Analysis of Drought response in Wild Desert Barley (Hordeum spontaneum)

Yingang Hu1,2 ,Song Weining2 , Suprunova T. 2, Baca I. 2, Krugman T. 2, Fahima T. 2,Eviata Nevo2 

1College of Agronomy, Northwest Sci-Tech University of Agriculture and Forestry, Yangling, 712100, China; 2Institute of Evolution, University of Haifa, Mt Carmel, 31905, Haifa, Israel 

Wild barley (Hordeum spontaneum), the immediate progenitor of cultivated barley, is distributed throughout the Near East Fertile Crescent to southwest and central Asia. We are interested in chracterizing the stress-responsive genes in wild barley from Israel and in identifying their roles in the inherent molecular mechanism of the unique resistance of desert ecotypes to water stress. cDNA-AFLP differential display, a powerful tool to identify the difference that occurred in gene expression, were used in this research to locate the main differential transcripts in drought response of wild barley in xeric genotypes compared with the mesic counterparts. 

Seeds from the xeric genotype 20-05 from Sede Boker and mesic genotype 10-30 from Maalot were germinated in petri-dishes to 1 leaf and transferred to box containing liquid nutrient solution, then growed to 3 whole leaves and subjected to dehydration treatment by totally removing the solution, samples (leaves and roots) were harvested in 6 hours after dehydration. Total RNAs were extracted by NucleoSpin RNA Plant (Macherey-Nagel), following the instruction of the manufacturer, the cDNAs were synthesized by Universal Riboclone cDNA synthesis system, the cDNAs were used as templates to conduct restriction and adaptors ligation by EcoR I and Mse I, the resulted products were used as templates to conduct amplification by using the corresponding EcoR I/Mse I primer combinations. PCR products were run in 5% denatured polyacrylimide-urea gel, and then silver-stained. The differential displayed bands were isolated from the polyacrylimide gel and re-amplified. The re-amplified fragments were cut out of 1% agarose gel, extracted by QIAquick gel extraction kit, cloned into pGEM-T easy vector by following the manufacturer’s instruction, and sequenced by big-Dye. 

We have identified a number of PCR bands derived from samples specific to the drought treatment in the xeric plants. Sequences were analyzed by NCBI BLAST. The BLAST results of those differential displayed sequence showed that fragments Ta35-a1 and Ta35-a7 were related to Fusarium graminearum inoculated wheat (T. aestivum) cDNA clone and Hordeum vulgare seedling green leaf EST library (Blumeria challenged H. vulgare cDNA clone), Wheat heat stressed flag leaf cDNA library (T. aestivum cDNA clone ); fragment Ta35-a2 was related to H. vulgare, Zea mays, Oryza sativa, Lycopersicon esculentum, Prunus persica etc. plasma membrane H+-ATPase and also H. vulgare cDNA clone; fragment Ta35-a3 was related to Wheat Fusarium graminearum infected spike cDNA library (T. aestivum cDNA clone), Drought stressed (leaf) O. sativa (indica cultivar-group) cDNA clone; fragment Ta35-a4 was related to H. vulgare Mla locus, T. monococcum actin (ACT-1) gene, putative chromosome condensation factor (CCF), putative resistance protein (RGA-2), putative resistance protein (RGA2) and putative nodulin-like protein (NLL) gene; fragments Ta35-a5 and Ta35-a6 were related to T. aestivum RNA for phosphoribulokinase, T.aestivum PRK gene for ribulose-5-phosphate kinase, Mesembryanthemum crystallinum phosphoribulokinase mRNA, Arabidopsis thaliana phosphoribulokinase precursor mRNA, A.thaliana PRKase gene for Ribulose-5-phosphate kinase. The homologies are about 81-98%, but have some single nucleotide polymorphisms (SNP) and deletions or insertions occurred. These functional resemblances indicate that those fragments are likely to be true drought responsive elements and may play a major role in the drought resistance of desert barley. Work is in progress to identify their full cDNA sequence using 5’RACE and silicon cloning; therefore they may be used for construct vectors for improvement of drought resistance in cereals. 
cDNA Cloning and Sequence Analysis of Powdery Mildew Resistance Gene in Chinese Wild Vitis Species

Wang Yuejin , Zhang Jinjin

College of Horticulture, Northwest Science & Technology University of Agriculture& Forestry, Yangling Shannxi, 712100 

There is abundant resistance in Chinese wild Vitis species. In order to gain insight into the molecular mechanism of the pathology-induced resistance and to investigate the expression of resistant gene related cDNAs, we initiated a study for isolation of the powdery mildew resistance gene or related cDNAs of Vitis using mRNA differential display PCR.

In the vineyard, Uncinula necator was inoculated on the leaves of the grape materials: Vitis pseudoreticulata Baihe-35-1, Vitis vinifera Carignane and F1 6-12-3 to induce the expression of disease resistance. With thereinafter steps: total RNA extraction from leaves at different sampling periods, cDNAs reverse transcription, sequencing electrophoresis, silver staining, Northern blot, sequencing and Blast searches alignment in DNA database, we gained these results:

1. By researching the expression of powdery mildew resistance gene after infection in Baihe-35-1 using DDRT-PCR. Five cDNA fragments related to resistance powdery mildew were identified using this approach. T11CA/B0313-410 (Vptua1) is 410bp, T11CA/B0304-474 (Vprdrf 2) is 474bp, T11CA/B0315-360（Vprdrf3） is 360bp, T11CA/B0322-280（Vprdrf4）is 280bp, T11GC/S11-428（Vprdrf7）is 428bp. Vprdrf 7, which has no alignment in DNA database, is a new gene of powdery mildew resistance. The accession numbers of GenBank database are CD662166, CD347662, CD347663, CD347664, CD347666.

2. Sequencing and alignment analysis shows: Vptua1, which is 410 bp, encodes the leaf α-tubulin gene of Vitis. The transcription of Vptua1 is depressed in the process of inducing. It is a down-regulated cDNA. Vprdrf4,partial sequence of leaf ribosomal protein of Vitis, the length of Vprdrf4 is 280 bp. By reason of the expression of it is enhancing during the course after fungi infected, Vprdrf4 is up-regulated cDNA. 

3. By comparing the differential expression cDNAs of Carignane and 6-12-3, 6 sensitive disease reduced cDNA fragments, T11GC/B0316-220、T11GC/B0316-450、T11CA/B0314-960、 T11GC/B0316-440、 T11CA/B0304-420 、T11GC/B0316-220 、T11CA/B0320-210 were gained. All of these fragments displayed similarly on Carignane and 6-12-3 after the pathogeny infection, were screened using this technique. Besides, 5 specific expression cDNA fragments of Carignane, T11GC/B0316-410、T11GC/B0316-250、 T11CA/B0304-420、 T11CA/B0340-720、T11CA/B0316-1000 and 12 specific expression cDNA fragments of 6-12-3, T11GC/B0316-265、T11GC/B0316-430、T11CA/B0320-390、T11CA/B0304-390、T11CA/B0304-550、T11CA/B0313-290、T11CA/B0313-340、T11CA/B0313-380、T11CA/B0313-450、T11CA/B0313-650 、T11CA/B0313-780、T11CA/B0304-470, were also obtained.

4. The modified SDS/phenol method can extract undegraded total RNA from mature leaf and ripe fruit skin. Following this efficient procedure, we routinely obtained 191.40μg/g ~261.20μg/g  total RNA from leaf and 31.50μg/g from ripe fruit skin. The ratio of A260/A280=1.8~2.0. The RNA is highly stable and sufficiently pure for DDRT-PCR, RACE, Northern hybridization and cDNA library construction.

5. By comparing key factors in DDRT-PCR, the DDRT-PCR reaction system for Vitis was established. The optimizing reaction system contained 1.0μL cDNA, 0.25mmol•L-1 dNTPs, 1.5mmol•L-1 MgCl2, 2.5mmol•L-1 anchored primer, 2.5mmol•L-1 arbitrary primer, and 1.0 U Taq. This DDRT-PCR system can be a useful tool to study fruits developmental processes at the RNA level.

Change of Gene Expression Profiles of Maize Induced by MDMV-B Infection

Chunsheng Xue 1,2, Guoying Wang 1*, Suqin Xiao2, Jie Chen 2, Ke Zhang1
1State Key Lab of Agrobiotechnology, China Agricultural University, Beijing 100094, China;

2College of Plant Protection, Shenyang Agricultural University, Shenyang 110161, China

*Corresponding. Author  E-mail: gywang@cau.edu.cn

Maize dwarf mosaic virus (MDMV) causes a devastating viral disease in the worldwide.  Since 1990, severe losses have been reported in corn producing areas every year in China. The disease is controlled primarily by application of resistant varieties. For the understanding of the resistant mechanism of maize to MDMV, cDNA-AFLP was used to analyze the differential expression induced by MDMV-B in Huangzao-4, a resistant maize inbred line widely used in China. We analyzed the changes of expression profiles after 0、2、4 and 6hr of MDMV-B infection. One hundred primers were utilized for selective amplification of fragments. Each pair of primers revealed 60 to 100 bands ranging from 100 to 700 bp in length. Of 32,000 bands analyzed, 203 bands, which showed differential expression patterns, were amplified with 56 primers. 187 bands were induced and 16 bands were inhibited by MDMV-B infection. DNA sequences were obtained for 27 fragments induced. The sequences were compared with those in the GeneBank database by BLAST. Those sequences appeared to be similar to those of transcription factor, protein phosphatase, GTPase regulator, zinc finger domain and other protein which are probably related to signal transduction for activating defense responses, and other sequences are same to maize triose phosphate translocator (TPT), fructose-1,6-bisphosphatase (FBP) and mus1 which are probably associated with the change of metabolism pathway in maize when infected by the pathogen. Many fragments have high homology to mRNA sequences from maize, but some sequences shows no homology to the known sequences. Perhaps those sequence are too short or represent uncharacterized sequences.

We will focus our attention on important fragments strongly induced by MDMV infection in the future. Firstly we will acquire full length cDNA sequences by RACE or screen cDNA library and verify the expression patterns by Northern blot. Functions of the full length cDNA related to signal transduction during MDMV-infection need to be further analyzed.   

Characterization of Antifreeze Proteins and Cloning of AFPs Gene PsPAF in Populus Suaveolens
Lin Shanzhi , Lin Yuanzhen , Zhang Zhiyi , Guo Huan , Zhang Qian

Key Laboratory for Genetics and Breeding in forest Trees and Ornamental Plants, MOE, 

Beijing Forestry University. Beijing 100083, China
Antifreeze proteins (AFPs) was successfully purified from the heat stable proteins induced by freezing acclimation at –20oC in the branches of Populus suaveolens cuttings, and its synthesis was inhibited by cycloheximide. Its molecular weight is about 60kD, and its thermal hysteresis activity (THA) is 2.7oC at 20mg/ml, which is higher than those of other antifreeze proteins observed in polar fishes, winter rye, and Ammopiptanthus mongolicus, indicating that AFPs with high THA induced by freezing acclimation might be thermal hysteresis proteins, and appear to differ somewhat from that produced by most animals and herbaceous plants. In addition, AFPs exhibit heat stability, and can be hydrolyzed by protease K and its THA is obviously decreased. The N-terminal 20 amino acids of AFPs are DSDLSFSNKFTVPCQDDIFL, which shows 55% identity with AFPs of Ammopiptanthus monglicus. Amino acid composition analysis of the 60 kD AFPs indicated that it is at least contained 15 kinds amino acids and has a compositional bias for Asp (13.9 %), Ser (10.8 %), Ala (10.0 %), Gly (9.8 %), Val (8.8 %), and Glu (8.3 %). These six amino acids represented 61.3 % of the total amino acids. Moreover, 60 kD AFPs was also shown to contain relatively low levels of amino acids (Phe, Lys and Tyr), and is rich in hydrophilic amino acids. AFPs are abundant in branches and play an important role in the antifreeze process in P. suaveolens during the period of overwintering. 

To obtain gene associated with freezing resistance, and to provide the basis for the genetic improvement on the freezing resistance of crops and forest trees, the AFPs gene of P.suaveolens was isolated from shoots regenerated in vitro during freezing acclimation by RT-PCR. The P.suaveolens AFPs gene PsPAF has about 1170 base pairs containing 54% AT and 46% GC, and may encode 370 amino acids of antifreeze proteins. The nucleotide sequence of PsPAF shows 30% and 24% identity with those of Daucus carota and Secale cereale, respectively, indicating the amino acid sequences of PsPAF have very low identity with others. It is possible that PsPAF may be a new plant antifreezing gene. Prokaryotic expression and identification of PsPAF is being done.

Cloning and Identification of Differentially Expressed EST in Leaves between Wheat Hybrid F1 and its Parents 

Liu Ka , Wu limin, Wang Zhangkui, Xie Xiaodong, Ni Zhongfu, Sun Qixin

Department of Plant Genetics & Breeding,  China Agricultural University, 100094, Beijing China

*Corresponding author: e-mail: qxsun62@public.bta.net.cn

The molecular basis of heterosis or hybrid vigor is poorly understood despite its perceived importance in evolution and practical significance in breeding programs that aim to increase yield of crop plants. Many studies have showed that gene expression in hybrid F1 alters obviously as compared to their parental inbreds , but for further elucidation of the molecular mechanism of heterosis, those differentially expressed genes between hybrid F1 and its parental inbreds need to be cloned and characterised.

By using cDNA amplified fragment length polymorphism (cDNA-AFLP), one thousand  cDNA fragments that differentilally expressed between heterotic wheat hybrid F1(nongda3338×jingdong6) and its parents were isolated. Confirmed by reverse Northern blot , thirty-one ESTs expressed differentially in hybrid and its parents were cloned and sequenced. GenBank search indicated that nineteen genes were involved in metabolic pathways including photosynthesis(four genes), fatty acid metabolism(two genes), protein catabolism(one gene), amino acid metabolism(two genes), regulatory protein(two gene), transmembrane transport(two genes), respiratory chain(one gene), signal transduction(four genes), and storage protein(one gene).  There are additional twelve cDNA fragments with unknown functions, one sequence no significant similarity found.

The results suggest that many different kinds of genes may participate in heterosis. Further studies are needed to isolate the full-length cDNAs of those differentially expressed genes and analyze their possible function leading to heterosis

Comparative Analysis of the Genes Encoding Enzymes Involved in the Fatty Acid Biosynthesis among Brassica Crops of China

Ma Rong-Cai1*, Li Zhu-Gang1,2,3, Xie Hua1, Cui Chong-Shi2, Cao Ming-Qing1
1Beijing AgroBiotechnoogy Research Center, Beijing 100089, China; 2College of Horticultural Sciences, Northeast Agricultural University, Ha-Er-Bin, Heilongjiang Province 150030, China; 3present address: SJTU Plant Biotechnology Research Center, Shanghai Jiao-Tong University, Shanghai 200030, China

* Corresponding author. Email: rcma1@yahoo.com; Tel: 51503831; Fax: 51503980.

Brassica is the most important and one of the largest genera, consisting of more than 300 families, in Cruciferae. Many of them are vegetables, oil crops and feed crops commonly consumed and used in the world. Fatty acid biosynthesis is one of the primary metabolism pathways and is involved in many cellular processes, such as signal transduction and resistance to biotic and abiotic stresses. Its products have been used in agriculture, chemical and food industry. 

This work stresses and tries to answer the question on the origin and phylogenetic relationship of Brassica six species based on the comparative analyses of important metabolic pathways at the gene and protein levels. With the whole genome sequence of Arabidopsis thaliana available, many important genes have been characterized functionally. Most of these genes show high homology (over 80%) with those of Brassica species, and therefore, paving the way for us to analyse their structural and functional relationship among these species.

In this work, 9 pairs of PCR primers were designed and synthesized based on the conserved sequences of the genes in Arabidopsis, and used to amplify the genes for 9 different enzymes involved in fatty acid biosynthesis from the six Brassica species. After electrophoresis, distinct gene-specific band patterns were obtained. The gene fragments coding for fatty acid elongase (FAE1) and fatty acid desaturase (FAD2) were cloned into plasmids and sequenced. For the first time, the genes of fatty acid biosynthesis pathway were studied in Chinese cabbage. Based on our preliminary analysis of fatty acid biosynthetic pathway in Brassica, some conclusions could be reached: (1)，Each of the nine genes of fatty acid biosynthesis pathway has more than one copies and the copy number varies among different species and even some cultivars of the same species. (2), all the gene sequences cloned in this work are highly conserved among the six Brassica species, and these genes differentiated before the speciation as shown in the phgylogenetic trees. (3)，some genes, such as those coding for 3-oxoacyl-[acyl-carrier-protein] synthase and beta ketoacyl CoA synthase also show high similarity with FAE1, suggesting that these genes may have a common ancestor in the evolution.

Acknowledgement: This work was financially supported by Science and Technology Committee of Beijing Municipal Government (grant No. 954410900). 

Control of MOC1 Nuclear Localization in Rice


Guosheng Xiong, Weiping Zhang, Zhiming Fu, Xueyong Li, Yihua Zhou , Jiayang Li
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MONOCULM 1 (MOC1) belongs to the plant specific GRAS transcription factor family and plays a very important role in the control of rice tillering. Some GRAS members such as SLR1 possess nuclear localization signals (NLS) and are located in nuclei. However, even though no conventional NLS domains thus far characterized could be predicted in MOC1, the MOC1–GFP green fluorescent signal was detected mainly in the nuclei of stable transgenic rice plants. These results indicate that MOC1 is a nuclear-localized protein and there may be an unidentified NLS in MOC1 or MOC1 may be imported into the nucleus through an NLS-independent mechanism. In order to find out which domain in MOC1 protein is responsible for the nuclear localization and essential for its function in the control of tillering, we constructed various truncated MOC1-GFP fusion proteins under the control of 1.5 kb MOC1 promoter and transfer it to moc1 mutant plants. The expression of MOC1–GFP fusion protein in transgenic plants was detected by Western blot using the anti-GFP monoclonal antibody. The confocal microscope analysis showed that MOC1–GFP fusion protein in transgenic plants in the moc1 genetic background was localized in nucleus, which is consistent with the result obtain  in the wild-type background. The MOC1-GFP fusion protein was functional and able to complement the loss-of-tillering phenotype, whereas the height of the transgenic plant is much shorter than that has been observed in the wild-type background. The dwarf phenotype of the transgenic plant was probably due to overexpression of MOC1–GFP fusion protein or resulted from the interaction between the MOC1–GFP fusion protein and the proposed endogenous mutant MOC1 protein. We further fused the GFP to the entire or truncated MOC1 proteins under the control of CMV 35S promoter. The transient expression assay in onion epidermal cells showed that green fluorescent signal of the intact MOC1-GFP fusion was mainly observed in the nuclei, but the localization specificity was relatively poor when compared with the stable transgenic plant. These results indicate that an NLS-independent mechanism is possibly present in the process of MOC1 transportation into the nucleus.

Determination of Single-cell Gene Expression in Arabidopsis by Capillary Electrophoresis With laser-induced Fluorescence Detection

Xin Liu, Li Ma, Jian-Feng Zhang, and Ying-Tang Lu*

Key Laboratory of MOE for Plant Developmental Biology, Wuhan University, Wuhan 430072, P.R. China
We report a method for the measurement of gene expression in single cells of Arabidopsis using capillary electrophoresis with laser-induced fluorescence (CE-LIF) detection. Initially, the quantitative analysis of APETALA2 (AP2) and LEAFY (LFY) was performed by CE-LIF method. The detection limits of AP2 and LFY can reach 0.08 ng/ml and 0.04 ng/ml (signal-to-noise ratio = 3), respectively. This protocol coupling with single-cell reverse transcriptase-polymerase chain reaction (SC-RT-PCR) has been used to monitor LFY and AP2 expression in individual cells from the shoot apical meristem, leaf, root, and stem of Arabidopsis, simultaneously. The effect of PCR cycle number on PCR product concentrations has been discussed. The changes of LFY expression were determined at single-cell level in different Arabidopsis tissues. The relationship between GA and LFY expression was also revealed by this method. It was shown that the combination between CE-LIF and SC-RT-PCR could provide a highly sensitive and selective tool for the determination of different gene expression at single-cell level in specific tiny plant tissues.

EST Analysis of Chinese Cabbage Infected by the Soft Rot Bacterium Erwinia Carotovora Subsp. Carotovora
Ma Rongcai1*, Qu Shuping1,2, Zhang Songhe1,3, Yuan Fang1,4, Cao Mingqing1
1Beijing AgroBiotechnology Research Center, Beijing 100089; 2College of Horticultural Sciences, Northeastern Agricultural University, Ha-Er-Bin, Hei-Long-Jiang 150030; 3Nanjing Agricultural University, Nanjing 210000, China; 4 Capital Normal University, Beijing 100037, China.
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A suppression subtractive hybridization （SSH） cDNA library was constructed from Chinese cabbage leaves challenged with Erwinia carotovora subp carotovora at the early stages of soft-rot disease. The Chinese cabbage cultivar DongNong 905 showing medium resistance to bacterial soft-rot was used in this study. In total, 1216 cDNA clones were randomly selected and sequenced and 1107 EST sequences longer than 100 bp were then obtained. The sequence similarity analysis was done using our local BLAST software by aligning the sequences with those of non-redundant nucleotide sequence database (NR) of GenBank, and 1058 of the ESTs were identified encoding putative proteins. Out of the 1058 ESTs, 793 coding for functionally known proteins, 256 for the hypothetical, putative and unknown proteins, and 49 had not match with the sequences in GenBank. The best matched protein sequences with those encoded by the 793 ESTs were from 24 plant species, most of which from Arabidopsis thaliana and Brassica species, and only 6 (0.76%) were of published sequences from Chinese cabbage. The results suggested that calmodulin-associated signal transduction, ethylene, salicylic acid (SA) and jasmonate (JA) pathways be involved in the soft-rot disease resistance and defense reactions in Chinese cabbage. Metabolites of the PAL pathway, cell wall modification process, and other cell defense systems.

Acknowledgement: This work has been supported by national “863” program (2001AA23108).

EST Analysis of the Heading Leaf of Chinese Cabbage (Brassica rapa L. ssp. pekinensis) in the Early Phase of Heading Stage
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A cDNA library was constructed from the heading leaf in the early phase of heading stage of Chinese cabbage. By sequencing the randomly selected clones, we got 1363 sequences longer than 200bp with better trace data. After removing the poly (A) and the contamination sequences, we obtained 1162 ESTs longer than 150bp, out of which 1102 shared significant similarity with known sequences in protein and nucleotide databases of NCBI after being analyzed using BLAST X and BLAST N programs. The functional assignment of ESTs was done based on the method used in the Arabidopsis thaliana sequencing project. About 77% of the putative protein sequences with known biological functions matched with those of Arabidopsis thaliana deposited in the non-redundant database of NCBI. These data suggested that Chinese cabbage was closely related to Arabidopsis thaliana. This result was different from what was reported in other Brassica species. At nucleotide level, 51% (592/1162) of the ESTs are homologous to those deposited when all the ESTs were searched against the est_others database. In addition, 60 ESTs have no homology with any of the plant genes released from the GenBank. These ESTs are very important for understanding the unique process of Chinese cabbage development and developing its genetic mapping. Among the genes with assigned functions, the most abundant representatives were those involved in protein synthesis and energy metabolism. With the 1162 ESTs, 895 non-redundant contigs were generated after aligned using the SeqmanⅡmodule of DNAStar software at the threshold of more than 80% homology over a minimum of 40 base pairs. A total of 723 singletons were obtained containing only one EST sequence, indicating that such many kinds of genes were expressed in the heading leaf of Chinese cabbage. An expression profile of Chinese cabbage heading leaf with the 1162 ESTs was therefore, acquired in this work, and this would be very useful for uncovering the mechanism of the heading process which was the most obvious character of Brassica rapa L. ssp. pekinensis, and perhaps other related species, such as B. oleracea. We expected that this work would accelerate the finding and characterization of the genes specifically expressed in the heading stage of Chinese cabbage.

Acknowledgement: This work has been supported by National High-Tech Development Program (“863” program) (grant No. 2001AA23108).

Expression and Inheritance of Snowdrop Lectin Gene in Transgenic Wheat
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In this study, the synthesized snowdrop lectin gene (Galanthus navalis agglutinin，GNA) sgna which was proved to have great resistance to aphids, was transferred into a wheat cultivar Yangmai158 mediated by particle bombardment. Six independent derived transgenic plants were regenerated and confirmed by PCR analysis. And the following generations have been screened by PCR and dot blot methods at molecular level. Now 34 T3 plants have been obtained. Aphid bioassay and agronomic traits analysis of T1 plants were carried out. 

The positive frequency of PCR analysis from T1 to T3 generations showed that the inheritance and segregation of sgna gene was different in different transgenic lines and was not consistent with Mendel’s law. After T3 seeds being harvested, half-seed PCR was performed on seeds from some transgenic lines. However, no purebred lines were found. 

Aphid bioassay on T1 plants was carried out in greenhouse conditions. When wheat grew to two-leaf period, five man-feed aphids were inoculated on each plant. And two weeks later, the aphid number was counted and statistics analysis was performed using SAS. The results showed that significant difference（P<0.01） between wheat plants containing sgna gene and control plants (containing no sgna genes ) in aphid number, indicating the expression of sgna gene could significantly reduce the fecundity of aphids. And there was also significant difference (P<0.05) between two different transgenic lines, perhaps due to different expression levels in them.

To elucidate whether the introduction of sgna gene into wheat genome affect the agronomic traits of wheat, such traits as plant height, number of spikes, main spike length, number of spikelets on the main spike and number of grains of the main spike of 18 T1 plants were recorded and analyzed. The results showed that transgenic plants containing sgna gene varied to some extent compared with control (transgenic plants without sgna gene)on the five traits. Most plants have become worse as far as the number of spikes, main spike length, number of spikelets on the main spike and number of grains of the main spike are concerned. Only two plants were as good as the control plant. Further analysis by SAS indicated that variations of the number of spikelets on the main spike and the number of grains of the main spike reached significant levels, suggesting the two traits should be given relatively more attention during the breeding process. 

Expression of Synthetic Cry1Ac and Cry1Ie Gene in E. coli and TobaccoConfers Resistance to Corn Borer

LIU Yun-Jun1, Song Fu-Ping2，He Kang-Lai2，WANG Guo-Ying1*, 
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In order to develop a resistance management strategy to control corn borer based on the co-expression of different toxins, fully modified Bacillus thuringiensis Cry1Ac and Cry1Ie gene have been designed and synthesized. 

Both genes were cloned into prokarytic expression vector pET28b. SDS-PAGE analysis revealed that modified Cry1Ac and Cry1Ie were expressed in E. coli. Bioassays were carried out on artificial insect diet added with Cry1Ac and Cry1Ie protein extracts. One hundred larvae were introduced individually onto each artificial insect diet with three replicates. Corn borer larvae bioassays of the cell extracts containing the Cry1Ac and Cry1Ie protein revealed more than 90% of larval mortality. The results indicated that the proteins encoded by the modified Cry1Ac and Cry1Ie genes retained insecticidal activity against corn borer larvae. 

Binary vector pUbiAc and pUbiIe were constructed and transformed into A. tumefaciens LBA4404. Transgenic Nicotiana tabacum plants were regenerated from both constructs. The results of Southern blot analysis showed that Cry1Ac and Cry1Ie had integrated into tobacco genome. Bioassays with transgenic tobacco plants transformed with Cry1Ac and Cry1Ie showed toxicity to corn borer. 

Cry1Ac, driven by maize ubiquitin promoter and Cry1Ie, driven by two tissue-specific promoters, silk tissue and chlorophyll a/b binding protein (CAB) for green tissue from maize, were successfully co-delivered into immature embryos of maize inbred lines Z3 and Z31. 160 fertile transgenic corn plants were obtained through phosphinothricin(PPT) selection, and the PCR results showed that 122 of 160 plants carried Cry1Ac gene. It indicated that the foreign genes had integrated into maize genome. PCR analysis of 87 plants of T1 generation proved 52 of 87 plants carried Bt gene. Bioassay results showed that some of the PCR-positive transgenic maize plants had strong resistance to corn borer. 

Expression Profiles of the Hybrid Shanyou 63 and the Parents at Three Stages of Panicle Development as Revealed by cDNA Microarray Analysis

Yi Huang, Dejun Yuan, Jianwei Zhang, Xianghua Li, Shiping Wang and Qifa Zhang
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There have been intensive genetic studies of heterosis based on molecular marker technology and high-density linkage maps, which have provided data for critical assessment of long-debating hypotheses concerning the genetic basis of heterosis. The current study was undertaken to compare the genes that were differentially expressed in an elite hybrid and its parents during young panicle development, as the first step toward understanding of heterosis at the molecular level. In this study, a high-density cDNA microarray consisting of 5760 unique rice gene sequences derived from a normalized cDNA library made up of 15 different tissues was used to profile global gene expression patterns. Young panicles at three early stages of development were harvested from Zhenshan 97, Minghui 63 and their hybrid Shanyou 63, the most widely cultivated hybrid in China. The first cDNA strands of hybrid and both parents were labeled with Cy5-dye; hybridization was done on 3 chips at a time, with two independent replications each. Ratios of hybridization signals of the hybrid to each of the parents were calculated. To obtain the thresholds for declaring significant up- or down-regulations, a “yellow experiment” was conducted in which two slides were hybridized with the same RNA samples of Zhenshan 97, the ratios of the hybridization signals were calculated, and the cutoff points for upper and lower 2.5% were identified, which were 1.6 and 0.5, respectively. A gene was regarded as up- or down- regulated if the ratios obtained in both of the replicates were larger than 1.6 or smaller than 0.5. A total of 57 differentially expressed sequences were identified in the hybrid compared with the parents, of which 26 genes were up-regulated and 31 genes were down-regulated. Functional analyses of these genes based on sequence homology with known genes indicated that they could be classified into the following functional categories: metabolic enzymes, transcriptional factors, kinases, signal proteins, proteinases, and unknown proteins. Further analysis is still in progress.

Functional Analyses of Auxin-Related Genes in Arabidopsis
Jing Yang, Xinfang Liu , Jiayang Li

Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, Beijing 100101

Auxin is an important phytohormone that modulates many physiological and developmental processes in plants growth. ARF and Aux/IAA transcription factors are two main auxin-related gene families, which play central roles in plants auxin signaling pathway and multiple auxin-dependent phenomena. Many studies have demonstrated that ARFs bind to Aux/IAA to form heterodimers in default state, and are released by auxin signals while Aux/IAAs are degraded via ubiquitin/26S proteasome pathway. Free ARFs then form homo/ heterodimers with each other to function as transcription activators or repressors.

Although more than twenty-three ARFs and twenty-five Aux/IAAs have been predicted in Arabidopsis genome, only a few genes such as NPH4/ARF7, SHY2/IAA3 and AXR2/IAA7 have been functionally documented in plant morphogenesis or auxin signal transduction. Functions of most remained genes are still unknown, which is probably due to genetic redundancy. For the in-depth genetic and biochemical characterization of these genes functions in a highthrough way, we have cloned most of ARFs and Aux/IAAs genes of Arabidopsis into binary vectors by Gateway approach to express fusion proteins in plants and yeast.

According to phylogenetic analysis of proteins sequences, a subgroup of three genes distinct from all functionally reported members in ARFs family have been chosen for further studies. Their expression patterns are identified by RT-PCR and promoters::GUS transgenic plants. To understand roles of the three genes, transgenic plants with suppression or overexpression of targets genes are being studied by molecular genetic approaches. In addition, it has been predicted that microRNA may involve in the control of expression patterns and mRNA accumulation of the three genes in plant tissues. Therefore, it is interesting to investigate whether microRNA is a part of auxin signal regulation network. 

Functional Analysis of IAA Conjugate Hydrolase from Arabidopsis Thaliana

Wang Huanzhong, Dai Ya, Li Jiayang

Institute of genetics and developmental biology, Chinese Academy of Sciences, Beijing 100101

Indole-3-acetic acid (IAA) is an important plant hormone controlling many aspects of plant growth and development. The amount of free IAA is delicately controlled at many levels, such as de novo biosynthesis, catabolism of bioactive IAA and balance between active IAA and storage forms. IAA-amino conjugates are effective source for free IAA, and synthesizing and hydrolyzing IAA conjugates has striking effect on the plant free IAA contents. Sequence analysis shows that in Arabidopsis genome there are six amidohydrolases that can catalyze IAA-amino conjugates to free IAA. In this study we isolated three genes encoding amidohydrolase, named ILL1, ILL2 and ILL3, using PCR based method. Sequencing assay shows that ILL1 is differentially spliced. Overexpression and suppression study of these genes were also performed. Physiological analysis showed that decreased ILL1 level altered plant responses to several IAA-amino conjugates. These results showed that expression of amidohydrolase is tightly controlled and these genes encode functional enzymes.

Genetic Characterization of the Acyl-Coenzyme A Synthetase, which is Required for Seedling Establishment in Arabidopsis
Tan Xiaoli1,2,3, Guo Aiguang2, Li Dianrong3 and Li Jiayang1*
1Institute of Genetics and Developmental Biology, 917 Building, Datun Road, Anding Menwai, Beijing 100101, China; 2Northwest Sci-Tech University of Agriculture and Forestry, Yangling, Shaanxi Province 712100, China; 3 Hybrid Rapeseed Research Center of Shaanxi Province, Dali, Shaanxi, 715105, China

The degradation of storage lipids after seed germination is essential for seedling establishment in oilseed plant, which provides energy and molecules necessities for the building of photosynthetic apparatus and allowing plant autotrophic growth. Here we report the characterization of an Arabidopsis cDNA that encodes a long chain acyl-coenzyme A synthetase (LACS, EC 6.2.1.3). LACS catalyzes the formation of fatty acyl-CoA thioester from free fatty acids in the presence of CoA, ATP, and Mg2+. Fatty acyl-CoAs, the important bioactive compounds, not only involve in many cellular processes but also serve as substrates for lipid biosynthesis and (-oxidation. The cDNA we isolated was designated as At LACS1. Sequence analysis indicated that At LACS1 has 1993 bp in length, which encodes a polypeptide of 660 amino acids with a calculated molecular mass of 74597. Under normal growth condition, over-expression and suppression of At LACS1 did not cause significant phenotype alteration in the transgenic plants. However, during postgerminative growth, without exogenous sugar supply, the transgenic plants with suppressed expression of AtLACS1 showed slow growth of main roots and undeveloped true foliage leaves, while the transgenic plants with over-expression of LACS1 exhibit more developed roots than that of wild type. RT-PCR and Northern blotting analysis revealed that LACS1 was mainly expressed in seedlings, stems, flowers and siliques. The data presented here suggest that AtLACS1 is required for seedling establishment. To understand whether the LACS1 involves in the (-oxidation pathway or other pathway, subcellular localization of At LACS1 will be performed in the future.

Genetic Engineering for Sethoxydim-Tolerance in Maize

Huji Zhao1, Jianhua Wang1, Tianyu Wang2, Guoying Wang1*
1State Key Laboratory of Agrobiotechnology and National Center for Maize Improvement, China Agricultural University, Beijing 100094, China; 2Institute of Crop Germplasm Resources, CAAS, Beijing 100081,China; 

* Author for correspondence, E-Mail: gywang@cau.edu.cn

Acetyl-CoA carboxylase (ACCase, EC 6.4.1.2) is a biotinylated enzyme that catalyzes the first committed step in fatty acid biosynthesis. In plants, there are two forms of ACCase, one of them locates in plastids, another in cytoplasmsol. Graminae ACCase in plastid is the target site of two classes of graminicide herbicides: aryloxyphenoxy propionates (APPs) and cyclohexanediones (CHDs). A foxtail millet (Setaria italica) strain Chum BC 6-1, which are highly resistant to sethoxydim (a graminicide of CHDs), has been developed by distant hybridization. This work was carried out for further understanding of the resistance mechanism of Chum BC 6-1. 

1.Cloning of plastid Acetyl-CoA carboxylase cDNA from Setaria italica and sequence analysis of graminicide target site. According to the known conserved regions of Graminae plastid ACCase cDNAs, RACE was use to obtain 5’ and 3’ sequence of Setaria italica plastid ACCase cDNA. Based on the sequences of the two 5’ RACE and 3’RACE, a 7.3 kb cDNA sequence with a complete ORF has been obtained from sethoxydim-resistant (named foxACC-R, Accession number: AY219175) and sensitive Setaria italica (named foxACC-S, Accession number: AY219174), respectively. Using bioinformatics analysis, it is confirmed that the cDNA we isolated from foxtail millet encodes chloroplastic ACCase. By comparing the sequences from Chum BC 6-1 and sensitive strains, it is found that the amino acid at position 1780 is Leu in foxACC-R rather than Ile in foxACC-S and other cereal plastid ACCase. It is concluded that the change of Ile to Leu residue might be critical for interaction of plastid ACCase with cereal herbicides APPs and CHDs. 

2. Agrobacterium-mediated transformation of maize. The full-length cDNA of foxACC-R was cloned into plant transformation binary vector pCAMBIA-3301, 35S CaMV promoter in the vector was replaced with Ubiquitin promoter in order to over-express the ACCase . Also, selectable marker gene hygromycin was eliminated, and foxACC-R itself was regarded as selectable gene. Maize immature embryo and calli of several inbred lines (Z3、Z31 and 178) were transformed by Agrobacterium tumefaciens LBA4404, Resistant calli were obtained through two months of selection with 2-10μM sethoxydim. 70 regenerated plants have been obtained so far. Genomic PCR and southern blotting analyses of regenerated plants showed that foxACC-R has been integrated into maize genome. Some transgenetic maize plants showed sethoxydim-tolerance.

HMW-GS 14: a Alkaline HMW Glutenin with Transition from Cysteine Residue to Tyrosine Residue

FAN SANHONG, GUO AI-GUANG, ZAO HUI-XIAN

Northwest Sci-Tech University of Agricuture and Forestry, Xinong Road 22, Yangling, Shaaxi, China 712100
Content and composition of HMW-GSs, LMW-GSs and gliadins play an vital role during dough-mixing and bread-making processes. In this artical, HMW-GS 14, which presents in some wheat varieties with good bread-making quality in China, was purified by SDS-PAGE and it’s N-ternminal anmino acid sequence was abtained by microsequence analysis. a 2.4kb DNA fragment including the complete ORF of HMW-GS 14 was amplified from genome by PCR. Result of sequence analysis shows HMW-GS 14 is a typical HMW-GS encoded by 1Bx gene locus. Based on the predicted protein sequence and the result of NEPHGE×SDS-PAGE, HMW-GS 14 is the most basic glutenin subunit have been found. Researchers believe if there are the more cysteine residues at N-terminal and C-terminal of HMW-GS the more strong gluten will formed. But there are only two cysteine residues in terminals of HMW-GS 14, and two cysteine residue locuses of known HMW-GSs were replace by tyrosine residues.

Isolate the T-DNA Flanking Sequence of the Rice Mutant Library

Dong Guo, Jian Zhang, Wenya Yuan, Guoxing Chen, Xiangjun Li, Changyin Wu, Shiping Wang and Qifa Zhang

National Key Laboratory of Crop Genetic Improvement, National Center of Crop Molecular Breeding, Huazhong Agricultural University, Wuhan 430070, China

Mutants play an important role in studying gene function in plant functional genomics. It believed that T-DNA insertion is a random event with low copies in the target plant genome. Rice (Oryza stativa) is recognized as an important model plant among cereals because of its relative small genome size, mature T-DNA transformation technique and the availability of the draft sequence. As a part of our rice functional genomics project, we have established a rice T-DNA tagging mutant library containing about 35,000 independent transgenic plants. A strategy to determine a gene’s function is to sequence regions flanking T-DNA insertion sites in individual plants from large numbers of insertion mutant populations and establish a database of determining large numbers of insertion sites in advance. Our research aimed at establishment a rice T-DNA flanking sequence database and providing a platform for rice functional genomics research. TAIL-PCR (thermal asymmetric interlaced PCR) was employed to amplify DNA fragments flanking the T-DNA left borders from about 5000 transformed lines. A total of 1477 TAIL-PCR products were sequenced and compared with the rice genome to determine the positions of T-DNAs in each line. The efficiency of amplifying T-DNA flanking sequence is about 30% with an AD primer. Analysis the flanking sequence showed the complexity of T-DNA insertions. Some were Ti plasmid backbone sequence, some were T-DNA region. More than 60% of the sequences matched the rice genome very well. The progress of isolation flanking sequence and analysis them are under way. 

This work was supported by a grant from the National Program on High Technology Development of China, and a grant from the National Special Key Project on Functional Genomics and Biochip of China.

Isolation and Analyses of Water Stress Induced Genes in Maize Seedling by Subtractive PCR and cDNA Macroarray

ZHENG Jun, WANG Guo-ying*, ZHAO Jin-feng, FU Jun-jie, GAO Peng

State Key Lab of Agrobiotechnology, China Agricultural University, Beijing 100094, China

*Corresponding author, Tel: +86 (0) 10 62892577; E-mail: gywang@cau.edu.cn

Water stress is one of the major environmental stresses that adversely affect plant growth and crop yield worldwide. Hundreds of genes are thought to be involved in abiotic stress responses. However, only few molecular components were known precisely until recently. Most of these studies were processed in model plant Arabidopsis. 

To identify maize genes involved in response to water stress, a subtractive cDNA library was generated using PCR-selected cDNA subtraction Kit. The mix cDNA of leaves, stems and roots treated with 18%PEG was used as tester and that from untreated plants as driver. Initially 960 clones were obtained. In order to further confirm positive clones, all the clones were performed using the PCR-selected Deferential Screening Kit. According to the criterion described in the Kit, 533 clones were chosen and identified as water stress induced, from which 500 cDNA clones were successively sequenced. EST cluster analysis showed that these clones were representing 190 unique ESTs including 101 contigs and 89 singletons. All Uni-EST were compared to the GenBank database using BLASTN and BLASTX. A number of previously reported water stress related genes, such as ZMrab17, ZMDBF1, ZMGRP, ZMSUCS1, and some cDNAs containing high homology with stress induced genes of Arabidopsis, rice and other plants were founded in the subtractive cDNA library. However, 38% of the 190 transcripts are functionally unknown, based on BLASTX results with an e-value cut-off 1e-05, and the rest 117 ESTs were classified into 12 functional categories according to Arabidopsis Sequencing Project. 

In order to provide further data and survey the expression profiles of the 190 water-stress induced Uni-EST, a cDNA macroarray was prepared. Using the Biomek2000 Laboratory Automation Workstation, the PCR products from each of 190 clones were printed onto nylon membranes, and each clone was printed in quadruplicate. The transcripts of 127, 167, 118, 56 and 25 cDNAs increased after 18% PEG-, drought-, abscisic acid (ABA)-, high-salinity-, and cold-stress treatments, respectively, with more than twofold change at least one time-course point compared with those of control cDNAs. We also identified many 18% PEG-, drought-, ABA- or salt-stress-inducible cDNAs including transcriptional factor ZMDBF1. Expression profiles of various stress inducible cDNAs were classified into several gene groups by the hierarchical clustering of the Gene Cluster software (Stanford, Michael Eisen ). 

In the present study, we identified many PEG-, drought-, ABA-, salt- and cold-inducible cDNAs. However, the functions of most of them remain unknown. It is important to analyze the functions of their corresponding full-length genes not only for further understanding the molecular mechanisms of stress responses in higher plants but also for improving the stress tolerance of crops by genetic manipulation. 

Isolation and Characterization of MADS-box Genes from Peach (Amygdalus persica L.) and Almond (A. communis L.)

Xu Yong，Jiang Yuan-Qing，Ma Rong-Cai*
Beijing AgroBiotechnology Research Center, Beijing Academy of Agriculture and Forestry Sciences, Hai-Dian District, Ban-Jing Rd., Beijing 100089, P. R. China

*E-mail: rcma1@yahoo.com, Tel: 86-10-51503831/32, Fax: 86-10-51503980

MADS-box genes encoding transcription factors play pivotal roles in plant flower and fruit development. Prunus species, such as almond, apricot, cherry and peach, are important in horticulture and fruit production. We previously constructed a cDNA library of almond pistils and sequenced over 1000 expressed sequence tags (ESTs). Two of the ESTs showed significant homology to MADS-box gene sequences from other plant species. Through library screening, a nearly full-length (958 bp) of MADS-box cDNA, PdMADS1, putatively encoding a protein of 224 amino acids, was obtained. After data mining in the EST database of GenBank, we found that PdMADS1 and a peach EST were assembled into the same contig, and four more MADS-box genes were further discovered in peach.

To study the function of these potentially important genes, the four MADS-box genes have been isolated using RT-PCR from young peach fruits. These genes were named as PMADS2, PMADS4, PMADS5, and PMADS7, respectively. PdMADS1 has 98% identity with PMADS in DNA sequences. Phylogenetic tree was then constructed using the putative MADS-box protein sequences of peach and almond cloned in this work and those of Arabidopsis thaliana and Malus domestica. The result suggested that PMADS2, PMADS5 and PMADS7 belong to the monophyletic clade of SEP subfamily, which has recently been proven to be required for the canonical B and C functions in Arabidopsis and Petunia. PMADS4 was in a clade restricted to be expressed in reproductive structure and belongs to the AG subfamily of MADS box proteins.

A SSR (simple sequence repeat) occurs in the 5’-UTR of PMADS2 and therefore, SSR analysis was performed with DNAs from different Prunus species including almond, apricot, peach, and sweet cherry to test the SSR polymorphism of this locus, and about 14 alleles were discovered. Further research is being done to study the impact of the SSR polymorphism on PMADS2 expression and function during Prunus flower and fruit development.

Acknowledgements: This work was supported financially by the National Natural Science Foundation of China (grant No. 30170649) and the National Tenth Five-Year Key Project of Science and Technology of China (grant No. 2001BA707B02).

Isolation and Characterization of NBS-LRR Resistance Gene Analogues of Sugar Beet (Beta vulgaris L.) Suggests the Absence of TIR Type Resistance Gene Analogues in the Sugar Beet Genome

Yanyan Tian1*, Longjian Fan2*, Tim Thurau1, Christian Jung1 and Daguang Cai1
1Laboratory of Plant Molecular Biology, Institute of Crop Science and Plant Breeding, Christian-Albrechts-University of Kiel, Olshausenstrasse 40, D-24098 Kiel, Germany; 2Institute of Bioinformatics/ Institute of Crop Science, Huajiachi Campus, Zhejiang University, Hangzhou 310029, PR China. E-mail: fanlj@zju.edu.cn
* Authors contributed equally to this work

The majority of known plant resistance genes encode proteins with conserved nucleotide- binding site and leucine-rich repeats (NBS-LRR). Therefore, degenerated primers, designed based on the conserved motifs were used for amplification of resistance gene analogues from sugar beet by PCR. In combination with screening of a cDNA-library, 27 genomic and 12 expressed NBS-LRR RGAs (nlRGAs) of sugar beet were isolated, which were classified into three distinct subfamilies on the basis of nucleotide sequence identity. Sequence analysis suggested point mutations like nucleotide substitutions and insertiondeletions within/among subfamilies as the primary source of diversity of sugar beet nlRGAs. The phylogenetic analysis revealed a closed ancestral relationship between sugar beet nlRGAs and the resistance genes cloned from different angiosperm species. One group of RGAs appeared to share a common ancestor with Prf, Rx, RPP8 and Mi while the other one originated from the ancestral gene from which I2C1, Xa1 and Cre3 arose. Most unexpectedly, predicted products of nlRGAs isolated in this study are all members of the nor-TIR type resistance gene subfamily and no any representative of the TIR type RGAs could be detected in current sugar beet EST databases. These data suggest the absence of the TIR type RGAs in the sugar beet genome. A possible loss of the TIR type RGAs in dicot sugar beet as that presumably happened in cereals during evolution is discussed.

The paper should be published at Journal Molecular Evolution (in press)

Isolation and Characterization of Two Genes Encoding DNA Methyltransferase in Wheat (Triticum asetivum L.) 

Zongfu Han, Peng Liu, Zhongfu Ni, Fanrong meng, Limin Wu, Qixin Sun*

Department of Plant Genetics & Breeding, China Agricultural University, Beijing

100094, China
* Author for correspondence, Email: qxsun62 @ public.bta.net.cn

DNA of higher plants contains 5-methy cytosine ( m5 C ) as up to 30% of the total cytosine. Up to date, the physiological functions of DNA methylation in plants are not absolutely clear, but it is proposed to play an important role for modulating DNA compartmentalization, determining chromatin structure, genomic imprinting, regulation of tissue-specific gene expression, aging and gene silencing. Methylation of cytosines is catalyzed by an enzyme, DNA (cytosine-5) methyltransferase (MET), which transfers a methl group from S-asednosymethionine to the fifth position of a cytosine residue. Corresponding genes have been successfully isolated from several species including maize, rice, pea, carrot and tobacco, but few genes were cloned in wheat. In this study, two DNA fragments (GenBank accession no. AF433678 and AAL28119) encoding part of new different DNA methlytransferase were isolated from Triticum aesticum cv. Chinese Spring (CS), and the corresponding genes were designated as MET1and MET2, respectively. Amino acid and nucleotide sequence comparisons in GenBank revealed that they shared considerable homology to many methlytranferase genes from other species. MET1 was preliminarily located on chromosome 2A by using nullisomic-tetrasomic lines of common wheat (Triticum aesticum cv. Chinese Spring) each lacking a pair of chromosomes that had been replaced by an extra pair of their homoeologues. The expression of MET1 was also investigated. The results showed that it is synthesized constitutively in wheat. In addition, although the patterns of DNA methylation in high heterotic hybrid (3338 × Jingdong 6) alters obviously as compared to its two parental lines (3338 and Jingdong), the expression of MET1 has no difference. Therefore, MET1 may have no relationship with the differential DNA methylation between wheat hybrid and its parents. 

* Supported by Key Basic Research and development Plan of China (001CB1088) and the National Natural Science Foundation of China (30000109)

Microarray Analysis of Gene Expression in Low-Nitrogen Stressed Rice

Xingming Lian, Dejun Yuan, Xianghua Li, Shiping Wang, Qifa Zhang

National Key Laboratory of Crop Genetic Improvement, Huazhong Agriculture University, Wuhan 430070, China

The objective of this study is to identify the genes that are related to uptake or assimilation of nitrogen. Seedlings of rice cultivar Minghui 63 were cultured in full nutrient solution for 3 weeks, and transferred to a solution with the nitrogen concentration reduced to one sixth of the full nutrient solution. And seedlings that were transferred to the full nutrient solution are as the control. The roots of the stressed and the control seedlings were harvested at 20 min, 1 hr and 2 hr after the stress treatment. mRNA samples extracted from the low-nitrogen stressed seedlings and the control were reverse-transcribed and labeled with Cy3 and Cy5 respectively. The fluorescently labeled probes were hybridized with the microarray of 11520 unique genes from a Minghui 63 normalized cDNA library and five subtractive cDNA libraries. Each hybridization was repeated four times. A “yellow experiment” was conducted to determine the thresholds for declaring significantly increased or decreased expression.  Results indicated that many genes changed their expression pattern when the seedlings were stressed with low-nitrogen. In all, 37, 73 and 109 genes respectively were detected as showing enhanced expression in stressed materials in 20 min, 1 hr and 2 hr after stress, and 2, 510 and 0 genes showed reduced expression. Blast search results indicated that sequences showing enhanced expression included genes that encode regulatory proteins such as putative fructokinase, calmodulin-binding protein, phosphoenolpyruvate carboxykinase 4, rRNA promoter binding protein and senescence-associated protein 5. Those showing reduced expression included genes encoding enzyme in photosynthesis and in carbohydrate metabolism. Many genes encode hypothetical proteins and proteins with unknown functions. Further analysis is still under way.

Molecular Cloning and Expression of a Zinc Finger Protein in Apple

CAO Qiu-Fen, MENG Yu-Ping

Agri-Biotechnology Research Center of Shanxi Province, 64 Rd. N. Nongke, Taiyuan 030031

A cDNA library was created from stem apex tissue from Jonathan apples (Malus pumila MILL.) harvested in the June~August period, during which the plant transitions from vegetative growth to reproductive growth. From this library, we isolated an EST sequence containing a zinc finger motif; using this sequence, an 800bp cDNA fragment was obtained using 5’RACE, and a final full-length cDNA encoding a malic zinc finger protein (named AZF1; GenBank # XXXX) was obtained by further PCR. Northern blot and RT-PCR analysis showed that AZF1 was expressed in the root, stem, leaves, shoot apex and floral organs of the apple, with expression levels higher in root, stem, leaves and shoot apex than in sepals, petals, stamens and pistils.

Preferential Expression of a Beta-galactosidase Gene at the Elongation Stage of Cotton Fiber

Zhang Hengmu, Liu Jinyuan

Department of Biological Sciences and Biotechnology, Tsinghua University, Beijing 100084

Cotton fiber is not only the major raw material for textile industry, but also serve as an excellent system for studying mechanisms controlling cell differentiation and cell elongation. In the past ten years, the number of genes isolated from cotton fiber has risen dramatically and continues to rise, however, little is known about how these genes control and regulate the process of fiber development. So far, our study was concerned with the isolation and identification of functional genes that are predominantly expressed in the development of cotton fiber.

The cotton variety in this study was Gossypium hirsutum cv CRI 12 grown in a field. All methods in this study were performed according to standard techniques. By the fluorescent differential display-polymerase chain reaction technique, a fiber-specific cDNA fragment was isolated from the developing cotton fiber and showed high homology to beta-galactosidase were identified. As we know, beta-galactosidase, which has been implicated in a number of biological process, is wildly distributed in plant. The release of monomeric galactose from cell walls of ripening fruits has been described with apple，tomato，melon，avocado，kiwifruit and mango. Molecular approaches were also used to unravel the role of beta-galactosidases in fruit development and ripening. However, to the best of our knowledge, the endogenous beta-galactosidases of cotton are not well characterized as yet. To further analyze the function of the gene, we have cloned the full-length cDNA by the RACE-PCR from cotton fiber. When the host strain E. coli containing the recombinant GhGAL was grown in the medium containing the beta-galactosidase substrate X-gal and induced with IPTG, the cells slowly turned blue. It was confirmed that the cotton gene, designated GhGAL, encoded a beta-galactosidase and the gene product had beta-galactosidase activity in vitro. To estimate the copy number of GhGAL, southern blot analysis was performed using the GhGAL cDNA-coding region as a specific probe. Two or four bands were detected in the genomic DNA samples digested with different restriction enzymes respectively, indicating that the GhGAL gene is present in the cotton genome as low copies. Northern blot analysises were performed to investigate the expression pattern of GhGAL. The results showed that its transcripts was regulated spatially and temporally, i.e. preferentially expressed in cotton fiber and its transcripts were present in very high abundance at the elongation stage of cotton fiber. 

The presence of noncellulosic polysaccharides including pectin and arabinogalactan have been detected in the primary cell wall of cotton fiber and the galactoses have been found in hydrolysates of the primary cell wall preparation of cotton fiber. Beta-galactosidase catalyses the cleavage of beta-galactosidic linkages releasing galactose in other plant and is thought to be involved in pectin, arabinogalactan and galactolipid metabolism. During the development of cotton fiber, the elongation of cotton fiber is just overlapping with primary cell wall deposition, which suggested the GhGAL gene may be involved in metabolism of pectin or arabinogalactan in the primary cell wall and promote the elongation of cotton fiber by enhancing the extensibility of primary cell wall. But for the roles of GhGAL during the development of cotton fiber to be characterized fully, it will be necessary to establish the localization of the GhGAL gene product and identify its substrate specificity. This work is currently in progress. 

Protein 2D Methodological Analysis in Rice Leaves Under Iron Deficiency  

CHAI Xiao-Qing , WE Gong-Hong, CHANG Yian-Ping, JIN Fei, LIU Xiang-Lin, YIN Li-Ping 

Department of Biology, Capital Normal University, Beijing 100037, China 
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Rice seeding was grown in Fe-deficient and EDTA-Fe(II) hydropholic solution respectively for one day, three days and five days. Soluble proteins of rice leaves were extracted by either phenolic or TCA methods. Using Multiphor II for IEF then following two-dimensional gel electrophoresis (Power PAC 1000 and ProteinIIxi cell, 2-DE), several differential protome maps were gained. 

The quantity and quality of the proteins were distinguished with different extraction methods. The proteins by phenolic method were more resolvable and purer in comparison with TCA technique. The latter was easy to operate and seemed very useful for separating basic proteins. A large amount of proteins moved toward the basic charged electrode end of the gel. However, the proteins extracted by TCA can’t resolve thoroughly. Maybe there were some ions in the protein solution. Those ions were negatively effective to isoelectric focusing (IEF). 

Differentially separative effect of protein were obtained by using different pH gradient IPG gel strip. It’s very convenient to observe the distribution of proteins on the linear gels. Non-linear gels can separate neutral proteins very well. Wide pH gradient was advantageous to total protein fractioning. Narrow pH gradient gel can separate target proteins better and beneficial to protein excision and identification.

The protein expression profiles of rice seedlings were different under different Fe-nutrition conditions. But the repeated results was got from the same sample. The soluble proteins of rice shoots within 1d,3d,5d can be driven nearly 600 proteins on the gels with a pH 3-10 gradient and over a thousand different proteins on the gels by with a pH 4-7 gradient. Proteins were visualized with colloidal Coomassie blue and analyzed by Z3 image software. There were 29 up-regulated proteins, 28  down-regulated proteins, 24 special for iron-deficient in one day protein map. Over 27 proteins were up-regulated, about 32 spots were down-regulated，and 28 proteins were differentially expressed, compared with the control for 3d of EDTA-Fe(II) seedlings. In 5 days 2D protein profile, there were 27 proteins up, 29 down, and 28 special for –Fe. 

Rice Insect-specifically-induced Promoter Cloning 

Hongxia Hua, Yongjun Lin, Zhaohui Chu, Guoan Zhang, Xianghua Li, Shiping Wang and Qifa Zhang

National Key Laboratory of Crop Genetic Improvement, Huazhong Agriculture University, Wuhan 430070, China

The objective of this study was to isolate the promoter of rice gene specifically induced by feeding of the rice stripe stem-borer (Chilo suppressalis). Using the total RNA of rice stems with and without biting by stripe stem borer as the tester and driver respectively, two subtractive cDNA libraries of rice were constructed. A total of 760 clones from the two libraries were sequenced, and 274 ESTs of unique sequences were obtained. These ESTs together with other 110 ESTs including positive and negative controls from normalized cDNA library were arrayed on a nylon membrane. Total RNA of rice stem harvested at 6 hours after stem-borer attack and control was reverse-transcribed, labeled with 32P as the probes, and hybridized with the membranes. The experiment was repeated twice, which identified 9 up-regulated and 1 down-regulated clones. Eight of these clones were confirmed to be differentially expressed genes by Northern blot analysis. Two of these 8 clones appeared to be specifically induced by the insect attack. One of the insect-specifically clone was selected for further study. Using the cDNA clone as the probe, a positive BAC clone was obtained from Minghui 63 genomic library. By means of BLAST analysis and gene prediction software, primers were designed to amplify the promoter sequence of the candidate cDNA from the positive BAC clone. The promoter sequence was cloned into pCAMBIA1381  vector, with GUS gene as a reporter, whose expression pattern would reflect the specificity of the promoter. Transformation of the construct into rice is in progress.

RNAi Construct Targeting Fae1 Gene for Low Erucic Acid Content in Rapeseed

Changming Lu, Lin Xiao

Oilcrops research institute, China’s academy of agricultural sciences, Wuhan
Erucic acid is an anti-nutritional component in rapeseed oil. Rapeseed varieties with low erucic acid has been achieved by conventional breeding method, but the erucic acid content is always elevated due to the contamination of pollens from high erucic acid varieties and from other Brassica species. This experiment aims at reducing erucic acid content by introducing RNAi construct targeting fae1 gene in B. napus. Fae1 gene sequence of 1007bps in length was cloned from 12 Brassica varieties by PCR method with the primers gag agc tcc tag gca cgg aac aag caa ttt gaa and gta cta gtg gcg cgc cac gtt cga gtc tag gcg atg , which were designed according to the sequence from gene data bank. Sequences of fae1 gene from the 12 varieties showed high homology and also polymorphism especially between A genome and C genome in fae1 sites either in DNA or in amino acid level. A fae1 sequence of 428 bps in length was selected as being conserved for all12 varieties and integrated into RNAi vector pMCG 161 in a form of inversed repeats. The RNAi construct was identified by cleavage with restriction enzymes Asc, SpeI and Sac and introduced into Agrobacterium tumefaciens LBA4404 for further transform studies.

The Cloning and Functional Analysis of MZdwf1 Gene

Tao Yazhong, Xu Zuomi,Wang Guoying*
State Key Lab of Agrobiotechnology, China Agricultural University, Beijing 100094

*Corresponding author: E-mail: gywang@cau.edu.cn

Plant height is one of the most important characters for breeding. The first green revolution resulted in substantial increase of cereal production in the world by large scale application of dwarf varieties of rice and wheat. These dwarf varieties were derived from mutants which have been certified not producing or failing to respond to GA. Recently, molecular genetic approaches have also revealed that plant dwarfism is often caused by defects in the biosynthesis or perception of plant hormones such as GA or BRs. 

Molecular genetics and physiological studies on brassinosteroids(BR)-related mutants of dicot plants have revealed that BRs play important roles in normal plant growth and development. However, little is known about the functions of BRs in monocots (grasses), except for the phenotypic analysis of two rice mutants: one is partially insensitive to BR signaling (osbri1), the other is defect in the biosynthesis of BR (brd1). In this work, we reported the cloning of the homolog of dwf1/dim (MZdwf1) by RACE (rapid amplification of cDNA ends) and its functional analysis by RNAi (RNA interference). This is the first maize gene involved in the BRs biosynthesis. 

The transgenic plants showed a range of abnormalities in organ growth and development, either in the greenhouse or in the field, the most striking of which were defects in the elongation of the stem and the development of the leaves. To our surprise, the transgenic plants grew quicker than normal maize in the first month since the germination. But they have much difficulty in the first several up-ground internodes growth. However, with the further development, partially till the tasseling period, the upmost internodes growth become normal. We do know that the transition of the shoot apical meristem (SAM) from the vegetative to the reproductive stage induces internode elongation. This synchronicity between the phase change of the SAM and development of the intercalary meristem can help us understand the mechanism of internode elongation of maize. And at the normal growth condition, the transgenic plants have very short sheaths, short, curled, rolling, thick and dark green leaf blades. These results showed that BRs play important roles in the leaf development.

Elementary observation on internal structure by light microscopy and electron scanning microscopy further explained the abnormal morphology of the transgenic plants.

The Pipeline From Sequencers to Databases

TANG Ji-feng, JIA JiZeng

Institute of Crop GermplasmResources, Key Laboratory of Crop Germplasm & Biotechnology, 

Chinese Academy of Agricultural Sciences, 100081
High throughput sequencers produce a large number of sequences everyday. How to deal with the tremendous data automatically is becoming a focus. We designed the pipeline from sequencers to databases, which included three parts: transmitting system, data processing system and information service system. 

Sequences could be sent to server anytime using the transmitting system. The system is convenient for common users to use because it is operated on IE. Considering safety, user must be identified by username and password.

Data processing system is the core part of the pipeline composing of files-find, Quality-control, Redundancies-remove and Inserting database. For files-find, new sequence files were checked automatically and then combined these sequence files to one file. For Quality-control of sequences, low quality sequences with percentage of N in the whole sequence more than 5% were first excluded through using RemoveN, then RmpolyAandT was used to remove polyT and polyA stretches. Further more, cross_match was used to detect remaining vector artifacts according to vector sequences file (ftp://ftp.ncbi.nih.gov/blast/db/vector.Z); Finally RepeatMasker was used to mask repetitive sequences of plant sequences form RepBase7.5 (http://www.girinst.org). For Redundancies-remove, blasting program was used to remove the redundant sequences whose similarity more than 80 percent (it could be changed). Until the last step, the new sequences would be inserted into different databases no redundant database (nr) and redundant database (nt). After all the procedures of data processing system were completed, the new high-quality sequences could be saved as file for other appliance, such as assembling.

Information can be obtained through information service system. Sequence query can be conducted based on nr database and nt database. Other databases will be added to the system, such as the database of more than 42,000 ESTs of wheat and the database of more than 3,700 wheat contigs. In addition, we designed the interface for special user–administer, through which sequences could be inserted, deleted or amended. Visiting our server or our website the user can use the information service system in our LAN.

The Suppressor of Prosystemin-Mediated Response2 (Spr2) Gene Encodes a Fatty Acid Desaturase Required for Systemic-Induced Resistance of Tomato to Insects 

Chuanyou Li1 and Gregg Howe2
1Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, Beijing 100101, China; 2Department of Energy-Plant Research Laboratory, Michigan State University, East Lansing, MI 48824, USA

In tomato plants, systemic induction of defense genes in response to herbivory or mechanical wounding is regulated by an 18-amino-acid peptide signal called systemin. Transgenic plants that overexpress prosystemin, the systemin precursor, from a 35S::prosystemin transgene exhibit constitutive expression of wound-inducible defense genes and enhanced resistance to a broad spectrum of herbivores. To identify components in the systemin signaling pathway, we isolated several “spr” mutants in a genetic screen for suppressors of 35S:prosystemin-mediated responses. Here, we report the characterization of spr2, a JA deficient mutant that is defective in the production of the systemic wound signal and, as a consequence, is more susceptible to herbivore attack. Using a map-based cloning approach, we demonstrated that Spr2 encodes a chloroplast ω-3 fatty acid desaturase that is required for the production of linolenic acid, the metabolic precursor of the hormone jasmonic acid (JA). Consistent with this, loss of Spr2 function resulted in increased levels of dienoic fatty acids and corresponding reduced levels of trienoic fatty acids. Changes in fatty acid composition were associated mainly with chloroplast lipids. These results indicate that activation of defense responses by systemin is strictly dependent on JA, whose synthesis from linolenic acid is initiated in the chloroplast. Our results also demonstrate that plastid-drived trienoic fatty acids are essential for the production of the long-distance wound signal for activation of defense genes. 

Toward Isolation and Characterization of Transcription Factors in Rice Genome

Hong-hong Hu, Da-cheng Liang, Ya Zeng, Zhi-liang Zhang, Jian-wei Zhang, Qifa Zhang and Lizhong Xiong

National Key Laboratory of Crop Genetic Improvement Huazhong Agricultural University, Wuhan, 430070, China

Transcription factors are playing vital roles on transcriptional regulations that participate in multiple cellular activities. Increasing number of putative transcription factors have been recently isolated from various plant species, however, most of them were poorly characterized, not even to mention the majority of plant transcription factors yet to be isolated. With a final goal of revealing the complete functional scenario of rice transcription factors, we presented our progress in isolation and identification of rice transcription factors. About 800 non-redundant cDNA sequences encoding putative transcription factors, accounting more than half of predicted transcription factors in rice, were isolated from an indica cDNA library. These transcription factors comprise of all categories described in plants including the subfamily of zinc finger, AP2/EREBP, MYB, MADS, NAC, etc. Sequence-based in silico mapping of the cDNAs to BAC clones (detail results available at: http://www.ricefgchina.org/tf) suggest that rice transcription factors are evenly distributed on the rice chromosomes and most of them agree with the cognate predicted transcription factors. The expression of transcription factors under various stress conditions were investigated from the cDNA microarray (containing 10,000 unique rice ESTs and including most of these transcription factors) expression profiles. A Gateway-based high throughput construction was initiated to generate both overexpressed and suppressed rice transgenic lines of transcription factors. The detail results and strategies for isolation of remaining rice transcription factors will be presented and discussed.

Toward positional cloning of lhd, a mutant gene blocking the differentiation of rachis branches in rice (Oryza sativa L.)

Duan Yuanlin1 , Wu Weiren1,2 , Li Weiming1, Zhou Yuanchang1, Xue Yongbiao3
1College of Crop Science, Fujian Agriculture & Forestry University, Fuzhou, 350002; 2College of Agriculture & Biotechnology, Zhejiang University, Hangzhou, 310029; 3Institute of Genetics & Developmental Biology, Chinese Academy of Science, Beijing, 100080

The initiation of flowering is controlled by both endogenous and environmental signals. With the induction of appropriate environmental conditions, the vegetative meristem in the shoot apex is transformed into the reproductive meristem. This is a critical transition point in the ontogeny of plant, which is marked by a number of changes in the shoot apex at molecular, physiological and morphological levels. Once the transition is initiated, the formation of inflorescence structure will begin. In rice, flower development can be divided into three distinct stages, namely, rachis branch differentiation, spikelet differentiation and floral organ differentiation, among which the rachis branch differentiation is a key stage deciding whether the plant can enter and complete the process of reproductive development.

A rice mutant called leafy head (lhd), in which the differentiation of rachis branches is blocked, was identified in a doubled haploid (DH) population derived by F1 anther culture from a cross between an indica rice cultivar Gui-630 and a japonica rice cultivar Taiwanjing. The mutant is shorter in plant height, possessing smaller and clumpy leaves, and always stays at the vegetative growth stage. Genetic analysis suggests that the mutant lhd is controlled by a recessive gene, which is temporarily named lhd(t). The mutant phenotype suggests that the wild-type allele LHD(t) is a key gene controlling the differentiation of rachis branches. 

In order to map the gene, an F2 population was constructed by crossing the lhd heterozygote to an rice variety ACC8558. With the published SSR markers of RM series and additional SSR markers developed by ourselves and using the methods of bulked segregant analysis (BSA) and mutant analysis (with 1053 mutant plants from the F2 population in total), LHD(t) gene was mapped onto the distal region of the long arm of chromosome 10. The nearest flanking markers on both sides were 0.05 and 0.2 cM to LHD(t),  respectively. Unfortunately, it seems that LHD(t) is located in a gap of the published rice genomic sequence. So, screening of a TAC library is underway.

Towards Map-based Cloning of a Gene that Controls Rice Height and Tillering

Renxiao Wang1 , Qian Qian2 Peijin Li1 , Mu Zhang1,  Jiayang Li1
1Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, Beijing 100101, China; 2China National Rice Research Institute, Chinese Academy of Agricultural Sciences, Hangzhou 310006, Zhejiang, China

Plant height and tillering are important agronomic traits for cereal production. Although many dwarf and tiller mutants have been isolated and reported, their mechanisms remain to be fully elucidated. In rice, abnormal tillering often accompanies with altered plant height.   To understand this phenomenon, we isolated a rice mutant that is dwarf with increased number of tillers. Compared with the wild type, the mutant plants have white-green slender leaves and fine culms. Genetic analysis indicates that the mutant phenotypeis resulted from a single gene recessive mutation. To map and clone the gene, we constructed a mapping population by crossing the mutant with ZF802. Linkage analysis with approximately 6,000 F2 mutant plants placed the target gene in a range of 260 kb DNA region in Chromsome 11. The future work will be focused on the cloning and characterization of the gene and elucidation of the mechanism that coordinates the development of tillering and height in rice.

菠菜胆碱加单氧酶（CMO）基因克隆及对北美乔松胚性组织的转化和表达

申晓辉
上海交通大学农学与生命学院
甘氨酸甜菜碱是一种非毒性渗透调节物质，当细菌、植物和动物细胞遭受干旱、盐碱等逆境胁迫时，可在体内积累甜菜碱以稳定蛋白质四级结构和膜质的高度有序性，避免胁迫因子引起的破坏作用。参与甜菜碱生物合成的基因已被分离、鉴定出来，但木本植物通常缺乏合成甜菜碱的这些基因和酶类（胆碱加单氧化酶CMO，甜菜碱醛脱氢酶BADH）。
针叶树种体细胞胚胎发生（SE）是八十年代以来微繁技术的一个突破，自1985年首次在针叶树种挪威云杉上成功诱导SE以来，先后有大约150个木本植物及其相应的杂交种SE报道，目前国外已将这种组培方法广泛地应用于无性植株生产和基因转化的研究。
本项目以盐处理菠菜叶片为实验材料提取总RNA，根据已报道的CMO和BADH基因序列设计特异引物，利用RT-PCR技术扩增分别得到全长1.3kbCMOcDNA 和1.5kbBADHcDNA，与已经报道的基因序列进行比较，同源性为99%；经IPTG诱导的大肠杆菌BL21（DE3）可大量表达45KD、55KD 目的蛋白。
利用限制性内切酶XbaI/SmaI将来源于pUC18 (2686bp) 质粒载体含有全长（1.3kb）CMO cDNA 片段分离，并插入到中间质粒pBI 121(13kb)具有抗卡那霉素 (NPTII)基因中。由 35S启动子、菠菜胆碱加单氧酶 (CMO) cDNA、NptII 抗性选择基因和GUS标记基因组成的一个嵌合基因用于转化针叶树种北美乔松胚性细胞组织。含pBI35S.CMO.Nos(14.4kb)双元质粒载体的农杆菌A. tumefaciensC58/pMP90与北美乔松胚性细胞组织共培养，并在含有25mg/L卡那霉素的选择培养基上进行筛选后，获得了北美乔松2个无性系转化再生小植株。
 对已经转化的成熟胚胎进行GUS 基因组织化学分析和PCR分子检测，确定外源基因CMO在受体细胞染色体基因组的表达和整合情况。3个转化细胞系中，2个北美乔松转化细胞系（01WP25-1、01WP4-1）检测到1个T-DNA拷贝。
采用蛋白质组学技术解析植物功能基因

刘进元, 崔素霞, 马  晓, 黄  芳
清华大学生物科学与技术系 蛋白质科学教育部重点实验室 北京 100084

随着众多动植物及微生物基因组计划的完成，积累了大量的DNA序列信息，并构筑起生物体的DNA分子框架图。与此同时也暴露出基因组研究计划的局限性，比如高等真核生物基因组中开放阅读框架还很难全部确定、存在大量的与任何已知蛋白质缺乏同源性的开放阅读框、其已确定阅读框架的基因是否表达等等问题，离全面认识生命体的全部功能基因的目标还相距甚远。为了弥补基因组计划这一客观上的局限性，近年来相继开发出了一系列大规模基因表达检测技术，例如微阵列法 (Microarray)、 DNA芯片法 (DNA chips) 及SAGE (serial analysis of gene expression) 等。这些方法虽然能够定性、定量且大规模地检测基因的表达产物（mRNA）， 但由于mRNA在贮存、转运、降解等方面的自身特点，其翻译过程还受到精细调控以及产物的翻译后加工，难以准确地反映基因最终产物蛋白质的质和量。蛋白质是生命活动的主要执行者，有必要直接对细胞全部蛋白质进行大规模测定和功能鉴定，其结果将贡献于对功能基因的深入认识。自从以固相二维电泳和生物质谱为核心技术的蛋白质组学诞生以来，蛋白质组学研究技术得到了不断的发展和完善，并应用这些技术在细菌、酵母、动物、人类以及某些模式植物的全基因组功能基因解析方面取得了喜人的进展。
水稻基因组测序的完成及蛋白质组学技术的不断完善为水稻胁迫应答机理研究提供了丰富的信息和先进的技术平台，而大量未知胁迫应答蛋白的发现和鉴定是揭示植物胁迫应答机理的关键所在。本实验室采用蛋白质组学研究技术，对经各种不同胁迫（盐、干旱、极端温度和重金属）处理后水稻根、叶组织，分别提取可溶相及难溶相蛋白组分进行二维电泳分析，绘制水稻胁迫蛋白组谱图，进而用生物质谱鉴定差异显示蛋白，并以此为基础绘出水稻胁迫应答蛋白网络图，弄清水稻胁迫应答蛋白间的相互关系，诠释水稻胁迫应答机理。目前已完成用低温对水稻幼苗处理样品的差异蛋白分析，找出100多个差异蛋白斑点，对这些斑点的质谱鉴定正在进行，最新进展将在会上报告。
Review and Prospect the Progress of Plant Breeding from Genetics and Genomices

Qin Tai-chen, Deng De-xiang, Bian-Yun-long

Laboratory of Biotechnology, Yangzhou University; Hetorosis Research Lab. Of Agriculture College, Yangzhou University, Yangzhou 225009 China
After half a century, establilishment and development of Mendel genetics settle on basic theory and method of breeding. It gives priority to cross experiment in this phase and hunting inherited reason of variance from phenotype, is named Forarara Genetics. Since the DNA molecular structure came out in 1953, genetics have been entered molecular level, realized studying on structure and function of gene gradually to know phenotype from genotype, this molecular experiment phase is named Reverse Genetics. In the last century 80th, application of molecular marker and transgenic technique bring breeding to new field to lodge new idea and concept for method and theory. The success of human genome sequencing is one of pioneering work in human history which Paves the way to crop genome sequencing, therefore a set of highly resistant、high quality and low consumption genome variety will be published. But the viewpoint of Post-genome has been born, which is worth being regarded.

Differential Cytosine Methylation between Heterotic and Nonheterotic Wheat Hybrids and Their Parental Inbreds in Seedling Leaves

Zhongfu Ni, Zongfu Han, Peng Liu,Yao Yingyin, Qixin Sun*

Department of Plant Genetics & Breeding, China Agricultural University, Beijing

100094, China

* corresponding author, Email: qxsun62 @ public.bta.net.cn

Hybrid wheat has superior yield potential and adaptability as compared with its parental inbreds, but the molecular mechanism of heterosis remains largely unknown. Recent studies showed that molecular basis of phenotypic changes between wheat hybrid and its parents could reside in the variability of gene expression, but the causes of differential gene expression in hybrid F1 is still an area to be elucidated. DNA methylation is a common phenomenon in higher plants and proposed to play an important role for modulating DNA compartmentalization, determining chromatin structure, genomic imprinting, regulation of tissue-specific gene expression, aging and gene silencing etc. It is reported that methylation patterns were altered for the 4.1% of the sites analyzed in F1 hybrids between rice cultivars. In wheat, Shaked et al (2001) reported that alterations in cytosine methylation occurred in about 13% of the loci, either in the interspecific (intergeneric) F1 or in the allopolyploid. Therefore, it is interesting to investigate the differential cytosine methylation between wheat hybrids and their parental inbreds. 

In this study, the difference of DNA methylation in seedling leaves among heterotic hybrid A (3338×Jingdong 6) and noheterotic hybrid B (2410TD×Jingdong 6) and their parental inbreds was analyzed by using methylation-sensitvie amplification polymorphism (MSAP) method. The results showed that the degree of methylation was about 30%, either in hybrid or in parental inbred. Three major patterns were identified among the methylated fragments: 1) Bands were monomorphic (BMN), that is, they had the same pattern of methylation among parental inbreds and F1 hybrid; 2) bands showed differential cytosine methylation between the parents but no deviation from additivity in F1 (BPN); 3) bands showed differential cytosine methylation patterns between parents and hybrids (BFN). In contrast to nonheterotic hybrid B, heterotic hybrid A had a higher number of BPN methylation sites. In hybrid A, BPN were 15.6% (53 of 339 methylation sites), but the number in hybrid B is only 9.9% (33 of 332 methylation sites). On the contrary, for hybrid B, the number of BMN (82.5%) and BFN (7.5%) patterns was obviously higher than in hybrid A (77.6% and 5.9%), suggesting that patterns of cytosine methylation were quite different for the two hybrids with different heterosis levels. The relationship between DNA methylation and the alteration of gene expression in hybrid F1 was also discussed.

* Supported by Key Basic Research and development Plan of China (001CB1088) and the National Natural Science Foundation of China (30000109)

The Involvement of Suppressors of CKI1 (SUC) in Cytokinin Signaling of Arabidopsis
Binglian Zheng, Suzhi Zhang and Jianru Zuo

Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, 917 Datun Road, Beijing 100101, China 

Email: blzheng@genetics.ac.cn, jrzuo@genetics.ac.cn 

The plant phytohormone cytokinin plays a critical role in many aspects of plant growth and development, including the regulation of the apical dominance, root growth, vascular tissue development, flowering time and leaf senescence. Recent studies suggest that cytokinin signaling is presumably mediated by a two-component system analogous to those found in bacteria and fungi, which percepts an external signal via a phosphorelay from the plasma membrane-anchored receptors to downstream effectors and regulators. Gain-of-function mutations in the Arabidopsis Cytokinin Independent 1 (CKI1) gene lead to typical cytokinin response, suggesting that this presumably plasma membrane-anchored histidine kinase plays an important role in mediating the cytokinin response, although direct binding of cytokinins to CKI1 has not been detected.  Because cytokinins are also able to provoke other signaling pathways (most notably the ethylene pathway), the cki1 gain-of-function mutant phenotype provides a simple and unique approach to dissect the cytokinin pathway.  Taking this advantage, we carried out a genetic screen for suppressors of cki1 or suc mutants, which may represent key genetic loci in the cytokinin pathway.  In this screen, we were able to identify 6 suc mutants, derived from EMS- and T-DNA-mutagenized collections, respectively. Characterization of these mutants, which are underway, should be able to shed substantial light on the molecular mechanism of the cytokinin signaling

Marker Assisted Selection for Quality Protein Maize (QPM) 

Q. Z. Tian, X. H. Li, W. Jiang, M. S. Li, X. C. Xia, S. H. Zhang*

Institute of Crop Breeding and Cultivation, Chinese Academy of Agricultural Science (CAAS), No. 12 Zhongguancun South Street, Haidian District, 100081 Beijing, P R China

*Corresponding author: cshzhang@public.bta.net.cn

Introduction：Conventional maize is poor in quality protein, especially lysine and tryptophan. Quality protein maize (QPM) lines have been produced by the introgression of opaque-2 gene that regulates the expression of zein and the modifier genes for hard endosperm, so the content of lysine and tryptophan is greatly improved. Compared with conventional methods, marker assisted selection allows QPM individuals to be identified in an early breeding cycle prior to pollination, and the breeders can distinguish between homozygous recessive plants o2o2 and heterozygous plants O2o2.We have employed SSR markers in QPM breeding program to improve the QPM line with normal elite lines (NELs). 
Methods：In order to improve the agronomic characters of a QPM line, we made a cross of QPM×NEL and backcrossed the F1 offspring with the QPM line, and then selected the homozygous o2o2 plants with SSR markers. The template DNA was extracted from the young plants at the stage of 3-4 leaves. The BC1F1 backcross population (CA335×HZ4) ×CA335 was characterized with the SSR primers. Three SSR markers, phi057, phi112 and umc1066 were used for PCR amplification. The PCR reactions were performed in 96-well plate using a PTC-200 Thermal Controller (MJ Research, Inc.). The denatured amplicons were analyzed on 4.5% denaturing polyacrylamide gels in a model Bio-Rad electrophoresis gel apparatus. Thereafter, the gel was silver-stained as described by the manufacturer's instructions (Key Gene, version 2.1, 1994) with a little modification. The kernel lysine content of the self-pollinated plants was examined in Biochrom 20 amino acid composition analyzer.

Results：Good polymorphisms were present between the normal lines and QPM lines when using the SSR primers phi057 and phi112, while no polymorphism was detected in o2 locus with the primer umc1066. It was found that the primer phi057 was codominant, whereas the primer phi112 was dominant. So phi057 and phi112 were selected to discriminate the heterozygous genotypes O2o2 and homozygous genotypes o2o2. In the BC1F1 population (CA335×HZS) ×CA335, it was detected that 87 individuals were homozygous o2/o2, 104 were heterozygous o2/O2, and the ratio of two groups in the backcross population accorded with the proportion 1:1 by Chi-square test (X2=2.46﹤X20.05=3.84). All the individuals had been self-pollinated, and the kernel lysine content of the ears was examined. It was found that the lysine content of the seeds of 30 heterozygous O2/o2 plants varied from 0.27 to 0.44, whereas the lysine content of the seeds of 30 homozygous o2/o2 plants varied from 0.38 to 0.50. All the homozygous plants were marked for further agronomic selection：It was also observed that the specific band for o2 locus in phi057 was absent in some QPM accessions such as Qi205, which suggested the evaluation could be more accurate by using two primers at the same time. About 100 accessions of new developed QPM lines were evaluated with the two primers, and the result was in agreement with the expected lysine content. With the QPM lines CA335 and CML193 as donors, we are transferring o2 alleles and the associated modifier genes into the normal elite lines (NELs) in our program. 

Conclusions：It was proved that the lysine content of the lines selected by SSR marker contained higher lysine content, demonstrating that the SSR markers linked with o2 gene could be effectively used in the QPM breeding efforts. 

Wheat and Maize Transformation via Microprojectile Ombardment

XU Ziqin

Provincial Key Laboratory of Biotechnology, Northwest University, Xian, 710069

An effective transformation system of wheat was established based on kanamycin selection. Bombarded embryos were cultured for two weeks at 26℃ in dark and subsequently selected on MS1 medium supplemented with 150mg/L kanamycin sulfate for another two weeks. Embryonic calluses derived from scutellum tissue were transferred onto regenerative medium containing 150mg/L kanamycin sulfate and cultured under light. Plantlets over 6-8cm were transplanted in soil and sprayed with 2.5% kanamycin sulfate solution plus 0.2% Tween-20 when 3 new leaves produced. Within 4 weeks, the plants with functional nptⅡ gene were normal and no damage could be observed, whereas the negative plants were bleached completely. The average transformation frequency reached 2.6% when rice actin1 promoter was used to control nptⅡ gene. Up to now, 23 independent transgenic wheat plant lines was obtained and most of them have set seeds. Southern analyses revealed that nptⅡ gene was integrated into these plant lines with different copy number. Several fungus resistance genes were used as interest genes in the experiments.

The applicability of hyperosmotic treatment and different configurations of plasmid DNA for stable transformation of wheat was investigated with bar gene as selective marker and gus gene as report gene. Hyperosmotic treatment increased the frequency of transient expression and had also a positive effect on stable transformation. Denaturation of plasmid DNA prior to bombardment led to dramatic reduction of transient expression. However, there were no marked differences between single-stranded and double-stranded DNA in stable transformation. Single-stranded plasmid DNA, Double-stranded plasmid DNA in circular state could all be used to produce transgenic wheat plants. A total of 26 independent transgenic plants of winter wheat genotype Florida and 4 independent transgenic plants of spring wheat genotype Veery were obtained. 

Fertile transgenic maize plants were regenerated via particle bombardment based on phosphinothricin (PPT) selection. Relations between promoter and copy number of transgenes in transformants were analyzed. Maize transgenic plants possessing an intact copy and another incomplete copy of gus gene were obtained in case gus gene under the control of maize Ubi-1 promoter (pUbi:GUS). Simultaneously the co-transformed bar gene controlled by CaMV 35S promoter in another plasmid (p35S:BAR) existed with only one copy. When pDB1 and pUbi:in2 were cobombarded, the regenerated transgenic maize plant exhibited with only one copy of in2 gene too. It suggested that the copy number of transgenes in maize transformants was low if the transgenes controlled by maize Ubi-1 promoter. The possible reason might be that the foreign genes were integrated site-specifically via homologous recombination between Ubi-1 promoter and its endogenous sequences in maize genome, and two cotransformed plasmids had reconstructed as one intact molecule before integrating into maize chromosome. On the contrary, if p35S:BAR was cobombarded with plasmid pAct:In1 containing rice Act-1 promoter (without maize Ubi-1 promoter), the transgenic maize plants had 4~8 copies of bar gene. These results reflected that utilization of self gene promoter could reduce the copy number of the transgenes in transgenic plants of certain species itself and avoid the occurrence of gene silencing. T2 seeds have been harvested. Expression activity of gus gene under the control of Ubi-1 promoter was analyzed using histochemical method, and the results showed that gus gene expressed in most tissues except anther. Ubi-GUS expression in pollen, egg cell and T1 immature embryos revealed that this promoter was active in early stages of plant development. Histochemically stained pollen grains of T0 plants showed a 1:1 segregation of the gus gene, which suggested that the foreign gene was inherited in Mendelian model in these plants.
Cloning and sequence analysis of a GAI/RGA like Gene (GhGAI) from Cotton Fiber (Gossypium Hirsuturm L.) 
LUO Ming, XIAO Yue-hua, HOU Lei, LUO Xiao-ying , ZHANG Zheng-sheng , Li De-mou, PEI Yan①
Biotechnology Research Center, Southwest Agricultural University，Chongqing  400716，China
Gibberellin acids (GAs) are a large family of diterpenoid compounds. Some of these are important plant hormones controlling diverse growth and developmental processes, including seed germination, stem elongation, and flower development. The GAs biosynthetic pathway has been well characterized by using biochemical techniques as well as genetical approaches, such as mutants defective in biosynthesis. However, how plants perceive GAs and how the signal is transduced to control GA-regulated gene expression during plant growth and development are largely unknown. Recent molecular and pharmacological studies in GA signal transduction showed that Gibberellins insensitive gene (GAI), which is a nuclear member of the GRAS family of plant transcription factors, play an important role in GAs signaling.  

The fibers of cotton (Gossypium hirsutum) are single-cell trichomes that result from elongation of epidermal cells of the ovule and undergo rapid and synchronous elongation. There are only a few cells in the plant kingdom that are as exaggerated in their size and composition as cotton fiber. Because the elongation occurs at a fast rate over a relatively long period, uninterrupted by cell division, the fibers of cotton are a good experimental system for studying cell elongation. One of the Gibberellins physiological roles is promoting cell elongation. Recent studies on the cotton fiber development at physiology and molecular biology show that GAs play a significant role during the fiber development. 

To understand how GA biosynthesis processes is regulated and how the signal is transduced during the cotton fiber development, we have screened the EST database of cotton fiber using GAI/RGA gene, which is a negative regulator of the GA signal transduction pathway. Based on a contig sequence that results from many EST fragments, we amplified a 1082-bp fragment. A fiber cDNA library of cotton (Gossypium hirsutum) cultivar, XuZhou 142, was screened using the amplified fragment as probe. We obtained a gene (GhGAI) (AY208992), which contains 2041 base pairs and a single, long open reading frame of 1613bp that encodes a 538-amino acid protein. BLAST analysis demonstrated that the deduced polypeptide was homologous to Arabidopsis GAI/RGA gene (BAC42642, CAA75492) with the sequence identity of 62.5% and the similarity of 78%, and to Zea Mays DWARF8 with the identity of 53% and the similarity of 64% respectively. Phylogenetic analysis shows that GhGAI is very closely related to Arabidopsis GAI/RGA. 

Furthermore, same as GAI/RGA, there are several important regions in the predicted GhGAI protein sequence. It contains homopolymeric regions of serine and threonine at the N terminus, which is a putative nuclear localization signal; and leucine heptad repeats and an LHKLL motif, which is identical to the consensus sequence LXXLL that was recently demonstrated to mediate the binding of steroid receptor co-activator complexes to nuclear receptors. It has also a putative bipartite nuclear localization signal (NLS) motif. The sequence RKVATYFAELARRIYR fits well with the consensus of bipartite NLSs. The results of alignment analysis show that they all contain the central VHIID conserved region. By comparing GhGAI Amino acid sequence with the rest of the VHIID family members in the database, it was indicated that GhGAI same as GAI has two additional conserved motifs besides the VHIID domain, one located at the C-terminus named RVER domain, another located at N-terminus named the acidic DELLA domain, which motif is essential for gibberellin-induced degradation of RGA. The role of GhGAI in cotton fiber development is in investigation by using gain-of and loss off function analysis.
葡萄不定芽再生体系的建立
尹淑萍，金万梅，袁维风
北京市农林科学院林业果树研究所，北京 100093
葡萄是世界四大水果之一，可鲜食、酿酒和加工成多种食品。2001年，我国葡萄产量已居世界第五位。加入WTO以后，给我国果树生产这一劳动密集型产业带来了新的机遇，生产上迫切需要优质、抗逆的新品种，以满足国内和国际市场的需要。转基因技术的发展给葡萄育种开辟了一条新途径，而再生体系的建立则是转基因技术能否应用的关键一环。
于生长季节选取葡萄栽培品种（包括鲜食和酿酒）的带芽茎段，经常规消毒后接种于初代培养基MS上，生长一个月后将芽接种在继代培养基1/2MS+IBA0.2 mg/L中，扩大繁殖无菌试管苗，用于离体再生的研究。剪取无菌试管苗的叶盘、叶柄和茎段作为外植体，以MS为基本培养基，分别附加BA 0，1，2，4，5，10mg/L以及2,4-D或NAA，诱导愈伤组织的形成和不定芽再生。外植体接种后，先置于黑暗条件下培养10d，然后进行14 h的光照培养，光照强度2000-3000 lx，温度(25(2)℃。
葡萄带芽茎段在无激素的初代培养基上，芽容易生长，生成的节间和叶片适中。不同基因型的葡萄在继代培养过程中表现出差异，10个基因型中，“黑比诺”的增殖速度最快，繁殖系数最高。将这一基因型的叶盘、叶柄和茎段进行离体培养，诱导不定芽的发生。在单独附加BA 1，2或4 mg/L时，叶盘在接种4d 后，就开始有愈伤组织的产生，而叶柄和茎段则在接种10-15天以后，开始有愈伤组织的产生。愈伤组织黄绿色，呈疏松状。继续培养，愈伤组织逐渐褐化，死亡，无不定芽发生。附加BA 2 mg/L+2,4-D 0.1 mg/L时，愈伤组织绿色，呈紧凑致密状，继续培养，也未能诱导产生不定芽。
在附加BA 5或10 mg/L的培养基上，茎段外植体接种两周后膨大，切口处稍有褐化现象。随后开始有不定芽的再生，并未经过愈伤组织的阶段。继续培养，不定芽能够正常生长和发育。在两种BA水平（5，10 mg/L）的培养基上分别得到了50%和13%的不定芽再生率。
进一步研究2,4-D和NAA对不定芽再生的影响时发现，2,4-D 的效果要优于NAA。比较BA 5+ 2,4-D 0.1mg/L 和BA 5+ NAA 0.1mg/L 两种培养基，分别得到了22%和8%的再生频率。附加2,4-D后，芽的再生经历了愈伤组织阶段。而附加NAA后，同样没有愈伤组织的发生，由切口边缘直接再生了不定芽。
研究结果表明：葡萄经器官发生途径的再生系统，可以不经过愈伤组织阶段而直接再生不定芽；高水平的BA是对不定芽的发生是有利的；2,4-D虽然有利于愈伤组织的形成，但对不定芽的再生不是必需的。
基因型通常是影响植物离体再生的重要因素，在供试10个品种中，“黑比诺”的增殖和再生都表现出明显优势。外植体是影响植物离体高频再生体系的主要因素之一，对“黑比诺”而言，茎段的不定芽再生频率比叶盘和叶柄高，可能是不同外植体类型含内源激素的比例不同所至。植物生长调节物质对于植物离体再生起着关键作用。对不同的植物而言，寻求合适的激素组成和配比对提高离体再生频率尤为重要。
Genetic diversity and multilocus organization of the lines used in an Rice Molecular Breeding Program

Yu SiBin 1, Xu Weijun2, Fu Binying2,4, Luo Lijun 3, Zhang Qifa 1 and Li Zikang 2,4
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An international rice breeding program has been initiated with the main objectives to drive massive gene flow by molecular assisted backcrossing from a diverse gene pool into several elite rice cultivars, and to develop superior varieties well-adapted to target environments with greatly improved traits of importance. The information regarding the genetic diversity and multilocus organization of the breeding materials is indispensable for successful accomplishment of the objectives. We report here molecular characterization of the materials using a well-distributed set of (simple sequence repeat) SSR markers at both single-locus and two-locus levels. One hundred and ninety-three varieties obtained from 26 countries worldwide for the international rice molecular breeding program were assessed using 101 SSRs that well distribute on rice genome. Overall genetic diversity of 0.68 and an average of 6.3 alleles per locus were revealed, indicating a high level of genetic variation in these lines. Cluster analysis of the 193 accessions showed three major groups and nine subgroups. Group I corresponded to the classical indica subspecies, whereas groups II and III belong to the japonica subspecies. Indica and japonica differentiation accounted for only 6.5% of the total variation in the entire sample and 93.5% was due to within subspecies diversity. Differentiation among eco-geographic regions accounted for 24% of the diversity within the subspecies. Larger amounts of the eco-geographical differentiation were resolved within japonica than within indica. The largest indica-japonica differentiation based on the single locus level was detected by markers from chromosomes 9 and 12, while the smallest differentiation was detected by markers from chromosomes 4 and 8. Furthermore, genetic differences at the single-locus and two-locus levels, as well as components due to allelic and gametic differentiation, were revealed between indica and japonica and among the main geographic regions. The multilocus analysis in genetic diversity showed a higher proportion of variation caused by predominant non-random associations of different loci within and among the classified subspecies and geographic subdivisions. The results suggest that selection for eco-geographical adaptation on multilocus associations was largely responsible for the maintenance of the extensive variation in the primary gene pool of rice.

Construction and Characterization of a Transformation Competent Artificial Chromosome (TAC) Library of Peach
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As a genome model of fruit trees, peach (prunus persica(L.) Batch) has advantages for structural and functional genomics. ‘Jiubao’ is a traditional variety of peach and important parent in Chinese peach breeding, it displays many economically valuable agronomic traits. In order to develop an efficient platform for gene cloning and functional complementation of target genes in peach, a large-insert genomic DNA library of peach ‘Jiubao’, was constructed in transformation-competent artificial chromosome (TAC) vector, pYLTAC7, which can accept and maintain large genomic DNA fragments stably in both Escherichia coli and Agrobacterium tumefaciens. The TAC library contains 41472 recombinant clones and was stored as frozen cultures in 108 384-well plates, another copy of the library stored in 36 96-well plates as bulked pools, each well containing 12 individual clones. The average insert sizes of the library are approximately 42kb, coverage 6 haploid peach genome equivalents. The lack of hybridization to chloroplast and mitochondrial genes indicated that the TAC library had no significant cytoplast organelles DNA contamination. The TAC clones were stable in E. coli cell after 100 generation and stable both in E. coli and A. tumefaciens. The TAC clones containing DNA fragment of interest can be screened in the library by the pooled PCR technique, the library should be well suited for gene cloning and genetic engineering in peach. 

This work was supported by National Science Foundation project of China (30270921)
Comparative Analysis of Genetic Similarity Revealed by EST-SSR, Genomic-SSR and Pedigree in Wheat (Triticum asetivum L.)

Peng Liu, Zongfu Han, Zhongfu Ni, Wangqing Liu, Qixin Sun*
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The comparison of different methods of estimating genetic diversity could define their usefulness in plant breeding and genetic improvement programs. The objectives of this study were to: 1) compare the usefulness of EST-SSR marker for estimating genetic relationship. 2) Determine whether pedigree, EST (expressed sequence tagged)-SSR and genomic-SSR give similar evaluation of genetic diversity. Eleven winter bread wheat with known pedigrees were chosen for study. Pedigree data showed that 6 accessions was very closely related, especially 3 of which were selected from a same cross combination. At the locus level, an average of 3.08 alleles per genomic-SSR locus was detected, which was higher than that of EST-SSR (2.24), which indicating genomic-SSR was more polymorphic than EST-SSR. The average coefficient of parentage (COP) was low (0.09) in comparison to similarity calculated using genomic-SSR markers (0.4950 with a range of 0.29-0.89) and EST-SSR markers (0.6336 with a range of 0.46-0.87). The matrices of genetic similarity (GS) based on EST-SSR markers was moderate positively correlated with COP (r = 0.41) and GS estimated from genomic-SSR (r = 0.59) respectively, but the correlation between COP and genomic-SSR data was poor (r= 0.16). Therefore, although polymorphism of EST-SSR was low as compared to genomic-SSR, it provides a more accurate evaluation of genetic relationship, especially when accessions are very closely related in pedigree. 

* Supported by Supported by National High-tech Research Programs (2001AA241042 and 2001AA241043) and key programs of Beijing Natural Sciences Foundation (Grant No. 5991001)
Cloning and Mapping of cDNA from Cotton (Gossypium hirsutum L.) Induced by Toxin of Cotton Verticillium Wilt 
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Cotton Verticillium wilt, a vascular disease of cotton caused by fungal soil-borned pathogen Verticillium dahliae, is a kind of worldwide spread diseases that is the most difficult to be controlled in cotton production. It is strongly considered that Developing resistant and tolerant cultivar is the most economic and effective ways to resolve this problem. Therefore, recently research has been focused on deeply understanding of the molecular mechanism about interactions between V. dahliae and the host, and also it does become the research hotpoint to clone the responsing genes which expressed during the affection stage. 
The objectives of this research were attempted to obtain the resistant-related candidate genes from upland cotton to offer new gene sources for transgenic breeding by identifying the response cDNA induced by the toxin of V. dahliae. Total RNA was isolated from the seedling roots of upland cotton (G. hirsutum L.var. zhongmiansuo12) induced by toxin of the pathogen V. dahliae stain V991 after 24 hours. Double strand cDNA was synthesized followed the protocols of the SmartTM cDNA Systhesis Kit (CLONTECH Co.). 180 clones were acquired by the method of Supression Subtractive Hybridization, and 15 cDNA clones were identified positively using Reverse Northern Blot, which was named as Response Gene induced by toxin of Verticillium dahliae, for short as Vdrg. Sequences of Vdrg were analyzed online in the NCBI Website and molecular mapping were also carried out by using two populations derived from G. hirsutum and G. barbadense hybrid combination of Pima S6×Acala Maxxa and Pima S6 X Tamcot GCNH. The results showed as follows: 
Vdrg1 has 501bp contained NBS-LRR conservative motifs, it seems like the NBS-LRR type resistance protein gene and locates on acme of Linkage Group D02. Vdrg2 (1048bp) is Serine/threonine phosphatases like protein gene, it locates on Chr. 18(D) and L.G..A01, 166.0 cM and 141.8cM apart from acme, respectively. Vdrg3 (409 bp) is likely to Zn-depdent hydrolyzase gene, locates on L.G..D04, 69.4cM apart from acme. Vdrg4 (1538 bp) is PTS_HPR_SER Serine/threonine phosphatases like gene and locates on Chr.23(D), 38.1cM apart from acme. Vdrg5 (856bp) and Vdrg11 (757bp) are phosphofructokinase like genes. Vdrg5 locates on L.G.D02, 165.4cM apart from acme. Vdrg 11 was hybridized badly. Vdrg6(599bp)、Vdrg7 (986) and Vdrg15 (231bp) are protein kinases like genes. Vdrg6 locates on L.G.A06 and Chr.14(D), 77.7cM and 102.1cM apart from acme, respectively. Vdrg7 (986bp) and Vdrg15 show badly hybridization. Vdrg8 (409 bp) and Vdrg9 (409 bp) are chytochrome oxidize and deoxidize enzyme like genes, locate on L.G.D07, 43.4cM apart from acme. Vdrg10 (632 bp) is glycosylationate protein like gene and locates on the L.G.A01 and L.G.A02, 56.9cM and 46.7cM apart from acme with same site of marker pVNC244E3C, respectively. Vdrg12 (708bp) and Vdrg13 (707) are hydroyase like genes and locate on the Chr.18(D), 95.0cM apart from acme. Vdrg14 (606 bp) is predicted as cytochrome C like protein gene and located on the Chr.04(A), 37.1cM apart from acme.
Application of In Situ Hybridization in the Studies on the Origin of Chinese Chrysanthemum
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The origin of Chinese cultivated chrysanthemum has been discussed for many years. Research work applied by Flourecent in situ Hybridization among Dendranthema genus is reported in this paper. Hybridized by the probes of 18-26s rDNA of Arabidopsis and genomic DNA of Dendranthema spp, chromosomes of this genus shown significant signals. The results revealed that there was no positive correlation between the number of NOR loci and the polyploid of Dendranthema. The exact cytogenetical information of NORs from 14 OTUs including the number, location and shape of signals, indicated that D. vestitum was closer to the cultivars than other putative species and D. zawadskii was the most distinct one. In addition, the polymorphism and heterozygosity of NORs confirmed that the allopolyploidization and the structural variations of chromosomes played important part in the genesis of Chinese chrysanthemum. The ambiguous distributed signals of GISH from genomic DNA of lower ploidy species as probe suggested that the mixing of different genomes in Dendranthema genus, which contradicted the previous proposition that the spatial distribution of parental genomes in hybrid would not mingle together. It is indicated that allopolyploidization of Dendranthema genus is important in the genesis of cultivated chrysanthemum. 
Based on the above results and previous researches, the authors proposed that the genesis of Chinese cultivated chrysanthemum was built on the base of the high reticulate evolution of Dendrantherna genus. Inter specific hybridization was the key process in the origin, while the alloploidization and the structural variations of chromosomes also played important role. The foremost putative ancestor was D. vestiturn and the next was D. indicum, D. nankingense and D. lavenduliforlium. D. zawadskii took part in the genesis process much later. The result also shown the limitation of Genomic in Situ Hybridization (GISH) in the studies on the phylogenetic relationship among Dendranthema genus and the origin of cultivated chrysanthemum.
Key words: In Situ Hybridization, Dendranthema,  Cultivated chrysanthemum,  Origin,  Reticulate evolution
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QTL Analysis of Resistance to Asian Corn Borer in Maize
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Asian corn borer (Ostrinia furnacalis., ACB) endangers maize production seriously in China, which has resulted in a great loss of grain yield of maize. Breeding for Asian corn borer resistance should be a priority in reducing the damage of this pest. Genetic analysis for the resistance to the pest is the base of improving the resistant germplasm and enhancing the efficiency of breeding. It was believed that the resistance be controlled by quantitative trait loci (QTL). Genetic pattern and the mechanism of resistance to ACB were clarified by QTL analysis in the present study. 

The 114 F2:3 families derived from the cross of Zi330 (susceptible)×K36 (resistant). The F2:3 population and parents were phenotyped in 2001 and 2002 by artificial infestation in terms of leaf-feeding damage and stalk tunnel damage. In addition, genotypic identifying was carried out using 80 SSR markers. Interval mapping was performed by MAPMAKER/QTL, Composite interval mapping was performed by QTL Cartographer. The major results and conclusions are described as follows.
The molecular linkage map of 80 SSR markers had a total length of 1485.1 cM and an average interval length of 18.8 cM. One QTL were identified for leaf feeding damage on chromosome 4. Three QTL were identified for number of holes on stalk on chromosome 1,5 and 8. Three QTL were identified for stalk tunnel length on chromosome 2,8 and 9. One QTL was identified for tunnel length per hole on chromosome 3. These QTL explained 8.8-49.6% of the phenotypic variance. These QTL showed overdominance, dominance, partial dominance and additive gene action. Seven QTL were from the resistant parent K36, only one QTL was from the susceptible parent Zi330 in all Alleles contributing enhanced resistance. 

In addition, another mapping population “H21×Mo17” have been used for QTL analysis for corn borer resistance. QTL detected in chromosome bins 1.02/03 and 8.03/04 were in common between two populations. The mutual QTL in several populations should be take into account in marker-assisted selection.

The QTL for resistance in our study at chromosome bins 1.02/03, 8.03/04, 4.05, 2.02/03, 5.07 and 9.03 were in similar bins as QTL for resistance to European corn borer (ECB) in ECB studies, the QTL at 1.03、5.04 and 8.05/06 were in similar bins as QTL for resistance to southwestern corn borer (SWCB) at 1.01/02、5.05/06 and 8.05/06 and QTL for resistance to sugarcane borer (SCB) at 5.06 and 8.05/06. These results suggested that there is some correlation between the mechanism of resistance to ECB or ACB and the mechanism of resistance to SWCB or SCB. So referring to studies about resistance to ECB, SWCB and SCB can contribute to studying for resistance to ACB. 

QTL analysis for some important agronomic traits was carried out in our study additionally. Three QTL were detected for plant height, explained 16.2~41.3% of the phenotypic variance, and three QTL were detected for leaf angle, explained 8.8~15.6% of the phenotypic variance. 
Transcriptome and Proteome Analyses of Rice Roots in Response to Iron-Deficiency  

YIN Li-Ping, SUN Tong, LI Wei, WE Gong-Hong , HUANG Qin-Ni, LIU Xiang-Lin 

Department of Biology, Capital Normal University, Beijing 100037, China YIN: tel: 68902666, Email: yinlp@mail.cnu.edu.cn  

Rice is not only a very important crop, but also a model plant. With completed the rice genomic sequencing, the most effective strategy of gene functions such as transcriptome and proteome research have being run in the Post-Genomics. Employing both microarray and two-dimensional gel electrophoresis (IPGphor for IEF and Ettan DALT six for 2-DE) followed by MALDI-TOF methods, one transcriptome map and four proteome maps were generated from rice roots under Fe-deficiency and different iron nutrition. In the transcriptome map 203 up-regulated transcripts from 2 to 9.175 in the ratio of –Fe/Fe-EDTA were detected among 451 different cDNAs which were analyzed in response of rice roots to iron deficiency stress through the use of a cDNA collection representing 10531 individual gene sequences. The 248 cDNAs at the ratio of between 0.075 to 0.49 were down-regulation repressive genes. The transcripts about signal, signal receptor, regulator of gene expression, and some DNA replication –licensing factor (minichromosome maintenance protein MCM) were emergence in transcriptome map and of which also provided much of the excitement of transcripts relative vesicle trafficking taken charge for plasma membrane protein. In the proteome maps through comparison of two maps on Fe-deficient and citrate-Fe(III) condition,  3 highly, 8 weakly and 9 specifically gene expressed protein dots were identified among about 1,500 total root proteins resolved in two-dimensional gels respectively.  Analysis of Fe-deficient and EDTA-Fe(II) , also showed 23 different spots, 4 highly, 2 weakly and 7 specifically expressed proteins induced by Fe-deficiency. Comparison of two maps on Fe-deficient and FeCl3 condition no any protein spot were specifically showed. Matrix-assisted laser desorption /ionization time-of-flight mass spectrometry for peptide mass fingerprint analysis, in conjunction with database searching, were used to assign putative identity to nearly 12 Fe-specific proteins. They included 1) four for reported proteins: NAD-dependent formate dehydrogenase, Fructose- bisphosphate aldolase, nucleoside diphosphate kinase , Zinc inducible protein homology；2) six for new proteins: Similar to Glycine max GH1 protein, 26S proteosome regulatory particletriple-A ATPase subunit6, translation initiation factor-eIF-5A, EF-1alpha, thymidine kinase; two for unknown proteins: 30.9 KD and 19KD proteins. According to the results of transcriptome and proteome , primary sorted group was gained about signal conduction fluxed, vesicle transporting flux, macromolecular and energy metabolizing fluxes and cell cycle control gene expression at mRNA level. At the last, a fire-new and material model of pathway by –Fe inducible property was drafted. 

Cloning and Functional Analysis of a Polyphosphoinositide Binding Protein Gene (Gh-sh2) from Cotton (Gossypium hirsutum L.)#
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Phosphatidylinositol (PI) and its phosphate derivatives Polyphosphoinositides (PPIs) have been characterized as important components of cell membrane system, and shown to be involved in various biological processes, including vehicle transportation, signal transduction and the organization of cell skeleton. Phosphatidylinositol transfer protein (PITP), or designated as Polyphosphoinositide binding protein, can bind to and transfer PI or PPIs,  and thus make them accessible to specific enzymes on the membranes, which is necessary for the metabolism of PI and PPIs. In our attempt to clone genes related to cotton fiber development, we amplified a cDNA gene (Gh-sh2) encoding a polypeptide homologous to soybean polyphosphoinositide binding protein (GenBank accession No. T05953). The function of this gene was further analyzed in transgenic tobaccos.

The cDNA gene consists of 955bp, and contains a 744-bp ORF with a putative protein of 247 aa. BLAST analysis showed that Gh-sh2p was homologous to soybean polyphosphoinositide binding protein Ssh2 with the identity and positive of 66% and 84% respectively. More similar sequences had been found in GenBank, including yeast Sec14 proteins and plant Sec14 like proteins. Eight of those sequences were selected as representatives to perform multiple sequence alignment along with Gh-sh2p. Nine sequences could be divided into two groups, one of which is similar to soybean Ssh1 protein and the other similar to Ss2. It was convincingly suggested that at least two kinds of Sec14 like proteins exist in plants represented by the two PPIs binding proteins from soybean, Ssh1 and Ssh2, respectively. Gh-sh2 belongs to the Ssh2 group.

By Y-RACE amplification, the transcripts of Gh-sh2 were detected in the normal ovules (with fiber initials), but not in the ovules of fiberless-fuzzless mutant, at fiber initiation stage. Furthermore, RT-PCR showed that, the highest level of transcripts accumulated in hypocotyls, growing fibers, and low in the ovules at the middle and late developmental stages, but not in root and leaf. It appears that Gh-sh2gene expresses in tissues growing rapidly and undergoing cell elongation, and the gene may play an important role in fiber initiation and elongation. 

The Gh-sh2 gene was constructed, in sense or anti-sense, into plant expression vector pBI121, and transformed into tobacco. In the T0 generation, the transgenic plants with the overexpressing Gh-sh2 gene displayed slightly increased height and slender flowers and fruits, while the plants with the anti-sense gene were shorter than the wild-type plants. In the T1 generation, the kanamycin-resistant plants with sense Gh-sh2 gene had longer hypocotyls than wild-type plants, while the plants containing anti-sense gene had shorter hypocotyls. These results suggested that Gh-sh2 gene functioned in vivo to promote growth, although the mechanism is still to be elucidated. To find the detailed function of Gh-sh2 gene in cotton, especially in fiber development, we are attempting to transform the two expression vectors into cotton.

Well characterized by using biochemical techniques as well as genetical approaches, such as mutants defective in biosynthesis. However, how plants perceive GAs and how the signal is transduced to control GA-regulated gene expression during plant growth and development are largely unknown. Recent molecular and pharmacological studies in GA signal transduction showed that Gibberellins insensitive gene (GAI), which is a nuclear member of the GRAS family of plant transcription factors, play an important role in GAs signaling.  

The fibers of cotton (Gossypium hirsutum) are single-cell trichomes that result from elongation of epidermal cells of the ovule and undergo rapid and synchronous elongation. There are only a few cells in the plant kingdom that are as exaggerated in their size and composition as cotton fiber. Because the elongation occurs at a fast rate over a relatively long period, uninterrupted by cell division, the fibers of cotton are a good experimental system for studying cell elongation. One of the Gibberellins physiological roles is promoting cell elongation. Recent studies on the cotton fiber development at physiology and molecular biology show that GAs play a significant role during the fiber development. 

To understand how GA biosynthesis processes is regulated and how the signal is transduced during the cotton fiber development, we have screened the EST database of cotton fiber using GAI/RGA gene, which is a negative regulator of the GA signal transduction pathway. Based on a contig sequence that results from many EST fragments, we amplified a 1082-bp fragment. A fiber cDNA library of cotton (Gossypium hirsutum) cultivar, XuZhou 142, was screened using the amplified fragment as probe. We obtained a gene (GhGAI) (AY208992), which contains 2041 base pairs and a single, long open reading frame of 1613bp that encodes a 538-amino acid protein. BLAST analysis demonstrated that the deduced polypeptide was homologous to Arabidopsis GAI/RGA gene (BAC42642, CAA75492) with the sequence identity of 62.5% and the similarity of 78%, and to Zea Mays DWARF8 with the identity of 53% and the similarity of 64% respectively. Phylogenetic analysis shows that GhGAI is very closely related to Arabidopsis GAI/RGA. 

Furthermore, same as GAI/RGA, there are several important regions in the predicted GhGAI protein sequence. It contains homopolymeric regions of serine and threonine at the N terminus, which is a putative nuclear localization signal; and leucine heptad repeats and an LHKLL motif, which is identical to the consensus sequence LXXLL that was recently demonstrated to mediate the binding of steroid receptor co-activator complexes to nuclear receptors. It has also a putative bipartite nuclear localization signal (NLS) motif. The sequence RKVATYFAELARRIYR fits well with the consensus of bipartite NLSs. The results of alignment analysis show that they all contain the central VHIID conserved region. By comparing GhGAI Amino acid sequence with the rest of the VHIID family members in the database, it was indicated that GhGAI same as GAI has two additional conserved motifs besides the VHIID domain, one located at the C-terminus named RVER domain, another located at N-terminus named the acidic DELLA domain, which motif is essential for gibberellin-induced degradation of RGA. The role of GhGAI in cotton fiber development is in investigation by using gain-of and loss off function analysis.
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