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Abstract 1

The peanut genome project and consortium

S Jackson

University of Georgia, USA, on behalf of The Peanut Genome Consortium

The peanut genome project is an ambitious endeavor to not only sequence the tetraploid peanut, but the diploid progenitor genomes as well, and to create sequence-based, high resolution genetic maps.  The tetraploid genome is ~3.4 billion base pairs, roughly equivalent to the human genome.  Concurrent to these activities, extensive functional resources are being developed such as a gene expression atlas by RNA sequencing and populations and phenotyping tools to begin to link sequences and genes to functional traits that will impact peanut improvement.  This is a multinational project with research and funding partners from Asian countries and North and South America.  I will present ongoing activities as well as progress toward the goal of producing a high quality genome sequence map integrated with genetic maps and traits. Specific components of the Peanut Genome Consortium activities will be discussed the leaders of those specific components.

Email:  sjackson@uga.edu
Abstract 2 

Genome mapping by sequencing of the progenitors of the cultivated peanut, Arachis duranensis and A. ipaensis
L Froenicke1, C Beitel1, D Scaglione1, M Pandey2, HD Upadhyaya2, MC Moretzsohn3, P Guimaraes3, SCM Leal-Bertioli3, RK Varshney2, D Bertioli4, and RW Michelmore1* 

1 University of California Davis, Davis, California, USA

2 International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India
3 Embrapa Recursos Genéticos e Biotecnologia, Brasília, DF, Brazil

4 Catholic University of Brasília, Brasília, DF, Brazil 

We are generating ultra-high density genetic maps through genotyping by low coverage, shotgun sequencing of the progenitors of the cultivated peanut, A. duranensis and A. ipaensis.  These maps are being generated through sequencing the gene space of diploid and tetraploid mapping populations (~1x coverage each RIL) and of peanut diversity panels.  RIL mapping populations of the diploid wild progenitor species of both the peanut progenitor A and B genomes are being analyzed as well as a tetraploid mapping population that is derived from a cross of cultivated peanut with a synthetic amphidiploid of the two progenitor species.  A cultivated peanut RIL population is also being phenotyped for agricultural traits. In contrast to mapping-by-sequencing efforts of other species, these maps are being generated for species without an existing reference genome using a new genome mapping pipeline.  The gene space of the parental lines of each RIL population is established by sequencing of normalized genomic DNA libraries using Illumina Hiseq (60 and 20x coverage) and then assembled.  Segregating SNPs are typed using survey sequencing of the mapping population.  This pipeline has been validated using the Arachis B genome and mapping the A genome species.  The resultant ultra-dense maps will assist the assembly of the reference genome and provide the foundation for GWAS and QTL mapping studies.  In addition we are testing emerging sequencing technologies on the diploid peanut species.

*E-mail: rwmichelmore@ucdavis.edu 
Abstract 3

Progress report of peanut genome sequence project: Constructing the genome sequence of Arachis species 

X Liu

BGI-Shenzhen, China, on behalf of International Peanut Genome Consortium and International Peanut Genome Initiative (www.peanutbioscience.com) 

The reference genome would facilitate the researches and probably accelerate the breeding process of crops. For peanut, the peanut genome project aimed at constructing the reference genome for peanut (allotetraploid, Arachis hypogaea) and its two progenitor species (diploid, A. duranensis and A. ipaensis).  In order to construct the reference genome for the two diploid species and one tetraploid species of peanut, whole genome shotgun strategy using second generation sequencing was applied. We sequenced more than 100X data for each species, with different insert-size sequencing libraries ranging from 170 bp to 40 kb.  SOAPdenovo as well as other assemblers were applied to assemble the genomes. The assemblies of the two diploid species were good in genome coverage (more than 85% of the estimated genome) and continuity (with contig N50 and scaffold N50 longer than 30 kb and 300 kb respectively).  With the genome sequences of the two diploid species, the genome annotation has also been conducted to predict the repeats and genes. As the tetraploid species has more complex genome, the assembly covered ~80% of the total genome with contig N50 to be ~10 kb and scaffold N50 to be ~100 kb. Thus further, application of other strategies should be carried out in order to improve the assembly.

Email: liuxin@genomics.org.cn 

Abstract 4 

Functional genomics resources in peanut

P Ozias-Akins1*, Y Chu1, J Clevenger1, Y Guo1, J Conner1, B Abernathy2, B Scheffler3, C C Holbrook4, and SA Jackson2

1 Department of Horticulture and Institute of Plant Breeding, Genetics & Genomics, The University of Georgia, Tifton, GA 31793, USA

2 Department of Crop and Soil Sciences and Institute of Plant Breeding, Genetics & Genomics, The University of Georgia, Athens, GA 30602, USA

3 Genomics and Bioinformatics Research Unit, USDA-ARS, Stoneville, MS 38776, USA

4 Crop Genetics and Breeding, USDA-ARS, Tifton, GA 31793, USA
Sequencing of the cultivated peanut genome, reference genotype ‘Tifrunner’, is in progress and evidence-based annotation will require the identification of expressed genes.  Sequencing of RNA from multiple tissues and developmental stages in a replicated design enables not only annotation, but also a statistically supported analysis of differential gene expression.  With these two goals in mind, gene expression is being compared between seedling leaves (10-d post-emergence) and leaves at a comparable developmental stage on main and lateral shoots from plants beginning to flower; vegetative and reproductive shoots; seedling roots; nodules formed on inoculated roots 25-d post-emergence; vegetative and reproductive parts of the flower; gynophores prior to and after soil penetration; and pod, pericarp, and seed throughout growth and maturation.  Differential gene expression can be useful for inferring gene function, although function can be more critically analyzed by the analysis of mutants.  A TILLING population was created from ‘Tifrunner’ by ethylmethane sulfonate mutagenesis.  Mutants have been identified using a fluorescent gel-based assay as well as through sequencing.  Genes for which mutants have been recovered include fatty acid desaturase 2, responsible for oleic:linoleic acid ratios in peanut, and Ara h 1 and Ara h 2, two major peanut allergens.  A summary of progress in mutant identification and genetic analysis will be presented.

*Email:  pozias@uga.edu
Abstract 5 

A first look at the “Peanut Genomic Toolbox”
S Cannon1* and A Farmer

1 USDA-ARS, USA
2 NCGR, USA
Peanut genetic and genomic information will be of greatest value to the extent that it is fully and intuitively accessible, and that diverse peanut data sets are well integrated with one another and with similar data from other legume species. The genomic data (genome sequence, predicted genes, gene expression, etc.) need to be stitched together with breeder-centered information such as candidate genes, genetic markers, QTLs, trait information about breeding lines, allele states for important markers, etc. A breeder or molecular biologist should be able to do a simple search on a term such as “drought” and be led to markers in QTL regions; or should be able to search for a known gene sequence from another species and find whether there are associations for traits of interest in peanut. This talk will present a tour of the current Peanut Genomic Toolbox (available in June 2013), and plans for next steps. Work in 2012-2013 has focused on collection of maps, markers, QTLs, and transcriptome data sets, into a genomic database; and design of a web site to provide access to this data. A next major step forward will be made possible with the completion of genome sequences (for the tetraploid and diploid progenitors). The data types collected for peanut will be in common with those for many other legume species, which will make it possible to compare these genetic features through the common reference coordinates of the sequenced genomes.

*Email:  steven.cannon@ars.usda.gov
Abstract 6

Strategies for de novo assembling complex genomes
X Fang

BGI-Shenzhen, China

Obtaining a reference genome is the first step for better understanding an organism in whole genome scale. The continue reducing cost for sequencing and improvement of assembling tools enable to initiate large scale genome project, such as 10K vertebrate genome and 5K insect genome project, as well as many plant genome projects. Yet, the huge genome size, polyploidy, high level of repetitive sequences,  and heterozygosis are the main challenges for genome de novo assembly. Here I will talk about the potential strategies for de novo assembling complex genome and show some cases we have done by using these strategies.

Email:  fangxd@genomics.org.cn 
Abstract 7 

Transcriptome analysis in an array of cultivated and wild peanut accessions using Illumina sequencing

R Chopra1, G Burow2, A Farmer2, J Mudge3, CE Simpson4, Z Xin2, T Wilkins1, and MD Burow1,5*.  

1 Texas Tech University, Department of Plant and Soil Science, Lubbock, TX 79403 USA 

2 USDA-ARS-CSRL, Lubbock, TX 79415, USA

3 National Center for Genome Resources, Santa Fe, NM 87505, USA

4 Texas A&M AgriLife Research, Stephenville, TX 76401, USA

5 Texas A&M AgriLife Research, Lubbock, TX 79403, USA
In order to develop markers for genomic analysis and marker-assisted breeding, we are undertaking a survey of SNP diversity in peanut.  Sequencing four cultivars, representing all four U.S. market types, generated an average of 41.7 million reads.  Alignment of these sequences against a custom reference of the Tifrunner TSA and ESTs in GenBank produced a mean of 39,807 contigs per accession with an N50 of 741bp. From 3,027 to 5,736 SNPs distinguished pair-wise combinations of cultivars. Validation of a set of SNPs using KASP primers indicated high repeatability using stringent parameters for SNP selection. However, screening against 48 accessions suggested the presence of other alleles.  Therefore, we sequenced 18 additional accessions, eight representing all seven A. hypogaea botanical types, eight diploid wild species, A. monticola and the TxAG-6 amphidiploid. Sequencing using 2*50bp chemistry on a HiSeq 2000 generated approx. 20M reads per diploid and 30M per tetraploid.  We are assembling each accession using SOAP, Abyss, and Trinity.  Preliminary de novo assembly of A. duranensis accessions K 38901 revealed from 34K to 41K contigs with an N50 of from 1100 to 1500bp.  Assembly of OLin revealed 66K to 68K contigs with an N50 of 1700bp, and appears to separate sequences of different genomic origin.  Efforts will be made to develop A-, B-, and K-genome assemblies from diploids, and classify contigs by genome origin in tetraploid assemblies.  We expect that data will be useful in developing markers for gene introgression from wild species, and facilitate assays for homologous SNPs in tetraploids for marker-assisted breeding.

*Email:  mburow@tamu.edu 
Abstract 8

Genomics-assisted breeding in peanut (Arachis hypogaea L.): present status and future prospects
RK Varshney1,2

1 International Crops Research Institute for the Semi-Arid Tropics, Hyderabad, India
2 CGIAR Generation Challenge Programme, c/o CIMMYT, Mexico DF, Mexico 

Peanut research community has come a long way with speedy development of genomic resources during the past decade. As of now, several thousand molecular markers (i.e. SSRs, SNPs and DArTs) have become available.  The majority of these were employed in development of genetic maps which unfortunately ended up with low marker density. Therefore, mapping information of these individual genetic maps was integrated and the first generation consensus map with 897 marker loci was developed. Furthermore, by adding more markers to this map, the second generation consensus map comprising of 3,693 marker loci has been developed. In parallel, availability of multi-season phenotyping data on some of these mapping populations facilitated identification of several linked markers for important traits which, after validation, were deployed in molecular breeding. For instance, a major QTL for rust resistance identified in the GPBD 4 x TAG 24 population has been introgressed in three elite varieties namely, ICGV 91114, JL 24 and TAG 24. Similarly, for improving high oleate trait in ICGV 06110, ICGV 06420, ICGV 07368 and ICGV 06142, FAD2A and FAD2B genes are being introgressed from SunOleic 95R. The introgression lines for rust are in advanced stages of testing and preliminary results showed several lines superior to their respective recurrent lines. In brief, such genomic resources and more importantly, availability of genome sequence in the near future, are expected to hasten the efforts of genetic enhancement of peanut leading to increased productivity with better oil and nutritional quality.
Email:  r.k.varshney@cgiar.org 

Abstract 9

Ongoing efforts and future plans for phenotyping to complement genomic advances in peanut 
CC Holbrook1*, P Ozias-Akins2, Y Chu2, R Gill2, TG Isleib3, AK Culbreath4, B Guo5, and TB Brenneman4

1 USDA-ARS, Crop Genetics and Breeding Res. Unit, Tifton, GA 31793, USA
2 Dept. of Horticulture, Univ. of Georgia, Tifton, GA 31793, USA
3 Dept. of Crop Sci., North Carolina State Univ., Raleigh, NC 27695, USA
4 Dept. of Plant Path., Univ. of Georgia, Tifton, GA 31793, USA
5 USDA-ARS, Crop Protection and Management Res. Unit, Tifton, GA 31793, USA
Ongoing and planned genomic research in the peanut community should lead to the development of additional molecular markers that will be useful in peanut cultivar development.  However, to achieve this, much work will need to be done to associate these genetic markers with important phenotypic traits.  Phenotyping will need to be conducted in appropriate populations.  We developed sixteen structured RIL populations and have begun high-resolution phenotyping of these populations.  Crosses were made using a 2 x 8 (common x unique) factorial nested association mapping design.  Parents were selected to attempt to maximize genetic diversity while meeting practical breeding objectives.  First, two modern runner cultivars (Tifrunner and Florida-07) were selected as common parents because runner cultivars account for about 80% of the production in the US.  Second, the eight unique parents were selected to supply diversity across market classes and botanical varieties and are donors of favorable alleles for enhancing drought tolerance and resistance to most important diseases of peanut in the U.S.  The eight unique parents are N08082olJCT (a Bailey derived high oleic breeding line), C76-16, NC 3033, SPT 06-06, SSD 6 (PI 576638),  OLin, New Mexico Valencia A, and Florunner.  The 16 populations were advanced using summer and winter nurseries.  Input from multiple disciplines has resulted in a list of populations and traits that should be examined first, and seed increase has begun to provide the community with material for extensive phenotyping.  In-depth phenotyping and genotyping of these populations is likely to result in the development of markers that can be deployed by breeding programs for the development of improved cultivars.

*Email:   Corley.Holbrook@ars.usda.gov
Abstract 10

Progress in sequencing the peanut A-genome progenitor Arachis duranensis

Shanlin Yu on behalf of the Peanut A-genome Sequencing Consortium (including Crops Research Institute, Guangdong Academy of Agricultural Sciences; Shandong Peanut Research Institute; Shandong Shofine Seed Technology Co., Ltd; International Crops Research Institute for the Semi-Arid and Tropics; University of Georgia; University of Brasilia; MacroGen)
Peanut (Arachis hypogaea, AABB) is one of the world’s most important legumes and grown primarily for its high quality edible oil and protein. However, the complex nature of its genome makes de novo sequencing of the tetraploid genome challenging. Arachis duranensis is the diploid progenitor species, which is the A-genome donor to cultivated peanut. Sequencing the A. duranensis genome becomes a useful and efficient entry to the tetraploid genome. Here, we used multiple sequence technologies (454, HiSeq and Sanger) to make it possible to achieve a fine de novo assembly of the A. duranensis genome. The genome size of A. duranesis has been estimated to be about 1.38 Gb. The resulting draft genome assembly has a good coverage of the A. duranensis genome (approximately 90%) with a combination of 454 and HiSeq shotgun data. Efforts are underway to improve the assembly by using more than sixty thousands BAC end sequences. A better assembly and comprehensive analysis of the A. duranensis genome will be established in the near future.

Email: yshanlin1956@163.com 
Abstract 11   

Why preserve and evaluate genetic resources in peanut?  

NA Barkley1, TG Isleib2, and A Culbreath3 

1 USDA ARS Plant Genetic Resources Conservation Unit, Griffin, GA USA 

2 North Carolina State University  Raleigh, North Carolina USA

3 University of Georgia, Department of Plant Pathology, Tifton, GA, USA

Peanuts are produced in more than 100 countries with a total global total production in 2010 of 37,953,949 metric tons according to the 2010 FAO statistics.  Because peanut is an important crop, it is imperative that its germplasm be preserved in order to conserve the genetic diversity and provide a resource to improve the crop for future generations.  There are several centers worldwide (EMBRAPA, ICRISAT, INTA, OCRI, and USDA) that maintain peanut germplasm collections.  The USDA ARS PGRCU maintains the second largest germplasm collection in the world with 9,326 cultivated and 608 wild entries.  This collection has proven to be a useful resource to mine for traits to improve peanuts by identifying sources of resistance for root knot nematode, leaf spot, tomato spotted wilt virus (TSWV), preharvest aflatoxin, and Sclerotinia.  The U.S. germplasm has also been evaluated for seed quality traits such as oil, fatty acid profiles, and flavonoids which showed a range in variation for each of these traits.  The impact of germplasm is evident from an evaluation of current production lines in the U.S.A. which determined that germplasm contributed 20.6% of the ancestry of cultivars grown in 2012.  One entry (PI 203396) which was collected in Brazil was the source of TSWV resistance most commonly found in the ancestry of U.S. cultivars.  Although genetic modifications and mutation induction are novel ways to improve peanut, more gains have been made from evaluating the range of variation in germplasm in order to make improved selections for breeding programs which can greatly impact yield, production value, and the nutritional quality of peanuts.  

*Email:  elle.barkley@ars.usda.gov    
Abstract 12

Arachis duranensis, the A genome donor of cultivated peanut

HT Stalker1*, S Tallury1, P Ozias-Akins2, and S Knapp3 

1 Department of Crop Science, NC State University, Raleigh, NC  27695, USA
2 Dept. of Horticulture, The University of Georgia, Tifton, GA 31973, USA

3 Institute of Plant Breeding, Genetics and Genomics, University of Georgia, 111 Riverbend Rd, Athens, GA, 30605.  Currently at Monsanto Inc., CA, USA  

The A genome donor of the cultivated peanut (Arachis hypogaea L.) has been shown by both cytological and molecular investigations to be the diploid species A. duranensis Krap. et W.C. Gregory.  Further, investigations with cytoplasmic genes have shown that this diploid species is the female parent of a cross between A and B genome species.   Accessions can be separated based on SSR variation and there is also morphological variation within the species.  Molecular diversity, but not morphological variation, corresponds with geographical distribution where accessions in Bolivia can be separated from germplasm in Argentina.  Further, cytological analyses of megaspore mother cells have indicated that translocations are present among several accessions of the species, in particular accessions 30067 and 30075.  Differentiation also can be observed in somatic chromosomes among accessions.   Because of the importance of A. duranensis to the genome sequencing project, care should be taken to consider the possibility of chromosome rearrangements and gene variation within the species when attempting to sort the DNA sequences of the cultivated genome.   

*Email:  tom_stalker@ncsu.edu 
Abstract 13

Genetic variation of purified U.S. peanut (Arachis hypogaea L.)  mini-core collection

C Chen1*, ML Wang2, N Barkley2, P Dang3, C Holbrook4, and L Liu1,5
1 Department of Agronomy and Soils, Auburn University, 201 Funchess Hall, Auburn, AL 36849, USA
2 USDA-ARS, Plant Genetic Resources Conservation Unit, Griffin, GA 30223, USA
3 USDA-ARS, National Peanut Research Laboratory, Dawson, GA 39842, USA
4 USDA-ARS, Crop Genetics and Breeding Research Unit, Tifton, GA 31793, USA
5 Department of Agronomy, Agricultural University of Hebei, Baoding 071001, China 
Many accessions of the USDA peanut germplasm collection are heterogeneous. Advances in genomics technology have highlighted the need for collections of homogeneous accessions for many types of phenotypic and genomic evaluations.  The objectives of this research were to purify accessions of the USDA mini-core collection and characterize genetic variation of this collection using morphological and chemical traits and molecular markers.  Twenty seeds of one hundred and four accessions of the peanut mini-core collection were planted at Dawson, GA in 2008 under irrigated conditions.  The seeds from five uniform plants were harvested, bulked, and planted in Headland, AL in 2009 to continue the purification process. In 2010, homogenous seeds of each accession were planted in Headland, AL to increase seed counts for chemical analysis and genotyping. Phenotyping was evaluated for agronomic traits; pod and seed traits; seed dormancy; and seed quality traits including oil content, fatty acid composition, and flavonoids for two years. Significant variability was detected in seed chemical composition among accessions and botanical varieties. Accessions with high amounts of oil, quercetin, high seed weight, and O/L ratio were identified. Significant variability in seed dormancy was observed among accessions and botanical varieties.  Indel markers revealed that among the four existing botanical varieties in the mini-core collection var. peruviana has a higher level of diversity than var. fastigiata, var.  hypogaea, and var. vulgaris, but they are lower than aequatoriana var. and hirsuta var. It is recommended that accessions from aequatoriana var. and hirsuta var. should be added to the U.S. mini-core collection and used in peanut breeding programs.
*Email: cyc0002@auburn.edu 
Abstract 14

Germplasm for groundnut improvement

HD Upadhyaya*, S Singh, S Sharma, RK Varshney, and CLL Gowda 

International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Patancheru PO 502324, India

Groundnut is an important oilseed crop grown for high quality edible oil (36-54%) and easily digestible protein (12-36%) in 110 countries on 21.8 million ha. Of over 128,400 germplasm accessions available globally, ICRISAT genebank at Patancheru, India holds largest number of accessions (14,968 cultivated, 478 wild). Groundnut cultivars have narrow genetic bases as only limited number of accessions (<1%) have been used in breeding programs, mainly due to lack of information on economic traits. To overcome this problem, a mini core collection (10% of core, 1% of entire collection), representing species diversity was developed. The groundnut mini core collection has been evaluated extensively and trait-specific germplasm lines for resistance/tolerance to biotic and abiotic stresses, and for agronomic (early-maturity, yield, seed size) and quality (oil, protein, oleic acid, Oleic/linoleic acid ration, Fe, Zn) identified at ICRISAT. The mini core collection is being used as an association panel to identify marker-trait associations. Mapping populations are being developed for gene mapping associated with beneficial traits. Wild species possess high levels of resistance, but have been used to a limited extent due to linkage drag. Using an amphidiploid with poor agronomic performance (100 seed weight, 8 g), we have derived cryptic introgression lines that are phenotypically similar to cultivated parent, but produce large seeds (up to 139 g per 100 seeds), higher pod yield (3.3 t pods ha-1) and greater root length density than cultivated parent (30 g 100 seeds, 1.6 t pods ha-1).  

*Email:   h.upadhyaya@cgiar.org   
Abstract 15

The developmental transcriptome of peanut (Arachis hypogaea) pod

X Chen1, Q Yang2, H Li1, H Li3, L Pan2, Y Hong1, N Chen2, F Zhu1, X Chi2, W Zhu1, M Chen2, H Liu1, Z Yang2, E Zhang1, T Wang2, N Zhong1, M Wang2, S Wen1, X Li1, G Zhou1, S Li1, H Wu3, R Varshney1,4, X Liang1, and S Yu2

1 Crops Research Institute, Guangdong Academy of Agricultural Sciences (GAAS), Guangzhou, China

2 Shandong Peanut Research Institute, Shandong Academy of Agricultural Sciences, Qingdao, China

3 State Key Laboratory for Conservation and Utilization of Subtropical Agro-bioresources, South China Agricultural University, Guangzhou, China

4 International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Patancheru, India

Cultivated peanut (Arachis hypogaea L.), or groundnut, is an economically important leguminous crop widely used as a resource for edible oil and protein around the world. Pod undisputedly is the most important organ in peanut. Moreover, subterranean pod development is a salient characteristic through which peanut is distinguished from most of other plant species. But it is poorly understood. Here we analyzed the peanut pod developmental dynamics in 20 separated seed and shell samples representing 11 distinct stages of pod development. We sequenced, in total, more than 1 billion transcript reads and 38 million small RNAs using Illumina sequencing to define the developmental transcriptome of peanut pod. We identified 184,204 transcript assembly contigs (TACs) including ~33 thousand novel TACs in peanut pod and quantified transcript abundance along a pod developmental gradient. Sixty-four peanut specific microRNAs were found, and miRNAs regulated in pod development were identified. This study could define major characteristics of the transcriptional programs that underlie pod development. These data provide a high-resolution view of transcriptome dynamics throughout peanut pod development as well as form a transcriptional baseline for fruit development under darkness.
Email: xpchen1011@gmail.com 

Abstract 16

Using deep-sequencing technology and bulked segregant analysis to identify candidate genes for branching habit in peanut 

Y Brand, A Faigenboim, and R Hovav*

Department of field crops, Plant Science Institution, ARO, Bet-Dagan, Israel.

Branching habit is an important descriptive and agronomic character of peanut. However, both the inheritance and the genetic mechanism that controls branching habits in this crop are not clear. Here, by combining the usage of deep sequencing technology and well defined genetic system we studied this important aspect in peanut. Initially, segregating F2 populations derived from a reciprocal cross between closely related Virginia-type cultivars with respective spreading and bunch growth habits were examined. The spreading/bunch trait was shown to be controlled by a single gene with no cytoplasmic effect. Subsequently, bulked segregant analysis was performed on 52 completely bunch and 47 completely spreading F3 families. In order to facilitate the SNP detection process and candidate-gene analysis the transcriptome was used instead of genomic DNA. Young leaves and lateral shoot bases were sampled and bulked. RNA samples were converted into libraries suitable for Illumina sequencing and reads were aligned against peanut reference transcriptome. Inter-varietal SNPs were detected, scored and quality filtered accordingly. For each bulk, the frequency of the informative base was calculated at each SNP position and then the ratio between the bulks was determined for each SNP, where ≥ 3 was determined as the threshold. Under these strict criteria ~20 candidate SNPs were retrieved, among them four top hits were further analyzed in segregating populations. One candidate gene, hypothetical membrane steroid-binding protein, that previously was shown to be related to branching habit in monocots, is currently being studied as the leading candidate gene for spreading/bunch trait in peanut. 

*Email:  ranh@volcani.agri.gov.il
Abstract 17

The incorporation of SNP markers into diploid and tetraploid peanut maps

DJ Bertioli1*, MC Moretzsohn2, T Borba 3, KM Dantas2, O Bomfin2, G Pappas1, Y Chu4, AC Brasileiro2, SCM Leal-Bertioli2; P Ozias-Akins4, and PM Guimarães2
1 Dep. de Genética/IB, Universidade de Brasília, Brasília, DF, Brazil

2 Embrapa Recursos Genéticos e Biotecnologia, Brasília, DF, Brazil 

3 Embrapa Arroz e Feijão, Santo Antônio de Goiás, GO, Brazil

4 Dept. of Horticulture, The University of Georgia, Tifton, GA 31973, USA
Single nucleotide polymorphic markers (SNPs) are attractive for use in genetic mapping and marker-assisted breeding because they can be scored in parallel assays at favorable costs. However, scoring SNP markers in polyploidy plants like peanut is problematic because of noise generated from bases homeologous to those being assayed. The present study aimed to evaluate the performance of SNP markers in two RIL mapping populations, including one diploid (A. duranensis x A. stenosperma) and one tetraploid (A. hypogaea IAC-Runner x synthetic tetraploid [A. ipaensis KG 30076 x A. duranensis V 14167]4x). The SNP assay was using GoldenGate and analysis of scores made using the software GenomeStudio version 2011.1. For the diploid, polymorphic markers gave excellent genotyping scores with default software parameters. In the tetraploid, as expected, most of the polymorphic markers gave signal intensity plots that were distorted compared to diploid patterns, and incorrectly scored using default parameters. However, these scorings were easily corrected manually in the GenomeStudio software. Interestingly, from the polymorphic markers scored in the tetraploid, about 10% showed signal intensity plot patterns that were indistinguishable from diploid patterns. The genotyped markers were incorporated into diploid and tetraploid maps of peanut.
Email: djbertioli@gmail.com
Abstract 18
QTL analysis and consensus genetic map for yield, quality based on three RIL and two F2 populations of cultivated groundnut (Arachis hypogaea L.)

XY Zhang*, SY Han, FS Tang, J Xu, H Liu, M Yan, WZ Dong, BY Huang 

1 Industrial Crops Research Institute, Henan Academy of Agricultural Sciences/Henan Provincial Key Laboratory for Genetic Improvement of Oil Crops/Peanut Sub-center of the National Center for Oil Crops Improvement, Zhengzhou 450002;

2 Biological Engineering Department, Zhengzhou University, Zhengzhou 450000
With an objective to understand the genetic basis and identification of QTLs for yield and quality, three new recombinant inbred line (RIL) mapping populations namely, Zheng8903 × Yuhua 4 (RIL-1), Zheng9001 × Zheng8903(RIL-2), and Baisha1016× Kainongxuan 2 (RIL-3), plus two additional populations Baizi × Yuhua 4 (F2-1) and Kainongbai 2 × Yuhua 4 (F2-2) were used.  After screening of 1556 SSR markers on the parental genotypes of these populations, three new genetic maps were developed with 85 (RIL-1), 114 (RIL-2) and 52(RIL-3) SSR loci. Together with these maps, a consensus map was constructed with 158 SSR loci distributed over 20 linkage groups, spanning 1316.32 cM.  The QTLs of 20 important traits in peanut were mapped different linkage groups based on three RIL populations.

*E-mail: haasz@126.com 
Abstract 19

Revisiting T-population derived from Tifrunner × GT-C20 for achieving high density genetic maps and detecting disease resistance QTLs in peanut (Arachis hypogaea L.)

B Guo1*, M Pandey2,3, L Qiao2, H Wang2, A Culbreath2, R Varshney3, C Holbrook4, and G He5
1 USDA-ARS, Crop Protection and Management Research Unit, Tifton, GA, USA
2 University of Georgia, Department of Plant Pathology, Tifton, GA, USA
3 International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, INDIA

4 USDA-ARS, Crop Genetics and Breeding Research Unit, Tifton, GA, USA
5 Tuskegee University, Tuskegee, AL, USA
Realizing the serious threats from Tomato spotted wilt virus (TSWV) and leaf spots (LS) to sustainable peanut production, high-density genetic linkage maps based on F2 and recombinant inbred line (RIL) T-population (Tifrunner × GT-C20) have been constructed and QTLs were identified in order to aid in marker-assisted breeding. Parental polymorphism survey and genotyping of 94 F2 individuals of T-population (TF2) resulted in the development of a dense genetic map (1,674.4 cM) with 318 marker loci reported by Wang et al. in 2012, while another map was developed with 239 marker loci (1,213.4 cM) using a subset of RILs at F5:6 with 158 individuals from the same population (TRIL158) was reported by Qin et al. in 2012. Further, using the whole RIL population with 245 individuals, the third map (TRIL245) has been constructed with 159 marker loci (2261.9 cM, 20 LGs) so far along with continued improvement in marker numbers and genotyping by sequencing of a subset of 113 RILs. QTL analysis using the three maps (TF2, TRIL158, TRIL245) and using multi-season phenotyping data (one for thrips, four for TSWV and 10 for LS with at least three reps each) resulted in identification of two QTLs for thrips (12.14–19.43% PVE), 15 for TSWV (4.40–34.92% PVE) and 37 for LS (6.61–27.35% PVE) with TF2 map; one QTL for thrips (5.86% PVE), nine for TSWV (5.20–14.14% PVE) and 13 for LS (5.95–21.45% PVE) with TRIL158 map while six QTLs for TSWV (5.71–15.24% PVE) and 21 for LS (4.21–22.71% PVE) with TRIL245 map. Thus, this mapping population has shown great potential towards development of high dense genetic maps and identification of QTLs for important diseases such as TSWV and LS along with several other important traits.
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Construction and analysis of a SNP-based genetic linkage map in peanut (Arachis hypogaea L.)

X Zhou, S Huang, X Ren, Y Chen, L Huang, B Liao, Y Lei, and H Jiang*
Oil Crops Research Institute (OCRI) of Chinese Academy of Agricultural Sciences (CAAS), Wuhan, Hubei, 430062, China

Genetic markers are pivotal to modern genomics research. However, discovery and genotyping of molecular markers in peanut (Arachis hypogaea L.) has been hindered by large size and complexity of the genome. The restriction site associated DNA (RAD) tag sequencing is a new powerful method to develop markers and construct high density genetic map.This method could facilitate genetic variant discovery by sequencing only the DNA flanking specific restriction enzyme sites. In this study, we used recombinant inbred lines (RIL) with160 individuals and their parents, Zhonghua 5 and ICGV 86699, as materials to develop SNP markers by RAD tag sequencing. A total of 72,000,000 reads were obtained from the RAD library of parents sequenced by Illumina Hiseq2000. From the selected high quality reads, 2,510,730 reads were retained and clustered to 214M reference sequence. Then the sequenced reads of the mapping population with100 individuals were aligned to the reference sequence. We discarded reads that matched exactly with more than one position in the reference sequence, and the unique sequences were chosen for SNP discovery. A total of 13,555 loci were polymorphic between parents and the mapping population, with 1,457 segregates as single Mendelian loci, and 1,351 being placed on the linkage map. A set of 100 SNP will be subject to validate by sequencing the corresponding alleles that will be PCR-amplified from genomic DNA of Zhonghua 5 and ICGV 86699. The results showed that the high-throughput SNP discovery pipeline presented here is a rapid and effective method for identification of polymorphic SNP alleles in the cultivated peanut.
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Transcriptome and proteome profiling of peanut (Arachis hypogaea L.) gynophores response to early geotropism
H-F Li, X-P Chen, F-h Zhu, H-Y Liu, Y-B Hong, X-Q Liang*

Crops Research Institute, Guangdong Academy of Agricultural Sciences (GAAS), Guangzhou, China
Peanut (Arachis hypogaea L.) produces flowers aerially, but the fruit develops underground. This process is mediated by the gynophore, which always grows vertically downwards. The genetic basis underlying gravitropic bending of gynophores is barely understood. To identify genes related to gynophore gravitropism, gene expression profiles of gynophores cultured in vitro with the tip point upward (gravitropic stimulation sample) and downward (control) for both 6 and 12 h were compared through a high-density peanut gene chip. After gravitropic stimulation, there were 174 differentially expressed genes, including 91 up-regulated and 83 down-regulated genes at 6 h; and 491 differentially expressed genes, including 129 up-regulated and 362 down-regulated genes at 12 h. The expression of five differentially expressed genes was further confirmed by real time qRT-PCR. These differential expression genes were assigned to 24 functional categories.   Twenty pathways including carbon fixation, aminoacyl-tRNA biosynthesis, pentose phosphate pathway, starch and sucrose metabolism were identified. Our study paves the way to discover the molecular mechanisms underlying the peanut gynophore gravitropism.

Keywords: Peanut gynophore; gravitropism; transcriptome profiling
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Identification and pathogen induction of microRNAs in wild type and cultivated peanut

X-J Wang1,2*, C-Z Zhao1, S-Z Zhao1, L Hou1, H Xia1, and A-Q Li1
1 High-Tech Research Center, Shandong Academy of Agricultural Sciences; Shandong Provincial Key Laboratory of Crop Genetic Improvement, Ecology and Physiology, Jinan 250100, PR China
2 College of Agriculture, Shandong University, Jinan 250100, PR China

In plants, microRNAs (miRNA) have been characterized as important factors of gene expression in growth and development as well as response to biotic and abiotic stresses. As one of the most important oil crops, peanut (Arachis hypogaea L.) is wildly grown in China. Bacterial wilt disease is a widespread disease that negatively affects peanut production, particularly in south part of China. However, the wild species Arachis glabrata exhibits significant resistance to multiple diseases. In order to investigate the roles of miRNAs on bacterial wilt disease resistance in peanut, four miRNA libraries were constructed using normally grown and pathogen infected A. hypogaea and A. glabrata roots and were sequenced by Hiseq2000.  After removing polyA, adapter and other contaminated sequences, more than 42 million small RNA sequences were obtained for miRNA identification and expression analysis.  A total of 179 known miRNAs and their variants were identified. These known miRNAs contained 147 conserved miRNAs belonging to 21 miRNA families and 32 non-conserved miRNAs. The majority of known miRNAs were up-regulated during pathogen infection in cultivated peanut and this was not observed in wild type peanut. More than 100 novel miRNAs were identified from these four miRNA libraries. Many species specific miRNAs which existed only in cultivated or wild type peanut were discovered. A number of miRNAs showed altered expression after pathogen infection. Target genes of hundreds miRNAs were predicted and the function annotation results demonstrated that a large number of target genes were involved in disease and defense response. Degradome sequencing was carried out to validate the cleaved sites of target transcripts. As a result, more than 14 million clean tags were acquired and 55 miRNAs and their cleavage sites were verified. This work provided valuable information help to understand the roles that miRNAs play in peanut disease resistance. 
Acknowledgement: This work was supported by National Natural Science Foundation of China (31101427).
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Marker-assisted introgression of major QTL showed high resistance to leaf rust in the genetic background of elite peanut cultivars (Arachis hypogaea L.)
MK Pandey1,2, P Janila1, SN Nigam1, P Khera1, MVC Gowda3, N Patne1, M Sriswathi1, and RK Varshney1,4*
1 International Crops Research Institute for the Semi-Arid Tropics, Hyderabad, India

2 USDA-Agricultural Research Service, Tifton, USA

3 University of Agricultural Sciences, Dharwad, India

4 CGIAR Generation Challenge Programme (GCP), c/o CIMMYT, Mexico DF, Mexico

Leaf rust, caused by fungal pathogen Puccinia arachidis, is one of the major devastating diseases and is most prevalent in semi-arid tropics (SAT) regions. Conventional breeding efforts in conjunction with marker-assisted selection provide an effective way to improve rust resistance in groundnut at ICRISAT. An earlier study identified a major QTL controlling rust resistance with phenotypic variance (PV) up to 82.62% using the mapping population TAG 24 (rust susceptible) x GPBD 4 (rust resistant). Furthermore, the QTL associated was stably expressed and associated with rust resistance when validated in a wide range of breeding lines as well as in another mapping population, TG 26 x GPBD 4. Resistance alleles of this QTL were successfully introgressed into three elite groundnut varieties namely ICGV 91114, JL 24 and TAG 24 using the donor GPBD 4 through marker-assisted backcrossing (MABC) approach. IPAHM103 marker, together with three other markers (GM2079, GM1536, GM2301) identified in the same QTL region, were used for foreground selection to identify heterozygous plants. As a result, a total of 200 introgression lines (117 progenies of BC2F5 and 83 of BC3F4) were developed and screened for rust disease reaction in a replicated trial. Sixty eight of these lines have shown equal resistance levels  (with disease score of 2.0 on 0-9 scale) for rust disease as compared to its donor, GPBD 4. In order to select promising lines with improved rust resistance as well as favorable agro-morphological traits, these lines will be subjected to stringent multi-location evaluation in the coming seasons for subsequent release for cultivation.
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Molecular cloning of an annexin gene and expression analysis under different stresses in peanut (Arachis hypogaea L.)

M He, L Liu*, G Mu, M Hou, H Chen, and S Cui 

Department of Agronomy, Agriculture University of Hebei, Baoding, China 071001

Annexins, Ca2+ or phospholipid binding proteins, with many family members are distributed throughout all tissues during plant growth and development. Annexins participate in a number of physiological processes, such as exocytosis, cell elongation, nodule formation in legumes, maturation and stress response.  An open reading frame (ORF) coding for an annexin, designated AnnAh1 (GenBank accession number: HQ424011), was cloned from peanut.  A peptide of 315 amino acid residues was deduced and showed more than 82% homology to the corresponding proteins in soybean, cowpea, Arabidopsis, Medicago and mustard.  The AnnAh1 was ligated into pET-41a (+) and transformed into E. coli competent cell which produced a 36 kD protein consistent with predicted value.  Semi-quantitative RT-PCR assays indicated that AnnAh1 was expressed in roots, stems and leaves.  Gene-expression analysis was conducted under three stress conditions:  1) heavy metal stress by CdCl2, 2) salt stress by NaCl, and 3) simulation drought treatment by PEG.  Results demonstrated that the expression of AnnAh1 were highly up-regulated by PEG treatment from 0 h to12 h; no significant differences were observed under heavy metal and salt treatments which suggest that AnnAh1 may be involved in drought stress response.  
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Dissection of TOR signalling network in peanut

R Zhang1, T Zhou1, Z Meng1, Y Wang1, G Sun1, S Guo1, M Ren1,2*
1Biotechnology Institute, Chinese Academy of Agriculture Sciences

No.12 Zhongguancun South St., Beijing, 100081, China

2School of Life Sciences, Chongqing University. 
NO.174 Shazhengjie, Shapingba, Chongqing, 400030, China 
TOR (target of rapamycin) encodes a large Ser/Thr protein kinase which evolutionally conserved in most eukaryotic species from yeast to mammalian. As a central nutrition and energy sensor, TOR controls protein synthesis, lipid metabolism, growth and development. Many diseases such as cancer and diabetes were caused by malfunction of TOR signaling. It is therefore becoming the focus of study in current Gereatrics and Preventive Medicine. The TOR network is involved in more than 100 genes, has been characterized in yeast and mammalian in this decade, but little is known in plants.  Importantly, autotrophic plants feed by inorganic nutrients and solar energy to generate renewable organic nutrients and energy for feeding most heterotrophic organisms including human. Dissection TOR pathway in plants will greatly contribute to a better understanding of nutrients/energy use efficiency and protein/lipid metabolism in plant.  So far, more than 80 putative components of TOR pathway have been identified through cell biology, proteomics and metabonomics approaches by our group. Thirty of them have shown expectable phenotypes such as nutrition/light-use-efficient and unique feature of protein/lipid metabolism in transgenic plant lines.  Peanut is one of the most important crops for vegetable oil and protein source in the world.  Dissection of TOR signaling in peanut will greatly contribute to the discovery and application of key genes for improving the nutrition/light-use-efficiency and protein/lipid content in peanut.  Additionally, some key tumor suppression proteins such as PTEN, TSC1 and TSC2 have been recently identified in human TOR pathway. Hopefully, peanut cotyledons will become an ideal bioreactor to produce these pharmaceutical proteins.

Key words: Target of rapamycin, functional genomics study, peanut
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Identification of resistance genes to Aspergillus flavus Infection in peanut through genetic and genomic strategies

J Yu1, WC Nierman2, and B Guo3*
1 Southern Regional Research Center, U.S. Department of Agriculture-Agricultural Research Service, New Orleans, LA 70124, USA 
2 The J Craig Venter Institute, Rockville, MD 20850, USA 
3 Crop Protection and Management Research Unit, U.S. Department of Agriculture-Agricultural Research Service, Tifton, GA 31794, USA
Aspergillus flavus and A. parasiticus infect peanut before harvest in the field and after harvest during storage.  These fungal molds produce aflatoxins, the most toxic compounds and the most potent carcinogens.  Contamination of aflatoxins to agricultural commodities such as peanut poses serious health hazard to human and animal and causes significant economic losses in developed countries.  The most cost-effective strategy to minimize aflatoxin contamination involves the development of peanut cultivars that are resistant to fungal infection and/or aflatoxin production.  In order to identify genes that are resistant to Aspergillus infection and/or aflatoxin formation in peanut, a large scale peanut Expressed Sequence Tag (EST) project was carried out and a peanut glass slide oligonucleotide microarray was designed and constructed. The fabricated microarray represents over 40% of the protein coding genes in the peanut genome. For expression profiling, resistant and susceptible peanut cultivars were infected with a mixture of A. flavus and A. parasiticus spores. Gene profiling by microarray analysis identified 62 genes in resistant cultivars that were up-expressed in response to Aspergillus infection. In addition, we identified 22 putative Aspergillus-resistance genes that were constitutively up-expressed in the resistant cultivar in comparison to the susceptible cultivar. Some of these genes were homologous to peanut, corn, and soybean genes that were previously shown to confer resistance to fungal infection. Further studies on the gene expression by RT-PCR demonstrated that the mechanism of peanut resistant to fungal invasion through a combination of genes that were expressed at different time frame to offer resistance.  Further studies by RNA-Seq under infected condition have been planned to decipher the mechanism of resistance at genome scale.  

Keywords: EST; Aflatoxins, RT-PCR, EST, microarray, gene profiling, peanut-fungus interaction, resistance genes, Aspergillus flavus, A. parasiticus
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The inhibitory effect of Bacillus megaterium on aflatoxin biosynthetic pathway gene expression in Aspergillus flavus
Q Kong1*, C Chi1, and J Yu2

1 School of Food Science and Engineering, Ocean University of China, Qingdao, Shandong 266003, China

2 United States Department of Agriculture (USDA), Agricultural Research Service (ARS), Southern Regional Research Center, New Orleans, LA 70124, USA

Aspergillus flavus is one of the major fungal moulds that colonize peanut in the field and during storage. The impacts to human and animal health and to economy in agriculture and commerce are significant since this mould produces the most potent natural toxins (aflatoxins) which are carcinogenic, mutagenic, immunosuppressive, and teratogenic.  A strain of marine Bacillus megaterium isolated from the Yellow Sea of East China was evaluated for its inhibitory effect on aflatoxin formation through inhibiting aflatoxin pathway gene expression in A. flavus as demonstrated by genechip analysis. The results showed that aflatoxin accumulation in potato dextrose broth liquid medium and liquid minimal medium was almost totally (98%) inhibited by B. megaterium.  The inhibitory efficiency on aflatoxin accumulation by B. megaterium, however, was shown slightly reduced (85%~87%) in two peanut varieties due to poor conditions for optimum growth of B. megaterium on the peanut plant compared with that in the liquid medium. The expression of most of the aflatoxin biosynthetic genes in the fungus was confirmed to be inhibited. Some of the gene targets (aflF, aflT, aflS, aflJ, aflX) for inhibition by B. megaterium were identified, which can be used for controlling aflatoxin contamination in peanuts.  The mechanism of inhibition is under investigation.

Acknowledgement: This research was supported by National Natural Science Foundation of China (31000823).
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Identification of quantitative trait loci for phenolics, flavonoids and DPPH radical scavenging activity in cultivated peanut (Arachis hypogaea L.)

S Mondal*, RR Phadke, AM Badigannavar, and SF D’Souza

Nuclear Agriculture and Biotechnology Division, Bhabha Atomic Research Centre

Mumbai 400085, India

Bioactive compounds are extra-nutritional constituents that typically occur in small quantities in foods. The major bioactive compounds in peanut are vitamin E, phenolics and flavonoids. Phenolics and flavonoids compounds are most commonly known for their antioxidant activity. These bioactive compounds are of great importance and are studied extensively in different plant species. In the present study, we have estimated the amount of total phenolics and flavonoids in seeds devoid of testa of a recombinant inbred line population (VG 9514 x TAG 24) of cultivated peanut and studied antioxidant activity in terms of 2,2- Diphenyl-1-picryl hydrazyl (DPPH) radical scavenging activity. Significant variation among the RILs was detected for total phenolics, flavonoids and DPPH radical scavenging activity when they were grown in two seasons (rainy season 2010 and 2011). Based on the correlation study, it was found that phenolics have stronger positive correlation (r = 0.48**) with DPPH scavenging activity than the flavonoids (r = 0.35**). With the objective to identify the quantitative trait loci for the above biochemical traits, a total of 2017 SSRs, 100 ISSRs, 34 RGC and 243 TE markers were screened between the two parents. Linkage analysis based on the segregation data of 212 polymorphic marker loci generated a genetic linkage map with a map distance of 1632 cM in 20 linkage groups. Quantitative trait loci (QTL) analysis based on composite interval mapping detected two QTLs for phenolics, three for flavonoids and four for DPPH scavenging activity. Two common QTLs for DPPH scavenging activity with 10 to 17% phenotypic variation (PVE) were detected by both QTL cartographer and QTLIcimapping in the linkage group A02 and A03 and were localized near to testa color and rust resistance gene, respectively. Further, other two QTLs for DPPH scavenging activity were detected in B03 and B05. The DPPH scavenging activity QTL (QTLDPPH_2010_b03) in linkage group B03 was placed closely to a major QTL for late leaf spot resistance in cultivated peanut and explained 12% phenotypic variation. A total of three QTLs with 19%, 20% and 50% PVE for flavonoids activity were detected in the linkage group A02, B04 and B08, respectively. For phenolics activity in peanut seed, two QTLs in linkage group A03 and B05 contributed 12% and 50% PVE, respectively. The present finding will be helpful for marker assisted selection of superior genotypes in peanut with enhanced bioactive compounds.
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Using Peanut Information Network System (PINS) as an online tool for peanut research

Y-C Hung* and K. Yemmireddy

Department of Food Science and Technology, University of Georgia, 1109 Experiment Street, Griffin, GA 30223, USA.

The Peanut Information Network System (PINS) is a Web-based (www.worldpeanutinfo.com) knowledge center funded by USAID as part of their Feed the Future Food Security Innovation Labs under Collaborative Research on Peanuts.  This Web-based system is designed to distribute information on peanut organizations, publications and training materials and all peanut related information.  The main purpose of PINS is to provide a means for peanut knowledge to be collected and dispersed on a global scale.  In addition to Peanut Science abstracts, APRES conference abstracts and other peanut-related meeting and conference presentations can be found on PINS.  Information covered in this web site ranged from production (production practices, agronomics and fertilization, diseases, pest management, irrigation, harvesting, grading and testing, storage, farming equipment, and others); processing (aflatoxin, postharvest handling, value addition, biodiesel, and others); to consumer interests (nutrition, health, food allergy, peanut-based foods, and others).  All information in this web site can be accessed by navigating the site menus or by keyword searches using a Google site search.  PINS is updated weekly and site users are also able to contribute information to PINS via a submission site located on the main page of the site.  A computer demonstration on PINS and how to access information on PINS will be presented at the meeting.
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Study on Processing Characteristics and Quality Evaluation of Peanut Varieties
Qiang  Wang *, Li Wang, Hongzhi Liu, Li Liu

Institute of Agro-products Processing Science and Technology, Chinese Academy of Agricultural Sciences; Key Laboratory of Agro-products Processing, Ministry of Agriculture

Peanut resources are rich in China, but only few varieties are utilized. This status seriously restricts the healthy and full development of peanut processing industry. Therefore, it’s necessary to establish a rapid non-destructive testing (NDT) technology and an evaluation criterion for peanut quality, and finally to estimate the processing suitability of peanut varieties scientifically. In this research, peanut qualities, including sensory quality, physicochemical quality and processing quality, and its products quality were studied systematically. 8832 quality-related parameters were obtained by analyzing the quality of peanut and their products. And based on the correlation analysis and significant evaluation, the correlation models between peanut qualities and its products including gelatinous protein, soluble protein and peanut oil were established using supervised principal component analysis, regression analysis, cluster analysis, step analysis and other statistical methods. According to these models, the processing suitability criteria for peanuts were obtained through clustering analysis. Combined with these model and criteria for different peanut varieties, the evaluation index system of peanut was built. And through this system, several peanut breeds for specific products were screened and their DNA fingerprints were constructed by simple sequence repeat (SSR). All these results illustrated the relationship between DNA fingerprints and peanut processing suitability for peanut varieties. Our research achievements will contribute to the cultivation of special peanut varieties for breeding experts, the foundation of peanut industrial base for entrepreneurs, and the improvement of planting configuration for farmers, respectively. 
Keywords: peanut; quality evaluation; processing suitability; special varieties
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Peanut genetic enhancement through pre-breeding and genomics
S Sharma*, N Mallikarjuna, HD Upadhyaya, and RK Varshney 

International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Patancheru-502324, Andhra Pradesh, India.
Limited genetic diversity in peanut is one of the major factors limiting peanut improvement. Wild Arachis species harbor genes/alleles for important traits, especially for resistances to important biotic and abiotic stresses and provide opportunity for genetic improvement of cultivated peanut. Although there are 80 species in the genus Arachis, including the cultivated A. hypogaea, most of these are cross-incompatible with cultivated peanut due to the differences in the ploidy levels and failure of post-zygotic embryo development, thus hindering the introgression of useful genes from wild Arachis species into cultivated peanut in addition to linkage drag. At ICRISAT, several amphiploids and autotetraploids have been synthesized by using various A- and B- genome species to create genetic variability for use in peanut improvement. The availability of these new sources of tetraploid peanut provides opportunity for harnessing the rich biodiversity of wild relatives. Further, accelerated development of genomic resources such as development of molecular markers, genetic and physical maps, generation of expressed sequenced tags (ESTs), development of mutant resources, and functional genomics platforms would facilitate the identification of QTLs and discovery of genes associated with tolerance/resistance to abiotic and biotic stresses and agronomic traits. Pre-breeding has been initiated by using these tetraploid peanut in crossing programs with cultigens to develop genome-wide introgression lines which would facilitate the identification of genomic regions responsible for traits of interest that will further accelerate the use of these resources for peanut improvement.
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Can wild relatives improve drought related traits on peanut?

SCM Leal-Bertioli1*, U Cavalcante1,2, K Dantas1, B Vidigal1,2, IB Carvalho1,2, V Vadez3, ACM Brasileiro1, PM Guimarães1, MM Moretzsohn1, DJ Bertioli2, and ACG Araujo1
1 Embrapa Genetic Resources and Biotechnology, Brasília–DF, Brazil

2 Department of Cell and Molecular Biology, University of Brasília, Brasília, DF, Brasil

3 ICRISAT Patancheru, India.
Wild relatives of crop species are useful for improving cultigens. For peanut, the use of wild species has been through creation of synthetic allotetraploids, compatible with the cultivated species. Over the past years several new synthetics have been made. Their utilization for improving resistances to biotic stresses is well established and has met success. However, since tetraploids differ dramatically from their diploid progenitors, their usefulness for improving the response to abiotic stresses is less clear. We have previously observed that several characters in wild species significantly changed after allotetraploidization, reverting to a state closer to that of cultivated peanut. Characters evaluated were drought-related: anatomical and physiological, concluding that drought-related characters should be preferentially evaluated on synthetic allotetraploid plants rather than in wild parentals. Subsequently, using six different combinations of wild diploids and their derivative tetraploid synthetics, we measured drought related characters: SLA, SCMR, chlorophyll content, leaf morphology, transpiration per leaf area (TR/LA, a proxy of stomata conductance). In all cases, and for all characters, tetraploidy changed diploid features, e.g., it dramatically increased the transpiration rate. In particular, TR/LA in diploids was lower than in cultivated peanut, showing higher potential for water conservation under high evaporative demand (related to higher TE). All synthetics showed intermediate TR/LA under high evaporative demand: higher than both parentals but lower than cultivated. It shows a more conservative behavior, and probably higher TE than peanut.  We conclude that wild species of Arachis can offer alleles that widen genetic basis and improve drought related characters in peanut.

Financial support: Embrapa, CNPq, Peanut Foundation and Generation Challenge Program TL1.
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Genetic and genomic research for enhanced oil content in peanut

B Liao*, Y Lei, J Huang, L Huang, X Ren, L Yan, H Jiang, W Hua, and S Liu

Oil Crops Research Institute (OCRI) of Chinese Academy of Agricultural Sciences (CAAS), Wuhan, Hubei, 430062, China

Peanut (Arachis hypogaea L.) is an important source of vegetable oil in the world. In China, peanut is just second to rapeseed in terms of oil production among the domestic oilseed crops even though only 55% of the peanut production is crushed for oil. Further enhancing oil content of peanut cultivars is still crucial for improving the productivity of arable land and processing benefits to the industry. Based on investigations among the peanut germplasm collections including wild Arachis species, the oil content of some materials were as high as 65% even that of the released cultivars ranged from 47% to 58% in China. Heterosis has been observed for oil content in hybrids derived from diverse crossing parents. Segregates with enhanced oil content could be obtained by pyramiding different genes or alleles with major and minor additive effects. Improved testing techniques for oil content in breeding lines with reduced cost have accelerated the breeding program. SSR markers associated with oil content have been identified by association analysis. The stability of oil content in peanut across seasons and locations is highly associated with cold tolerance, high nutrition efficiency and drought tolerance. High oil peanut lines with improved resistance to aflatoxin production have been developed. The high oil content and cold tolerance in certain wild Arachis species would be of great value for the genetic enhancement of peanut. Comparative study among various oilseed crops for oil synthesis and accumulation based on genomic sequencing would lead to enhanced oil content through more efficient genetic manipulation.
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Bulked segregant analysis (BSA) to rapidly identify SNPs linked to the resistance of bacterial wilt in peanut
G He1*, Y Zhao1, W Zhuang2, Y Mei3, R Nipper4, C S Prakash1

1 Tuskegee University, Tuskegee, AL, USA
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Nearly 10,000 SSRs have been identified in peanut by various research groups around the world. In a recent comprehensive review of such markers, we found that only 14.5% of SSRs detected polymorphism in peanut germplasm. This paucity of polymorphic genetic markers in peanut has severely limited the use of marker-assisted selection (MAS) in peanut breeding programs. With the goal of rapidly identifying DNA markers tightly linked to bacterial wilt resistance for MAS in peanut, we used restriction-site associated DNA (RAD) markers along with bulked segregant analysis (BSA) to analyze an F7 RIL population derived from a cross between Yueyou92 x Xinhuixiaoli. DNA samples of the 30 most-resistant individuals from the RIL population were combined to form a ‘resistant DNA bulk’ and in the same way DNAs of the most susceptible individuals formed a ‘susceptible DNA bulk’. Libraries were prepared and barcoded for the bulked DNA samples along with DNAs from the resistant and susceptible parents. Among 14,778 variable loci, 1,147 SNPs were polymorphic between two of the parents, including several SNPs that distinguish the susceptible and resistant bulks and are inferred to co-segregate with disease resistance. Construction of a genetic linkage map using 1,147 SNPs and putative SNPs associated with resistance will be pursued, and the results will be discussed. This combination of BSA with RAD provides an opportunity to increase genetic power and thereby gain insights into targeted regions of the peanut genome associated with disease resistance traits. The tightly linked markers could be potentially be used in peanut breeding using MAS.
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Identification of peanut chromosomes by sequential FISH

P Du, X Zhang, L Li, B Huang, W Dong, F Tang, and S Han
Industrial Crops Research Institute, Henan Academy of Agricultural Sciences / Key Laboratory of Oil Crops in Huanghuaihai Plains, Ministry of Agriculture / Henan Provincial Key Laboratory for Oil Crops Improvement, Zhengzhou 450002, China

Peanut (Arachis hypogaea L., 2n=4x=40）belonging to section Arachis is one of the most important sources of dietary protein and high quality edible oil in the world. Chromosomal data have played a pivotal role in creating and characterizing new materials of peanut. In order to studying the distribution of Mononucleotide and dinucleotide repeat sequences in peanut chromosomes and increasing more physical markers to identify peanut chromosomes, sequential FISH have been conducted in this study through stained repeated sequence, rDNA probes, and DAPI banding on a same slide. The results showed that in the centromeric zone of peanut chromosomes, the A genome was rich in (A) repeats, the B genome was rich in (AC) repeats, and both genomes were uniform in (C) repeats. There are (AC) and (C) repeats near the centromeric zone while few of these repeats were found within or near the terminal region.  A karyotype of peanut chromosomes was established and about 16 pairs of the chromosomes could be identified based on present study.
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Digital gene expression profiling of genes related to peanut root-knot nematode resistance

H Wang1, Y Qi2, G He3, X Wang4, S Li1, Y Ren1, Y Shi1, S Yu1, and M Yuan1*
1 Shandong Peanut Research Institute, Shandong, China

2 Nancong Academy of Agricultural Science, Nancong, China

3 Tuskegee University, Tuskegee, AL, USA
4 Shandong Academy of Agricultural Science, Ji’nan, China
In order to identify gene expression patterns of peanut root-knot nematode resistance, three samples from 0, 5, 10 DAI (day after inoculation) of H22, which are susceptible to northern root-knot nematode, Meloidogyne hapla, were used for digital gene expression tag profiling. 4,499,637, 4,770,791 and 4,508,944 clean tags were obtained from H225C, H225I and H2210I, respectively. 4513 genes were differentially expressed between H225I and H2210I, of which 2885 were up-regulated and 1628 were down-regulated. 4225 DEGs (differentially expressed genes) were obtained from H225C and H2210I, of which 2398 were up-regulated genes, and 1827 were down-regulated genes. GO analysis for H225C vs. H2210I showed that DEGs were significantly enriched  in ribonucleoprotein complex organelle lumen, intracellular organelle lumen, ribosome ribosomal subunit, structural molecule activity, antioxidant activity, nuclear part, response to chemical stimulus, response to organic substance, response to endogenous stimulus, response to hormone stimulus, and response to stress. KEGG analysis indicated that differentially expressed genes involved in ribosome metabolic pathways, plant-pathogen interaction, amino sugar and nucleotide sugar metabolism and arginine and proline metabolism. The data will be useful for better understanding the molecular mechanism of peanut resistance to root-knot nematode.
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Germplasm lines with biotic and abiotic stress resistances derived from Arachis cardenasii Krapov. & W.C. Gregory for peanut improvement
SP Tallury1*, TG Isleib1, SC Copeland1, D Singh2, PR Anderson1, M Balota2, and HT Stalker1

1 Department of Crop Science, N.C. State University, Raleigh, NC 27695-7629, USA
2 Virginia Tech, Tidewater Agricultural Research and Extension Center, Suffolk, VA 23437, USA
It is widely accepted that peanut diseases impair yield as well as quality of pods resulting in lower net profit to the growers.  Consequently, host plant resistance is viewed as a logical option to develop genetic resistance to the most common peanut diseases.  Because of their cross-compatibility to the cultivated peanut, Arachis hypogaea L., diploid wild species from section Arachis have been the most commonly used genetic resources of resistance genes for peanut improvement.  Two tetraploid peanut germplasm lines, SPT 06-06 and SPT 06-07, derived from interspecific hybridization were developed in the peanut genetics program at North Carolina State University, Raleigh, NC.  These two lines were tested extensively by the North Carolina Agricultural Research Service (NCARS) from 2006 to  2012 in disease evaluation tests.  They have unique alleles introgressed from the diploid wild species, Arachis cardenasii Krapov. & W. C. Gregory (GKP 10017; PI 262141). The germplasm lines are also unique in that they exhibited multiple disease resistances superior to the earlier released germplasm lines derived from A. cardenasii.  Resistance to multiple diseases included early leaf spot (ELS), Cylindrocladium black rot (CBR), Sclerotinia blight (SB), and tomato spotted wilt (TSW).  Additionally, SPT 06-07 exhibited resistance to abiotic stress in field and greenhouse tests in 2011 and 2012 with superior physiological and metabolic activity during the water deficit stress.  It exhibited the greatest maintenance of healthy leaves under severe water-deficit which presumably may result in greater initial recovery of physiological function after re-watering.  SPT 06-07 also had the lowest epidermal conductance in field tests indicating that it could be well suited for severe drought environments. SPT 06-07 maintained the highest SPAD chlorophyll reading, specific leaf area, fatty acid content, and efficiency of the photosystem II (least Fv/Fm ratio decrease) compared to the other cultivars and experimental lines in rainfed field trials.  Thus, these two tetraploid peanut germplasm lines have multiple biotic stress resistances, specifically for ELS, CBR, SB, and TSWV and SPT 06-07 also exhibits abiotic stress resistance with superior recovery from water stress.   These two lines should provide unique, improved germplasm for breeders interested in multiple disease resistance and also to expand the germplasm pool of A. hypogaea.   
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Regulation of calcium on the development of peanut (Arachis hypogaea L.) pods
X-G Li1,2*, F Guo1,2, J-J Meng1,2, and S-B Wan1**
1  High-Tech Research Center of Shandong Academy of Agricultural Sciences, Ji’nan, 250100, China 

2  Shandong Provincial Key Laboratory of Crop Genetic Improvement, Ecology and Physiology, Ji’nan, 250100, China

As one of the macroelements, calcium (Ca) is involved in many physiological processes of plants, such as germination, growth, differentiation, flowering and fruiting.  Peanut (Arachis hypogaea L.) is one of the most important oil-crops in the world, and one of calciphilous plants. Free Ca2+-deficient soil can result in unfilled pods.  However, it is seldom mentioned how Ca2+ regulates embryogenesis, especially related to  pod development. Four stages of pods were analyzed to determine the relationship between Ca2+ and pod development where: the peg just entered the soil (Stage 1), tip of the peg initiated expansion (Stage 2), beginning of pod reticulation (Stage 3), and when the pod was clearly reticulated (Stage 4), respectively, used to analyze.   The noninvasive microtest technique (the NMT system BIO-IM; YoungerUSA, LLC, Amherst, MA) was used to detect net fluxes of Ca2+ at different seed tissues of different stages. Peanut shells showed Ca2+ excretion at all four stages; however, both the embryo of Stage 4 and the red skin of Stage 3 and Stage 4 showed Ca2+ absorbance. These results showed that embryo and red skin of peanut need Ca2+ during development.   Environmental signals trigger rapid and transient increases in cytosolic Ca2+.  The alteration in the level of Ca triggers a full range of signal transduction pathways through high-affinity, Ca-binding proteins such as calmodulin (CaM) and calcium-dependent protein kinase (CDPK).  Proteomics analysis showed that there are 12 Ca2+-related proteins present during pod development, of which the full length of the amino acid sequence are known eight of the proteins. Peanut transcriptome high-throughput sequencing showed that expressions of Ca2+-related protein genes changed during different developmental stages. These results showed that Ca2+-signaling transduction pathway may be involved in pod development.
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Abstract 39 
Acceleration of peanut breeding programs by molecular marker assisted selection

Y Chu1*, P Ozias-Akins1, and CC Holbrook2 

1 Department of Horticulture, The University of Georgia, Tifton Campus, GA 31793-0748 USA 2  USDA-ARS, Tifton, GA 31793, USA

Peanut breeding has played a significant role in yield increases and disease control.  Conventional breeding focuses on field selection and phenotypic analysis and it typically takes 12-15 years before a new cultivar can be released.  Molecular markers developed from sequencing data can be of great use to shorten the peanut breeding cycle.  As an example, molecular markers for two qualitatively inherited traits, high oleic acid and nematode resistance, were developed and applied in large scale breeding programs to integrate both traits into elite peanut cultivars.  The high oleic trait is governed by two recessive genes ahFAD2A and ahFAD2B encoding for a delta-12-desaturase.  Inactivation of both genes is necessary for expression of the high oleic trait.  Peanut cultivars grown in the southeastern US largely possess the mutant allele of ahFAD2A; therefore, our breeding program has been targeted at selecting for the ahFAD2B mutation.  Nematode resistance was introgressed from A. cardenasii, a wild diploid species related to peanut.  A large introgressed chromosomal region on LG9A was found to confer the resistance.  Molecular markers tightly linked to this introgressed region were used in our breeding program.  High accuracy and reliability of the molecular markers were confirmed by phenotypic data.  By using a backcross strategy, a nematode resistant cultivar Tifguard was converted to ‘high oleic Tifguard’ in only 26 months.  The detection platform for both markers was upgraded from CAPS and SSR markers to high resolution melting curve and KASPar assays which greatly improves the throughput, accuracy and efficiency of marker assisted selection.  As the peanut genomic sequencing data becomes available, more genetic traits of peanut can be mapped and converted to user friendly markers for peanut cultivar development.

*Email:  ychu@uga.edu  
Abstract 40 

Integrated molecular breeding for enhanced resistance to diseases and quality parameters in peanut

P Janila1*, RK Varshney1, 2, MK Pandey1, HD Upadhyaya1, V Vadez1, HK Sudini1, P Nagesh1, and SN Nigam1 

1 International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Patancheru, India

2 CGIAR Generation Challenge Programme (GCP), c/o CIMMYT, DF 06600, Mexico

Among the biotic factors that limit peanut yields and lower quality, foliar fungal diseases (rust, late leaf spot and early leaf spot) are important. They cause 15-20 % of yield losses in Asia and Africa, which together account for over 96% of global peanut area according to FAOstat published in 2010. Following identification of a major QTL explaining over 80% phenotypic variability for rust resistance from the parent GBPD 4, introgression lines were derived in the background of three popular varieties through marker assisted backcrossing (MABC). Subsequently, a major QTL was also identified for resistance to late leaf spot (LLS) from the same parent. A gene pyramiding program was initiated to improve their resistance for both rust and late leaf spot using elite drought tolerant and high oil containing genotypes as recurrent parents. The O/L (Oleic to Linoleic acid) ratio in normal peanut is about 2, however, in case of FAD (Fatty Acid Desaturase) gene mutants it can go as high as >20. Two homeologous genes (FADA and FADB) encoding for desaturase are located on the A and B genomes, respectively. Marker-assisted backcrossing (MABC) was initiated to enhance O/L ratio of six elite genotypes that have >50% of seed oil content. Both, Allele specific and Cleaved amplified polymorphic sequence (CAPS) markers were validated. Allele-specific markers differentiated the genotypes possessing mutations in A and B genomes and were used for confirmation of F1 plants as well as for foreground selection to select heterozygotes among backcrossed BC1F1, BC2F1 and BC3F1 plants. CAPS are co-dominant in nature and clearly differentiated the homozygotes and heterozygotes at both the loci in BC2F2 populations.  Mapping populations are also under development to identify QTLs for traits governing seed oil concentration, high iron and zinc accumulation in peanut seeds, and water use efficiency traits. A crossing program involving 16 elite parents, was initiated in half-dialle mating design to derive MAGIC (Multiparent advanced generation intercross) population. In order to exploit the recent advances in peanut genomics , efforts have been initiated at ICRISAT to apply genomic selection tools in breeding, in this direction, a training population has been developed that includes about 300 elite breeding lines for which historical data on their performance has already been compiled. 
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Peanut genomics research program evaluation: Updating research priorities, milestones and budget needs

RF Wilson

The Peanut Foundation (USA); 5517 Hickory Leaf Drive, Raleigh, North Carolina, USA.  

Successful research Initiatives follow a three step process that helps keep their activities in the spotlight with stakeholders and investors. It begins with forums for communication such as AAGB-2013. Next, a comprehensive strategic foundation is needed for implementing research that addresses stakeholder needs. Then, return-on-investment is demonstrated by impact of accomplishments that are relevant to objectives in the strategic plan. This process affords program transparency and accountability; attributes that helped secure the funding needed to launch the Peanut Genome Project. At this time, the IPGI has a Strategic Plan. High-quality research is evidenced by the presentations at AAGB-2013. IPGI also has a process for annual evaluation of program progress. Now, we must act to ensure our stakeholders and sponsors are aware of the great progress that is being made toward strategic goals. Facilitated breakout sessions will be convened to review the performance measures under each strategic goal of the IPGI plan, and to gather input on most significant accomplishments, publications and milestones achieved in 2012 to 2013. Each group will present a summary report in General session. This information will be integrated into an annual Accomplishments report with an annual program rating. After a comment period, this document will be posted on-line and distributed to our stakeholders. Helping our stakeholders see a return on their investment is a proven path toward future funding opportunities.
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Assessment of De Novo assemblers in cultivated tetraploid and wild diploid peanut species  

R Chopra1, G Burow2, A Farmer3, J Mudge3, CE Simpson4, T Wilkins1, and MD Burow1,5,* 
1 Department of Plant and Soil Science, Texas Tech University, Lubbock, TX 79409, USA 
2 USDA-ARS-CSRL, Lubbock, TX 79415, USA
3 National Center for Genome Resources, Santa Fe, NM 87505, USA

4 Texas A&M AgriLife Research, Stephenville, TX 76401, USA
5 Texas A&M AgriLife Research, Lubbock, TX 79403, USA
Advances in sequencing technologies have provided ample opportunities to study transcriptomes with reasonably lower costs. For non-model organisms such as Arachis lacking a well-defined genome sequence, it is very important to have a good transcriptome. Currently, the transcriptome assemblies in Arachis report 37,000 to 54,000 contigs in tetraploids with N50 values of 500-751bp. In this study we have assembled about 40 million reads in tetraploids (TamRunOL07) and 20 million reads in diploids (38901 and 30076). We used two different de novo assemblers, Trinity and AByss, which use single kmer and multiple kmer, respectively.  The assembly of the sequences provided higher N50 values 1000-1535bp in A. hypogaea (AABB), 1239-1401bp in Arachis duranensis (AA) and 800-1000bp in A. ipaensis (BB) compared to current assemblies. After optimization of the assembly parameters, 75-80% of assembled transcripts matched published ESTs of Arachis and related legume species such as Glycine max, Medicago trunculata, or Lotus japonica.  A set of well studied gene sequences in tetraploid peanut were compared with the diploid sequences and the alignment elucidated very low sequence divergence between the homoelogous genes.  These assemblers were efficient in separating out the homoelogs and paralogous genes. These newer assemblies will be utilized for better SNP selection, expression analysis and potentially help us address some of the concerns of the polyploidy in peanut.
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Development of functional molecular markers for key agronomic and quality traits in cultivated peanut, using next-generation sequencing technologies
DJ O’Connor1*, RJ Henry2, GC Wright3, RCN Rachaputi2, and A Furtado2
1 Queensland Alliance for Agriculture and Food Innovation (QAAFI), The University of   Queensland, Australia
2 QAAFI, The University of Queensland, Australia
3 Peanut Company of Australia

Australian Peanut Genetic Improvement Program (APGIP) has traditionally relied on a pedigree breeding system for the discovery and commercial release of improved peanut varieties for Australia growers over the past 40 years.   However, the introduction of marker assisted selection (MAS) may offer the program additional tools to improve the efficiency of multiple trait selection and lead to an improved peanut breeding system.  The aim of this project is to discover SNP markers in the Australian germplasm for a number of key peanut breeding traits, including foliar disease resistance (combined leaf spot, leaf rust and web blotch), high oleic fatty acid, total oil content, blanchability (propensity of the testa to be removed from the kernel following rapid heat treatment) and pod moisture dry down, using next generation sequencing technologies.  These markers will provide the basis for the implementation of MAS in the APGIP. This project will aim to link with international research being conducted within the Peanut Genomics Project (PGP) and build on new technologies developed within the PGP.  Current phenotyping techniques, for the five key traits listed above, can be slow and laborious.  Rapid phenotyping has been identified as a bottleneck to the successful implementation of MAS and a major part of this project will be to enhance current phenotyping techniques to ensure that any discovered markers can be used effectively in a commercial breeding program.
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Abstract 44 
K 1501, a high yielding large seeded virginia bunch groundnut variety with multiple resistance for biotic and abiotic traits developed at agricultural research station, Kadiri, AP. India 

KSS Naik*, A Prasanna Rajesh, K Vemana, NC Venkateswarlu, D Sampath Kumar, E Chandrayudu,  DL Reddy, T Sankara Narayana, and TE Seshadri Goud 
Agricultural Research Station, Acharya N.G. Ranga Agricultural University, Kadiri 515591, AP. India

Groundnut (Arachis hypogaea L.) is the most important edible oil seed crop of India, Large-seeded varieties are likely to attract a premium price in the world market of edible nuts. Efforts made in the development of confectionary groundnuts at the national level yielded the large seeded genotypes TPG41, TKG 19A and Somanath. But these have less resistance for pests and diseases than other varieties. For fulfilling these needs, K1501 is a high yielding large seeded variety with multiple resistant for biotic and abiotic traits developed at Agricultural Research Station, Kadiri, AP, India by crossing Kadiri 4 with ICGV930179/P2 during 1998. The F1 was advanced to F2 (1999) and selection (K1501) was made during 2000. K1501 gave mean pod and seed yields of 2175 and 1576 kg/ha with an increase of 60.7 and 84.7% over check ICGV86564 when evaluated at Kadiri over 7 years (2003-2009). It was also evaluated in the AICRPG trials over 7 locations for 3 years (2008-2010) in different states of India, where its mean pod and seed yields were 2201 and 1482 kg/ha, with an increase of 30.0, 18.8, 75.4, 25.8, 49.6 and 34.7, 23.1, 73.9, 29.2, 53.3 over large seeded check varieties, BAU13, M 13, TPG 41, Somanath and TKG 19A, respectively. The disease incidence is low in K1501 for: rust (3.8) against 4.0 (TPG 41), 4.5 (TKG 19A), ELS(3.5) against 4.1 (M 13), 4.9 (TKG 19A);  LLS(5.1) against 5.2 (TPG 41), 5.4(Somanath); peanut stem necrosis disease (9.2) against 18.1 (TPG 41), 14.8 (Somanath); collar rot (8.1) against 18.9(BAU 13), 17.6(M 13), 8.4(Somanath), 10.3(TKG 19A); and stem rot(11.7) against 16.1(BAU 13), 14.1 (TPG 41).
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Abstract 45 
Identification of differentially expressed genes from developing seeds of a normal oil peanut cultivar and its high oil EMS mutant

YY Tang1, XZ Wang1, Q Wu1, CQ Fang1, SY Guan2, WQ Yang1, CT Wang1*, and PW Wang2*

1 Shandong Peanut Research Institute,  Licang District, Qingdao 266100, PR China
2 Jilin Agricultural University,  Nanguan District, Changchun 130118, PR China
 To isolate differentially expressed peanut genes potentially related to oil accumulation, we examined the gene expression on 40 and 47 days after flowering (DAF) in developing seeds of Huayu 22, a normal oil peanut cultivar with 49.5% oil, and its high oil chemical mutant, O1, with 60.9% oil, using genefishing technology. All differentially expressed bands were selected, cloned and checked by colony PCR prior to sequencing. A total of 40 genes were obtained, with 27 unigenes from 40 DAF and 13 from 47 DAF. A homology search for their nucleotide sequences revealed that 20 unigenes (17 from 40 DAF, 3 from 47 DAF) are highly homologous to known sequences of genes for oil biosynthesis, energy metabolism, signal transduction, and stress response, and some genes have not been implicated previously in oil synthesis. Three differentially expressed genes encoding thioredoxin, oleosin and transaldolase, respectively, were further confirmed by real-time quantitative PCR.
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Abstract 46 
Construction of a high-density genetic linkage map in peanut using SSR markers
X Ren, L Huang, Y Chen, X Zhou, B Liao, and H Jiang*
Oil Crops Research Institute (OCRI) of Chinese Academy of Agricultural Sciences (CAAS), Wuhan, Hubei, 430062, China

Molecular markers and genetic linkage maps are crucial for molecular breeding in any crop species including peanut. The aim of this study is to develop a high-density genetic linkage map based on simple sequence repeat (SSR) analysis of the cultivated peanut. A F2 population with 267 plants derived from a cross with Zhonghua 10 and ICG 12625 as parents was used to construct genetic linkage map. Many SSR markers including 1,800 available from previously published reports worldwide and 1,000 developed from a cDNA library constructed at the author’s laboratory (unpublished) were screened on the two parental genotypes. As a result, a total of 421 (15.04%) polymorphic SSR markers were identified for the two parents and the F2 segregating lines. Three hundred sixty eight SSR markers were mapped into 20 linkage groups (LGs) which would represent the 20 chromosomes of A. hypogaea. Total length of the map was 1,742 cM, with an average genetic distance of 87.1 cM. The average marker density was 4.73 cM. Comparison of this map with the diploid AA and BB genome genetic linkage maps published by other researchers, indicated that some linkage groups from this study could be distinguished for their relationship with the AA or BB genome. 
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Abstract 47
Overexpression of peanut diacylglycerol acyltransferase 2 in Escherichia coli
Z Peng1,2*, L Li3*, L Yang1,2, B Zhang1,2, G Chen1,2, and Y Bi1,2,3*
1 High-Tech Research Center, Shandong Academy of Agricultural Science, Jinan 250100, China

2 Shandong Provincial Key Laboratory of Crop Genetic Improvement, Ecology and Physiology, Jinan, 250100, China

3 College of Life Science, Shandong Normal University, Jinan 250014, China

Diacylglycerol acyltransferase (DGAT) is the rate-limiting enzyme in triacylglycerol biosynthesis in eukaryotic organisms. Triacylglycerols are important energy-storage oils in plants such as peanuts, soybeans and rape. In this study, Arachis hypogaea type 2 DGAT (AhDGAT2) genes were cloned from the peanut cultivar ‘Luhua 14’ using a homologous gene sequence method and rapid amplification of cDNA ends. The two AhDGAT2s were expressed as glutathione S-transferase (GST) fusion proteins in Escherichia coli Rosetta (DE3). Following IPTG induction, the isozymes (AhDGAT2a and AhDGAT2b) were expressed as 64.5 kDa GST fusion proteins. Both AhDGAT2a and AhDGAT2b occurred in the host cell cytoplasm and inclusion bodies, with larger amounts in the inclusion bodies. Overexpression of AhDGATs depressed the host cell growth rates relative to non-transformed cells. Interestingly, induction of AhDGAT2a–GST and AhDGAT2b–GST proteins increased the sizes of the host cells by 2.4–2.5 times that of the controls (post-IPTG induction). The total fatty acid (FA) levels of the AhDGAT2a–GST and AhDGAT2a–GST transformants, as well as levels of six kinds of FAs, increased markedly, whereas C15:0 and C21:0 levels were lower than in non-transformed cells or those containing empty-vectors. In addition, the levels of some FAs differed between the two transformant strains, indicating that the two isozymes might have different functions in peanuts. This is the first time that a full-length recombinant peanut DGAT2 has been produced in a bacterial expression system and the first analysis of its effects on the content and composition of fatty acids in E. coli.
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Abstract 48 
Contrasting expression pattern of LOX genes in peanut
J Huang, Y Lei, L Yan, L Wan, X Ren, H Jiang, and B Liao*
Oil Crops Research Institute (OCRI) of Chinese Academy of Agricultural Sciences (CAAS), Wuhan, Hubei, 430062, China

Aflatoxin contamination in certain agricultural products including peanut poses an increasing health threat to both human and animals. Elucidation of the host resistance mechanism and subsequent resistant variety development is considered to be the most cost-effective method to solve this problem. Lipoxygenase genes (LOX) are involved in host-Aspergillus interaction and are of potential utilization for aflatoxin contamination management. In this study, 8 new peanut LOX genes along with three previously identified LOX were isolated, and their full length sequences were cloned and designated Arachis hypogaea LOX 4-11(AhLOX4-11). Bioinformatic analysis indicated that LOX have different subcellular location and different expression pattern in response to biotic and abiotic stresses. AhLOX4 gene is constitutively expressed. The expression of AhLOX7 was induced by drought, salt and ABA treatment while AhLOX10 expression was greatly enhanced by salicylic acid treatment and Ralstonia solanacearum challenge. The other LOX genes such as AhLOX5, AhLOX6, AhLOX8, AhLOX9 and AhLOX11 were induced by salicylic acid, jasmonic acid, salt, cold and submergence treatments. The seeds from peanut varieties resistant or susceptible to aflatoxin contamination were infected with Aspergillus, and the overall LOX enzyme activity in susceptible peanut variety Zhonghua 12 is significantly higher than that in resistant one (Zhonghua 6). All LOX genes expressed in peanut seeds were inhibited for 3 days after fungal infection. Gene sequence analysis indicated that there were no significant amino acid difference of AhLOX1, AhLOX2-3, AhLOX10 isolated from both Zhonghua 6 and Zhonghua 12, while the gene expression was significant different between them, indicating that LOX gene might play a crucial role in aflatoxin resistance in peanut.
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Abstract 49  
Association mapping for resistance to abiotic and biotic stresses and agronomically important traits in peanut (Arachis hypogaea L.)

MK Pandey1,2, HD Upadhyaya1, A Rathore1, V Vadez1, MS Sheshashayee5, M Sriswathi1, M Govil1, MVC Gowda4, VA Kumar1, P Khera1, R S Bhat4, E Monyo6, and RK Varshney1,3*
1 International Crops Research Institute for the Semi-Arid Tropics, Hyderabad, India

2 USDA-Agricultural Research Service, Tifton, USA

3 CGIAR Generation Challenge Programme, c/o CIMMYT, Mexico DF, Mexico

4 University of Agricultural Sciences, Dharwad, India

5 University of Agricultural Sciences, GKVK, Bangalore, India

6 International Crops Research Institute for the Semi-Arid Tropics, Lilongwe, Malawi

Peanut is an important nutritious agricultural commodity and mainstay to livelihood of small-holder farmers of semi-arid tropics (SAT) regions of world which is facing serious threats from several stress factors. Integration of genomics tools with ongoing conventional breeding approaches are expected to facilitate development of improved cultivars more efficiently within a short time. Therefore, large scale genotyping data (4597 DArT features and 154 SSRs) and multiple season phenotyping data (518 component traits for 51 agronomical important traits) were generated on the reference set or mini-core collection of ICRISAT. Detailed analyses were undertaken on genetic diversity, population structure, linkage disequilibrium (LD) decay and comprehensive marker-trait association (MTA). For instance, unique allele to a single genotype (molecular Id) could be identified for 273 genotypes for easy differentiation using single SSR marker while in combination of two or more than for 31 remaining genotypes. As expected, DArT features (2.0/locus, 0.16 PIC) showed lower allele frequency and polymorphic information content (PIC) than SSRs (22.21/locus, 0.71 PIC) but both marker types clearly differentiated the genotypes of diploids from tetraploids. Multi-allelic SSRs identified three sub-groups (K = 3) while the LD simulation trend line based on squared-allele frequency correlations (r2) predicted LD decay of 35 cM in peanut genome. Detailed analysis identified a total of 524 highly significant MTAs with wide phenotypic variance (PV) range (5.81-90.09%) using Q-matrix and P3D mixed linear model with optimum compression in addition to most stringent Bonferroni multiple test correction for 29 traits. After validation, these MTAs may be deployed in improving biotic resistance, oil/ seed/ nutritional quality, drought tolerance related traits, and yield/ yield components.
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Abstract 50 
Development and utility of cost-effective SNP genotyping platform for genetics research and breeding applications in peanut

P Khera1, M Sriswathi1, M Roorkiwal1, MK2, HD Upadhyaya1, P Janila1, P Ozias-Akins2, and RK Varshney1,3* 
1 International Crops Research Institute for the Semi-Arid Tropics, Hyderabad, India

2 USDA-Agricultural Research Service, Tifton, USA

3 CGIAR Generation Challenge Programme, c/o CIMMYT, Mexico DF, Mexico

Next generation sequencing and faster genotyping technologies have led to the development of a range of SNP genotyping platforms such as VeraCode, GoldenGate or Infinium assays of Illumina, dynamic allele-specific hybridization (DASH), arrayed primer extension reaction (APEX) and competitive allele-specific PCR (KASPar) assays. KASPar assays however seem to be the most promising cost-effective genotyping platform especially when only a few SNPs need to be genotyped with only few samples. Therefore, a set of 96 SNPs identified in cultivated peanut lines at UGA, was used for developing Groundnut KASPar Assay Markers (GKAMs). GKAMs were validated on a set of 94 genotypes that includes parental lines of mapping populations and wild genotypes. High quality SNP calling could be obtained for 90 GKAMs of which 73 GKAMs were polymorphic across 94 genotypes while 71 GKAMs between parental lines of the mapping populations. The effectiveness of GKAMs for elucidating genetic relationships was also assessed by genotyping the reference set of peanut containing 280 diverse genotypes. The polymorphism information content (PIC) ranged from 0.01 to 0.50 with a mean of 0.24. Discrete clusters were obtained according to the genome type, subspecies and botanical variety. Interestingly, the subspecies fastigiata comprising of four botanical varieties fastigiata, peruviana, vulgaris and aequatoriana (not used in the study) formed a single cluster while the subspecies hypogaea containing botanical varieties hirsuta and hypogaea formed another cluster with frequent overlaps between the groups.  Thus, inter-crossing likely occurred during the course of evolution. Furthermore, the wild species of peanut having diploid genomes AA, BB, EE, EX and PP were grouped into a single cluster. Developed set of GKAMs is expected to supplement available SSR repertoire for genetics studies and breeding applications in peanut.
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Abstract 51 
An international initiative for genome-wide association studies (GWAS) in peanut (Arachis hypogaea L.)

RK Varshney1,2*, L Froencike3, MK Pandey1,4, HD Upadhyaya1, A Rathore1, B Liao5, N Barkley6, B Guo4, MVC Gowda7, C Holbrook4, TB Brenneman4, RS Bhat7, C Chen8, J Damicone9, MD Burrow10, T Isleib11, L Dean11, ML Wang6, V Vadez1, S Jackson12, and RW Michelmore3
   1 International Crops Research Institute for the Semi-Arid Tropics, Hyderabad, India

   2 CGIAR Generation Challenge Programme, c/o CIMMYT, Mexico DF, Mexico

   3 University of California, Davis, USA

   4 USDA-Agricultural Research Service, Tifton, USA 
   5 CAAS Oil Crops Research Institute, Wuhan, China

   6 USDA-Agricultural Research Service, Griffin, USA

   7 University of Agricultural Sciences, Dharwad, India

   8 Auburn University, Auburn, USA

   9 Oklahoma State University, Stillwater, USA

10 Texas AgriLife Research, Texas A & M System, Lubbock, USA

11 North Carolina State University, Raleigh, USA; 
12 University of Georgia, Athens, USA

Peanut productivity is heavily challenged by several stress factors along with ever increasing consumer’s demand for good oil quality. Recent advances in genomic technologies provide possibilities to increase breeding efficiency leading to the more rapid development of superior genotypes using informative markers linked to desired traits. To identify marker-trait associations at high genetic resolution for important traits, a comprehensive genome-wide association study (GWAS) has been planned in order to capture the large amount of variability present due to historical recombination in diverse peanut global germplasm sets, i.e. reference set (300 genotypes) consisting global mini core collection (184 accessions), U.S. mini-core collection (112 accessions) and the Chinese mini-core collection (298 accessions). Multiple seasons of phenotyping data have been generated by the international collaborators are available on these sets for 22 to 51 traits including resistance to diseases, tolerance to drought and salinity, and for agronomic (yield, 100-seed weight) and nutritional quality traits. The goal of this research initiative is to compile and curate available phenotypic data, generate high-density genotyping data based on sequencing, conduct comprehensive statistical analysis, estimate diversity features and undertake GWAS for traits of importance to breeders. In summary, this initiative is expected to provide: (i) sequence-based markers and haplotypes associated with traits of agronomic importance, (ii) identify accessions with superior alleles that can be used as donors in the breeding programmes, and (iii) breeders-friendly databases for phenotyping and genotyping data. Altogether these outputs are expected to take peanut breeding to the next level in effectiveness.
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Abstract 52
Global transcriptome profiling of Arachis duranensis and A. stenosperma in response to water deficit

ACM Brasileiro¹; F Rodrigues², A Nepomuceno²; TN Oliveira¹, AQ Martins1; M Passos¹, DJ Bertioli3, SCM Leal-Bertioli¹*, Araujo, ACG1, and PM Guimarães¹
1 Embrapa Recursos Genéticos e Biotecnologia, Brasília–DF, Brazil

² Embrapa Soja; Londrina-PR, Brazil

³ Universidade de Brasília, Brasília –DF, Brazil

Wild peanut relatives (Arachis spp.) are genetically diverse and were adapted, throughout the evolution course, to a range of environments. Therefore, they constitute an important source of allelic diversity for resistance to biotic and abiotic stresses. In particular, A. duranensis and A. stenosperma, parentals of the reference A-genome genetic map, have contrasting responses to limited water conditions. The objective of the present study was to identify genes in these wild species that are differentially expressed during water deficit by conducting a comprehensive transcriptome analysis using Illumina HI-SEQ technology. For that, 15 days-old seedlings of accessions of A. duranensis and A. stenosperma were grown in hydroponic system and submitted to hydric stress through nutrient solution withdrawal. These accessions showed contrasting physiological responses throughout the treatment, as measured with Licor6400. Roots were collected at six points (at each 25 minutes after stress induction) and used to construct four cDNA pair-ended libraries. More than 8.4 MB of sequencing data was produced with an average read size of 200 bp. De novo assembly resulted on 42,075 contigs for A. duranensis and 60,000 for A. stenosperma with an average length of 949 and 730 pb, respectively. This data generated more than 200,000 SNPs between the two species which will be used for saturation of the A-genome genetic map. In silico analysis revealed significant differential expression of some genes related to drought tolerance, including transcription factors, cell wall-modifying and hormone responsive proteins, and their expression profiles will be validated by qRT-PCR.
Financial support: Embrapa, CNPq and Generation Challenge Program.
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Abstract 53 
Development and application of InDel markers in genetic diversity study for cultivated peanut (Arachis hypogaea L.)

L Liu1,3, P Dang2, and C Chen1* 
1 Department of Agronomy and Soils, Auburn University, 201 Funchess Hall, Auburn, AL 36849, USA
2 USDA-ARS, National Peanut Research Laboratory, Dawson, GA 39842, USA
3 Department of Agronomy, Agricultural University of Hebei, Baoding 071001, China 

Abstract: To date, nearly 10,000 molecular markers have been identified by various research groups around the world, but less than 14.5% showed polymorphism in peanut according to a study by Zhao et al. in 2012. Low levels of polymorphism limits the application of marker-assisted selection in peanut breeding programs. Among existing assayable markers in peanut, majority are simple sequence repeat markers (SSRs). It has been reported that InDel markers are more polymorphic than SSRs in some crops. The goal of this study is to identify novel InDel markers and evaluate the potential use in peanut.  Forty-eight InDel markers were developed from conserved sequences of functional genes and tested in a diverse panel of 118 accessions covering six botanical types of cultivated peanut, 104 selected from the U.S. mini-core and an additional 14 from another two botanical types that are not present in the mini-core.  The results showed that 16 of 48 InDel markers were polymorphic, with polymorphic information content (PIC) among InDels ranged from 0.017 to 0.569.  In respect to botanical types, PICs varied from 0.176 for var. fastigiata, 0.181 for var. hypogaea, 0.306 for var. vulgaris, 0.556 for var. peruviana, 0.534 for var. aequatoriana, to 0.660 for var. hirsuta.  This implies that var. hirsuta, var. peruviana, and var. aequatoriana have higher genetic diversity than the other types and provide a basis for gene functional studies.  Single marker analysis was conducted to associate the marker and the trait in facilitating the discovery of functional genes.
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Abstract 54 
Application of progressive drought to identify stress regulated genes in peanut (Arachis hypogaea L.)

P Dang1,*, C Chen2, and C Holbrook3

1 USDA-ARS, National Peanut Research Laboratory, Dawson, GA 39842, USA
2 Dept. of Agronomy and Soils, Auburn University, 201 Funchess Hall, Auburn, AL 36849, USA
3 USDA-ARS, Crop Genetics and Breeding Research, Tifton, GA 31793, USA 

Peanut growth and development can negatively be impacted depending on the duration and severity of drought.  Successes in selection of different genotypes with consistent drought tolerance have been limited due strong G x E interaction according to Ravi et al. in 2011.  Identification of drought regulated genes in peanuts can elucidate different mechanism(s) of drought response and assist with the selection of the corresponding genotype(s) in breeding programs.  Evaluation of drought stress in different developmental stages: 1) Early-, 30 days after planting (DAP); 2) Mid-, 60 DAP; and 3) Late-season, 90 DAP revealed that early-season drought showed no significant yield loss compared to full irrigated controls.  Application of progressive short-term drought (30 days) in controlled rain-out shelters resulted in the identification of several drought-regulated genes and gene-expression patterns were directly correlated with the duration of water-stress and recovery.  Other candidate genes were also evaluated to determine other possible mechanism(s) of drought response.  Utilization of progressive drought, genotypes with contrasting response to drought, and controlled environment plots should facilitate the identification of more drought-regulated genes.  Specific gene-expression levels and patterns of the drought-regulated genes are being utilized to select drought tolerant peanut genotypes from different breeding populations.  
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Abstract 55 
Retrotransposons from Arachis ipaensis, a B-genome species of wild peanut

BS Vidigal1,2, L Froenicke3, C Beitel3, D Scaglione3, IC Bacon1,2, R Michelmore, and DJ Bertioli1*
1 Universidade de Brasília, Brasília, DF, Brazil

2 Embrapa Recursos Genéticos e Biotecnologia, Brasília, DF, Brazil 

3 University of California, Davis, CA, USA.

This study reports an analysis of the repetitive component of the peanut B-genome starting from c. 800Mbp of sequence from a preliminary gene-space assembly of Arachis ipaensis. In order to identify potential Long Terminal Repeat (LTR) retrotransposons we used an in-house pipeline that employs Perl scripts, LTR_finder, Cap3, Blast and Biolayout. Using representative members of each grouping, retrotranspoons were classified and annotated. The date of transposition of each element was also estimated. A total of 734 complete valid LTR-retrotransposons were found and clustered into 38 groupings. Some of these groupings were complex, harboring autonomous and non-autonomous pairs, or closely related but distinct transposons. In total, 49 families were identified, 17 being Ty-1-Copia type, 18 Ty-3-Gypsy type, and 14 non-autonomous or not classifiable. These elements included seven elements already described from the A genome. The elements cover approximately 8% of the 800 Mpb. The average date of insertion of the elements was 2.5 million years. The most abundant elements will be mapped onto chromosomes using fluorescent in-situ hybridization.
Financial support: Mars, Peanut Foundation and CAPES.
*Email:  djbertioli@gmail.com 
Abstract 56 
Characterization of the repetitive component of the A genome of Arachis.

DJ Bertioli1*, B Vidigal1,2, S Nielen2,3, MB Ratnaparkhe4,5,T-H Lee4, SCM. Leal-Bertioli2, C Kim4,PM Guimarães2, G Seijo6,T Schwarzacher7, AH Paterson4, P Heslop-Harrison7, and ACG Araujo2
1 University of Brasilia, Department of Genetics, Campus Universitário, Brasília DF, Brazil

2  Embrapa Genetic Resources and Biotechnology, Brasilia, DF, Brazil.

3 Now at: Plant Breeding and Genetics Section, Joint FAO/IAEA Division of Nuclear Techniques in Food and Agriculture, International Atomic Energy Agency, Vienna, Austria
4 Plant Genome Mapping Laboratory, The University of Georgia, Athens 30605, USA

5 Now at: Directorate of Soybean Research, Indian Council of Agricultural Research, (ICAR),  Indore, M.P., India

6 Plant Cytogenetic and Evolution Laboratory, Instituto de Botánica del Nordeste and Faculty of Exact and Natural Sciences, National University of the Northeast, Corrientes, Argentina

7 Department of Biology, University of Leicester, Leicester, UK.
Here we report an analysis of the repetitive component of peanut’s A genome using BAC clones from A. duranensis, peanut’s most probable A genome donor. Analyses were done using fluorescent in situ hybridization and sequencing and characterization of 12 genomic regions covering 1.25 Mbp. Two A genome regions were also compared to their B genome homeologs for the analysis of the evolutionary dynamics. BAC-FISH was used with 27 A. duranensis BAC clones as probes and gave dispersed and repetitive DNA characteristic signals, predominantly in interstitial regions of the peanut A chromosomes. The analysis of the sequences of 14 BAC clones showed complete and remnant fragments of 10 abundant long terminal repeat (LTR) retrotransposons, here characterized. Almost all dateable transposition events occurred less than 3.5 million years ago, the estimated date of divergence of the A and B genomes. The most abundant retrotransposon was named Feral, a non-autonomous retrotransposon apparently parasitic on the autonomous retrotransposon FIDEL, followed by Pipa, also non-autonomous. Two of the A genome regions were compared to their B genome homeologous regions. This showed conserved segments of high sequence identity, punctuated by predominantly indel regions without significant similarity. We conclude that a substantial proportion of the highly repetitive component of the peanut A genome appears to be accounted for by relatively few LTR retrotransposons and their remnants or solo LTRs. The most abundant of the retrotransposons are non-autonomous. The activity of these retrotransposons has been a very significant driver in the divergence of the A and B genome components.
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Abstract 57  
Genome-wide association analysis of 15 agronomic traits in the Chinese peanut mini-core collection 

L Huang, X Ren, Y Chen, X Zhou, B Liao, and H Jiang*
Oil Crops Research Institute (OCRI) of Chinese Academy of Agricultural Sciences (CAAS), Wuhan, Hubei, 430062, China

Association mapping is a powerful approach for exploring molecular basis of phenotypic variations in plants. The peanut (Arachis hypogaea) mini-core collection in China, consisting of 298 accessions, was genotyped using 109 SSR markers and phenotyped for 15 agronomic traits in Nanchong in 2006 and in Wuhan in 2006 and 2007. Abundant phenotypic and genetic variation was observed within the mini-core. A model-based analysis assigned all the accessions into two groups. The relative kinship matrix was calculated using 413 loci detected from 109 SSR markers with minor allele frequencies of ≥0.05. For all the 15 agronomic traits, association analysis was performed to evaluate the performance of three statistical models for controlling false positives. For all the traits, the model controlling both population structure and relative kinship (Q + K) performed best compared to the model controlling population structure (Q) and the general linear model (GLM-simple). In total, 88 alleles accounted for phenotypic variation and were identified as associated with the 15 traits.  Of these, 10 alleles were repeatedly detected in two or three environments, and 15 alleles were concurrently detected as associated with multiple agronomic traits. For example, six alleles were detected as associated with seed weight, of these, the allele 2G4-2 was repeatedly detected in all the three environments and it was also associated with pod length, pod width, seed length, seed width and pod weight. The results demonstrated that the peanut mini-core panel is suitable for association analysis targeting complex quantitative traits with optimal association model.
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Abstract 58 
Identification, phylogeny, gene structures, and expression patterns of the ERF gene family in peanut (Arachis hypogaea L.)
L Wan, J Huang, Y Lei, L Yan, and B Liao*
Oil Crops Research Institute (OCRI) of Chinese Academy of Agricultural Sciences (CAAS), Wuhan, Hubei, 430062, China

ERF transcription factors play important roles in regulating gene expression in plant development and response to stresses. In peanut (Arachis hypogaea L.), however, only a few ERF genes have been identified so far. In this study, 68 unigenes that contained a complete AP2/ERF domain were identified from 246,733 peanut EST sequences in the National Center for Biotechnology Information (NCBI) database. The phylogeny, gene structures, and putative conserved motifs in peanut ERF proteins were analyzed and compared with those of Arabidopsis and soybean. The members of the ERF family were divided into 10 subgroups, but the subgroups A1 and A3 that existed in Arabidopsis and soybean were absent in peanut. AP2/ERF domains were conserved among peanut, Arabidopsis, and soybean. Outside the AP2/ERF domain, many peanut-specific conserved motifs were detected. The expression analysis of those ERF family genes representing each clade revealed their differential expression patterns in response to biotic and abiotic stresses. Over-expression of AhERF29, a seed-specific expressed ERF gene, enhanced ethylene emission and seed weight in Arabidopsis and peanut. These results suggest that ERF genes play diverse roles in plant’s life and the comprehensive data generated in this study will be helpful in further functional genomics studies to understand the precise role of ERFs in plant development and stress response.
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Abstract 59 
Selection and breeding report on new peanut variety Lianhua8

Li Min* and Qian Lang
Dalian academy of agriculture sciences
A new large seeded peanut variety Lianhua8 was bred by Dalian academy of agriculture sciences and Puyang institute of agriculture sciences. Lianhua8 as derived from hybridization of Puhua9519 as the female parent and Yuhua 15 as the male parent.  Under several years of selection by Dalian Academy of Agriculture Sciences, in 1 year seed selection garden test during 2008, and 3 years in a variety comparison test (2009-2011), the average yield of Lianhua8 was 4214kg/hm2.  The rate of average yield was increased 21.19% and 21.41%, respectively, higher than that of check Luhua11 and Huayu19.  One year record test of Liaoning province in 2012, the rate of average yield was increased 18.3% higher than that of check Baisha17, ranked second in all tested varieties.  Lianhua8 showed high yield potential, super quality, disease resistance, drought resistance and high commercial quality.  It has a 128 day growing period.   From breeding process, variety features and characteristics, yield performance, results of production test to results of record test were introduced in this article. This variety was recorded by non-main crops peanut varieties of Liaoning province in 12th, 2012,with record number LBH[2012] 75.
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Abstract 60 
Cloning, molecular characterization and expression of ribosomal protein L4/L1 (RPL4) gene from Arachis hypogaea
Q Wu, XZ Wang, YY Tang, HT Yu, FG Cui, JC Zhang, and CT Wang*

Shandong Peanut Research Institute (SPRI), Qingdao 266100, PR China

Ribosomes are essential organelles to all organisms. Ribosomal proteins are involved in plant polarity establishment, cell proliferation, leaf shape and auxin-related development. The RPL4 protein is crucial for the maintenance of ribosomal translational efficiency and fidelity. In the present study, RPL4 from peanut (Arachis hypogaea) was cloned, and its expression pattern as well as phylogeny were analyzed. The full length cDNA of peanut RPL4 was 1545 bp, with an open-reading frame of 1221 bp encoding 406 amino acids. The genomic DNA of RPL4 was 1491 bp in length and contained two exons and a 270 bp intron. The RPL4 mRNA transcript was mainly expressed in roots and leaves, while fewer signals were detected in stems. The sequence data revealed that RPL4 encodes a typical ribosomal protein L4/L1e domain. Phylogenetic analysis showed that RPL4 was conserved within dicots and monocots. The ratio of nonsynonymous/synonymous substitution rate (ω = dN/dS) was calculated. No sites were identified under positive selection. In the whole RPL4 sequence, dS extremely exceeded dN in all branches of the tree (dN/dS < < 1.0), indicating that functional constraint (purifying selection) have acted on RPL4 throughout evolution. The differences among plants and animals supported the inference of functional differentiation during the process of species evolution.
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Abstract  61 
Cultivation and harvest of young peanut leaves as a novel green vegetable

R Pokkaew1,2, CD Liu3, and RY-Y Chiou1

1 Department of Food Science, National Chiayi University, Chiayi 6004, Taiwan
2 Maejo University-Phrae Campus, Maesai, Rongkwang, Thailand
3 Department of Agronomy, National Chiayi University, Chiayi 6004, Taiwan
The young peanut leaves as a green vegetable deserve research attention. In this study, peanut seeds were aquatic- and field-cultivated and the top parts of stems and leaves were harvested at 10, 20 and 30 days of cultivation and multiply harvested at a 10-day interval for three times. In aquatic cultivation, the contents of caffeic acid in leaves increased significantly with time of harvest, whereas in field cultivation, the contents increased significantly from the 20- to 30-day harvest. In antioxidant determinations, reducing powers and total equivalent antioxidant capacities varied in a dose dependent manner with the contents of total phenolics contents. In multiple harvests, the highest total phenolics, epicatechin and caffeic acid contents in leaves were detected in the second harvest of aquatic-cultivation. The antiglycative activities as shown by SDS-PAGE analysis, all harvested aquatic- and field-cultivated peanut leaves were effective in inhibition of albumin glycation. The crude protein contents of the aquatic-cultivated leaves increased significantly with time of cultivation, whereas for field cultivation, the contents decreased significantly from the 10- to 20-day harvest and increased significantly from the 20- to 30-day harvest. In SDS-PAGE analysis of the leaf proteins, major protein bands varied as affected by means and time of cultivation. It is of merit to demonstrate the young peanut leaves as a novel source of natural antioxidants and antiglycative inhibitors. 
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Abstract 62
Comparison of different SSR detection techniques and their application in genetic diversity analysis of peanut (Arachis hypogaea L.) cultivars

Y Wang, L Shan*, Z Liu, P Xu, and G Tang

Hi-Tech Research Center, Shandong Academy of Agricultural Sciences; Shandong Provincial Key Laboratory of Crop Genetic Improvement, Ecology and Physiology, Jinan 250100
The PCR products of 85 peanut cultivars, amplified with nine pairs of SSR primers, were detected by silver-staining method and fluorescence detection system, respectively. Using two types of methods, 33 and 69 allelic variations were detectable respectively, which is 3.56 and 7.78 allelic locus on average per primer. Therefore, compared with the results detected by silver-staining method, the fluorescence detection system has the following advantages such as high sensitiveness and high efficiency, and the results obtained by this method is more accurate. Cluster analysis showed that 74 and 82 peanut varieties were distinguished by the silver-staining method and fluorescence detection system, respectively, and the cluster results obtained by fluorescence detection system were more correlated with peanut types, origins and their relationship although with the lower genetic diversity between peanut varieties, indicating that the datum obtained by the fluorescence detection system were more accurate and more reliable. Through the genetic diversity analysis, it’s found that peanut cultivars in our country have the lower genetic diversity, but the genetic diversity of landraces and Valencia type peanuts are larger, implying that the ample elite traits exist that can be investigated and utilized in a peanut breeding, exist in both landrace and Valencia type peanut.  In order to reduce the experimental cost, several methods such as high-throughput PCR amplified with several primer pairs, and high-throughput detection of mixed fluorescent SSR products amplified by different primers, and detection of the larger SSR products using different improved conditions were also investigated.

This study is supported by National Natural Science Foundation of China (31201272) and the Science and Technology Development Program of Shandong Province（2012GNC1101） 
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Abstract 63 
Performance of peanut interspecific progenies selected for runner market type and resistance to leafspots
TMF. Suassuna1*, MC Moretzsohn2, SCML Bertioli2*, DJ Bertioli3*, ND Suassuna1, and EP Medeiros1
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Along with improvement in cropping system and processing, the adoption of runner market type cultivars is one of the main technologies that resulted in the expansion of peanut production and commercialization in Brazil. Development of early and late leaf spots resistant runner cultivars is a major demand. In 2009/10, twelve plants were visually selected from a wild-derived BC1F3 population [Runner IAC 886 x (A. ipaënsis x A. duranensis)4x], based on resistance to leaf spots and agronomic traits. In 2010/11, the BC1F4 pre-breeding progenies (PB) were evaluated in a field experiment without fungicide sprays. The recurrent parent and all PBs except two lines (PB16 and PB 17) were very susceptible to leaf spots. Yield, pod and seed shape were similar to IAC 886. Segregating plants with less defoliation were selected before harvest. In 2011/12, the BC1F5 PBs were evaluated under appropriate disease management. Differences were detected for pod yield (P = 0.050) and weight of 100 seeds (W100S; P = 0.049). The highest pod yield was observed for PB20, which was similar to IAC 886. Higher W100S was recorded for PB17, PB15, PB12 and PB16 (“Jumbo” size); seed size similar to IAC 886 was identified in PB13 and PB14. Seed ratio, weight of 100 pods, oil content and oleic/linoleic ratio were similar to IAC 886. These PBs represent an important source of genetic variation for the peanut breeding program in order to meet the growing demand of the peanut market in Brazil.
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Abstract 64 
Peanut flour as a nutrient dense ingredient for value-added product development

Y-C Hung

Department of Food Science and Technology, University of Georgia, 1109 Experiment Street, Griffin, GA 30223, USA.

Partially defatted peanut flour is a versatile food ingredient that can act as a flavoring agent or as a protein supplement.  It is made directly from the peanut cake after oil pressing and retains the characteristic peanut flavor in its residual fat, which is typically 5 – 15%.  Peanut flour can be used to partially substitute durum wheat flour for many food formulations.  The two flours have nutritionally complementary proteins, resulting in a product with improved protein quality.  This presentation will use the development of a pasta noodle, instant beverage powder mix, and peanut pancake dry mix to demonstrate the benefit of using peanut flour as a nutrient dense ingredient for value-added product development.  This information will enable science-based decisions to be made for developing other peanut-based products and how to enhance the nutritional quality of our diet.
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Abstract 65 
Regulation of calcium on peanut photosynthesis and AhCaM gene expression under low night temperature stress

Y-F Liu*, X-R Han, X-M Zhan, J-F Yang, Y-Z Wang, Q-B Song, and X Chen
National Engineering Laboratory for Efficient Utilization of Soil and Fertilizer Resources and College of Land and Environment, Shenyang Agricultural University, Shenyang, Liaoning 110866, China

The effects of different levels of CaCl2 on photosynthesis under low night temperature (8 ℃) stress in peanuts were studied to discover the appropriate concentration of Ca2+ through the artificial climate chamber potted culture test. The results indicated that Ca2+, by means of improving the stomatal conductivity of peanut leaves under low night temperature stress may mitigate the decline of photosynthetic rate in the peanut leaves. The regulation with 15 mmol  L-1 CaCl2 (Ca15) was the most effective as compare with other treatments. Subsequently, the improvement of Ca2+ on peanut photosynthesis under low night temperature stress was validated further through spraying with Ca15, Ca2+ chelator (Ethylene glycol bis(2-aminoethyl) tetraacetic acid; EGTA) and Calmodulin antagonists (Trifluonerazine; TFP).   AhCaM gene expression was enhanced by low night temperature stress and its expression was strengthened further by Ca2+ under low night temperature stress. This indicates that AhCaM (Ca2+-modulin) played an important role in the nutritional signal transduction for Ca2+ mitigating photosynthesis limitations in peanuts under low night temperature stress.
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Abstract 66
SSR Marker development from peanut gynophore transcriptome

H Xia1, C-Z Zhao1, M-L Zhou1, S-Z Zhao1, L Hou1, X-J Wang 1,2*
1 High-Tech Research Center, Shandong Academy of Agricultural Sciences; Shandong Provincial Key Laboratory of Crop Genetic Improvement, Ecology and Physiology, Jinan 250100, PR China 
2 College of Agriculture, Shandong University, Jinan 250100, PR China

Maker assistant selection (MAS) could shorten the process of breeding program and provide a possible way to remove the undesirable traits. However, the small number of molecular markers and unavailability of high density peanut molecular marker linkage map make peanut MAS far behind other crops. Simple sequence repeats (SSR) as a kind of molecular marker has been widely used in MAS. SSRs developed from Expressed Sequence Tags (ESTs) were considered as the functional markers, which may closely associate with the gene function. Development of EST-SSRs depending on EST numbers available in the database. The next generation sequencing made it possible to obtain large amount of ESTs from plants.  In this study, RNA of peanut gynophores at three different growth stages was extracted and transcriptome was analyzed by Illumina HiSeqTM 2000. Totally, we acquired 13,293,536 raw reads with an average length of 90 bp. These sequences were assembled into 72,527 unigenes with an average length of 394 bp.  From these unigenes, 5,058 SSRs were obtained by using the SSR finding program; 4,442 unigenes were discovered that contained one or more SSRs. The most abundant SSRs in peanut are trinucleotide (55.1%) SSRs, followed by dinucleotide (33.2%). AG/CT (25.8%) repeats and then by AAG/CTT (19.9%) repeats. Primers for 220 SSRs were designed for PCR amplification and for analysis of polymorphism in 22 peanut cultivars. Polymorphism could be detected by 24 SSRs among these cultivars. These makers will be very useful in peanut MAS programs.
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Abstract 67 
Molecular cloning and expression analysis of SBP-box genes in Arachis hypogaea L

M Li1, H Xia1, C-Z Zhao1, S-Z Zhao1, L Hou1, and X-J Wang 1,2*
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2 College of Agriculture, Shandong University, Jinan 250100, PR China
SPL (Squamosa Promoter Binding Protein-Like) transcription factors, which are unique to plants, have been reported to be involved in plant architecture, developmental phase transitions, plastochron length, organ size, fertility, fruit ripening, gibberellin response, embryonic development, blue light signaling, and copper homeostasis. These proteins contain a highly conserved SBP-domain consisting of approximately 80 amino acid residues. The SBP-domain was found to be necessary and sufficient for DNA binding. Two Zinc-binding motifs and a nuclear localization signal peptide were located at the C-terminal end of the SBP-domain. In Arabidopsis, 17 SPL genes are divided into two groups. SPL1, SPL7, SPL12, SPL14, and SPL16, which usually consist of 10 or more exons and code for more than 800 amino acid residues, fall into the first group. The other 12 SPL genes encoding proteins of less than 400 residues belong to the second group.  Moreover, with the exception of SPL8, all members of the second group contain a target site for miR156/miR157 suggesting that these SPL genes could be regulated by miR156/miR157.  Two degenerate oligonucleotide primers were designed according to the conserved SBP-domain and miR156/miR157 sites and used to amplify SPL gene fragments. As a result, six full-length peanut SPL genes were cloned by 5′- and 3′-RACE. The predicted proteins were all less than 450 amino acid residues and contained a conserved SBP-domain and a miR156/miR157 site. We obtained seven additional full-length peanut SPL genes lacking miR156/miR157 complementary sequences according to peanut ESTs in NCBI dbESTs and our peanut transcriptome sequences. Temporal and spatial expression patterns of peanut SPL genes were studied using RT-PCR. Varied expression patterns of these SPL genes suggested the unique role of different member of SPL. The possible involvement of several SPL genes in peanut pod development and anthocyanin biosynthesis is discussed. Over expression and RNA interference experiments will be carried out to confirm the function of these SPL genes. 
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Abstract 68 
Identification and characterization of a novel peanut (Arachis hypogaea L.) NAC transcription factor, AhNAC4, involved in drought stress
G Tang, L Shan, P Xu1, Z Liu*
Hi-Tech Research Center, Shandong Academy of Agricultural Sciences, Jinan, 250100, China
Plant NAC domain proteins are one of the largest groups of plant-specific transcriptional factors and play crucial roles in plant growth, development and stress responses. We isolated a novel peanut NAC gene, named as AhNAC4, from a cDNA library of peanut immature seeds. AhNAC4 protein had a conserved NAC domain in the N-terminus and showed high similarity to other NACs, especially ATAF subgroup members. Transient expression analysis in onion epidermal cells indicated the nuclear localization for the AhNAC4::GFP fusion protein. Yeast transactivation assay showed AhNAC4 was a transcriptional activator. The expression of AhNAC4 appeared in many peanut tissues including roots, shoots, seedling leaves, immature seeds, and flowers, but was most abundant in flowers. AhNAC4 was strongly induced by drought, high salinity, and ABA. Overexpression of AhNAC4 significantly enhanced drought resistance in transgenic tobacco. These data suggest AhNAC4 is a novel stress responsive NAC transcription factor that possesses potential utility in improving stress tolerance of peanut.
Financial Support: National Science Foundation of China (31171621) and National Science Foundation of Shandong Province (ZR2010CQ015)
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Abstract  69
Determination of arachin and conarachin contents in peanuts using near-infrared reflectance spectroscopy

Qiang Wang*, Li Wang, Hongzhi Liu, Li Liu 
Institute of Agro-products Processing Science and Technology, Chinese Academy of Agricultural Sciences; Key Laboratory of Agro-products Processing, Ministry of Agriculture

The contents of arachin and conarachin vary with peanut varieties and play a key role on their qualities and applications. And nowadays, traditional method such as SDS-PAGE is complicated to conduct and needs long time, which is not suitable for commercial applications. Therefore, it is necessary to develop an accurate and automated method for the quick and non-destructive detection of arachin and conarachin content in peanut, meeting the commercial requirements. In this research, we verified the feasibility of near infrared-reflectance spectroscopy (NIRS) as a tool to measure the contents of arachin and conarachin. And 141 peanut samples collected from 12 provinces of China were scanned through NIRS system to obtain the spectra. Based on correlational analyses, the correlation coefficient between spectral value and content was 0.64 for arachin, 0.61 for conarachin, and 0.66 for conarachin I. Our researches showed NIRS, combined with multivariate calibration, had great potential in determining the arachin and conarachin contents of peanuts. And the easy operation and low cost of NIRS will also benefit its application in future.
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Abstract 70 
Identification of SSR markers linked to high oleic content in peanut (Arachis hypogaea L.) by RIL population

J Cheng1,4, L Jiang1, C-M Wang1, X-H Hu4, H-R Miao4, H-Q Zhai3, and J-M Wan1,2,*
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To detect SSR markers linked to genes controlling high oleic content, we established a RIL population derived from a cross between Huayu28 and P76. The fatty acid content of parents and RIL population plants were detected by GC. Genetic analysis indicated that the high oleate trait of P76 is controlled by two recessive genes. Using bulked segregation analysis (BSA) and peanut SSR molecular markers, there were eight SSR primers enabling to distinguish two bulks. Subsequently, the eight SSR primers were used to amplify 19 low oleic acid (44.06%) and 24 high oleic acid content lines (80.05%).  We found that two SSR markers AH1TC5D06 and FI298287 were tightly associated with oleic content. AH1TC5D06 and FI298287 were used to genotype all lines of the RIL population. The genetic distance between the two SSR markers and gene controlling oleic content  were 7.4 cM and 19.8cM, respectively. Our results indicated that AH1TC5D06 and FI298287 can be used in marker-assisted selection (MAS) for high oleic acid breeding in peanut.
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Abstract 71 
Polymorphism and expression differences of glycerol-3-phosphate acyltransferase gene (AhGPAT9) in peanut (Arachis hypogaea L.) cultivars

F-j Hua, F-z Liu *, Y-s Wan **, and K Zhang 
State Key Laboratory of Crop Biology, Shandong Key Laboratory of Crop Biology, College of Agronomy, Shandong Agricultural University, Taian, Shandong, P.R. China, 271018
Glycerol-3-phosphate acyltransferase (GPAT) is the key enzyme responsible for the acylation of glycerol-3-phosphate to lysophosphatidic acid. GPAT9 is one member of GPAT gene family that encodes GPAT. In this study, DNAs of GPAT9 were isolated from 10 peanut cultivars by homologous cloning strategy. There were two sequences isolated from each cultivar and named as Ahgpat9-1 and Ahgpat9-2, respectively.  Ahgpat9-1 and Ahgpat9-2 both had an ORF of 1131bp-long, encoding a putative 43.5 kDa protein with 376 amino acid residues and having no intron. Alignment of nucleotide sequences from the 10 cultivars showed that, the sequences were totally conserved with 100% homology in Ahgpat9-2 while allelic variations existed in Ahgpat9-1 sequences. According to the variation sites of Ahgpat9-1, the 10 cultivars were divided into two groups, groupⅠinclude four cultivars the other six cultivars belong to groupⅡ.  Ahgpat9-1 sequence had no difference within group, but two SNP sites were identified between the two groups.  In groupⅠ, Ahgpat9-1 and Ahgpat9-2 share a homology of 99.38%, with seven SNPs in nucleotide acid level, the protein sequences had one amino acid residue difference; in groupⅡ, similarity between Ahgpat9-1 and Ahgpat9-2 was 99.20% with nine SNPs in nucleotide level, the protein sequences had two amino acid differences. Real-time quantitative PCR analysis revealed that, for a certain cultivar, AhGPAT9 expression value had significant differences at various seed developmental stages. For different cultivars, the expression pattern of AhGPAT9 in developmental seeds was abundant.  The results indicated that the 10 cultivars were classified into five categories. Gene expression was positively correlated with the oil content, a higher expression peak or a longer peak duration time may contributed to higher oil content.
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Abstract 72 
Isolation of differentially expressed genes potentially related to salt tolerance in peanut

XZ Wang, Q Wu, YY Tang, HT Yu, JC Zhang, FG Cui, B Qu, and CT Wang*

Shandong Peanut Research Institute (SPRI), Qingdao 266100, China
Salinity is one of the most serious environmental factors influencing crop growth and development, especially germination period.  In peanut, screening for salinity tolerance has been reported by several investigators.  However, there has been no report regarding isolation and identification of related genes. In this study, we compared gene expression profile of a large-seeded saline tolerant peanut line 11L35 imbibed in 1.0% sodium chloride solution and seeds of the same genotype treated with distilled water (ck), using the annealing control primer (ACP)-based GeneFishing technology.  Total RNAs were extracted from seeds sampled 1 h, 6 h and 24 h after imbibition initiation. With 40 ACPs, a total of 15 differentially expressed transcripts with high homology to genes having known functions in GenBank nr database were identified. A BLAST search revealed that those genes were related to gene expression regulation, signaling transduction, development, and stress tolerance. In addition, five  transcripts were identified as unknown genes. S-15(DNA-directed RNA polymerase subunit), S-17(oleosin 5), S-31(vacuolar-processing enzyme precursor), S-32（Stylobasium spathulatum ribosomal protein L2 and ribosomal protein L23 genes）and S-38(NAC domain protein) were selected and their relative expression levels were determined by real-time PCR using β-actin as internal control. The results confirmed that all the five genes expressed differentially in stressed and control peanut seeds. Their relative expression were 2.25, 3.92, 4.38, 0.33 and 2.67 in the 1st  hour; 1.01, 1.01, 1.01, 1.01, and 1.00 in the 6th  hour; and 1.75, 0.74, 1.80, 0.42 and 0.40 in the 24th hour, respectively. 
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Abstract 73
Transformation of peanut with a 16D10 RNAi construct

CT Wang*, HT Yu, YY Tang, XZ Wang, and Q Wu

Shandong Peanut Research Institute (SPRI), Qingdao 266100, China
Root-knot nematodes (RKN) pose a great threat to peanut production in China and elsewhere.  Earlier reports indicated the potential of inhibiting the nematodal 16D10 gene in management of the diseases. In this study, an artificially synthesized 16D10 RNAi structure with a gus intron was ligated into the multiple cloning site of pCAMBIA2300-OCS, driven by a CaMV35S promoter. The plant expression vector thus constructed was then transformed into Agrobacterium tumefaciens strain EHA105. Peanut transformation was carried out essentially as per an in plant transgenesis system developed at our laboratory. DNA was extracted from the resultant single seeds through a non-destructive method as previously described. Of the 546 seeds tested with the primer pair 16Discr-F2/R2 (targeting the gus intron or 16D10 coding sequence, respectively), five were PCR-positive. Sequencing of the PCR products further verified that all five seeds were true transformants.  The reaction of the transformants to RKN is yet to be investigated.
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Abstract 74
Development and characterization of 4 new high oleate peanut lines

CT Wang*, HT Yu, YY Tang, XZ Wang, Q Wu, Z Yang, and ST Yu

Shandong Peanut Research Institute (SPRI), Qingdao 266100, China
Four peanut lines resulting from near infra-red reflectance spectroscopy aided selection for the high oleate trait were evaluated for their productivity and fatty acid profile by gas chromatography in replicated trials in Laixi, Shandong, China. The four lines, with an oleate to linoleate ratio of 28.63-32.37, produced a seed yield of 5226.24-5496.18 kg/ha,  similar in productivity to local controls (Huayu 33 or Fenghua 1). The lines exhibited variable response to chilling stress and demonstrated the possibility of breeding high oleate peanut cultivars both with high productivity and with chilling tolerance. The study underlined the necessity of additional selection(s) for the high oleate trait, preferably seed by seed (during the breeding process before bulk harvest for a yield trial) to exclude possible off-types (normal oleate seed within the high oleate seed lot) in cultivar releases. The outcome of the study represented a big stride toward release of large-seeded high yielding peanut cultivars with high oleate in Shandong province, China.
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Abstract 75 
Isolation of differentially expressed genes from developing seeds of high protein peanut mutant and its wild type using Genefishing technology
ST Yu1,2, JW Su1, HB Yu1, LR Zhao1, PX Si1, YY Tang2, XZ Wang2, Q Wu2, and CT Wang2*

1 Sandy Land Amelioration and Utilization Research Institute of Liaoning, Fuxin, China
2 Shandong Peanut Research Institute (SPRI), Qingdao, China
A total of 40 unique differentially expressed genes in developing seeds of high protein peanut mutant (HiPro) and its normal protein wild type (NormPro) at 46 or 49 days after flowering were isolated using Genefishing technology.   Of these, eight sequences had not been previously described; the other 32 sequences were significantly similar to the sequences in GenBank nr database. Three genes potentially related to protein content in peanut, viz., P2-2-2, P2-92-2 and P1-89-1-5 with high homology to thioredoxin h, arachin ahy-4 and abc transporter, respectively, were selected for further analysis. All three genes were validated by RT-qPCR and showed differential expression between HiPro and NormPro, with relative expression ranging from 0.41-10.60. The detailed and exact functions of the differentially expressed genes isolated from the present study in conditioning peanut seed protein content are yet to be investigated through transgenesis. 

*Email: chinapeanut@126.com  
Abstract 76 
Present situation and prospects of peanut storage technology in China
J Feng*
Agricultural Products Processing Research Institute, Jiangxi Academy of Agricultural Sciences, Nanchang, China

Peanut is one of the most important oil crops in China. Peanut is susceptible to deterioration and rancidity and produces aflatoxin due to improper storage; therefore, research and development of storage technology of peanut is one of the main factors affecting the quality and security of peanut. This presentation will discuss the research status and development direction in the future of Chinese peanut storage technology, which will contain seven parts: (1) post-harvest timely dry storage technology; (2) nitrogen replacement atmosphere and air-tight storage technology at room temperature; (3) absorption carbon dioxide and closed storage technology at room temperature; (4) control the storage conditions of peanut, such as moisture, temperature; (5) study on the packaging materials in the storage technology of peanut; (6) the mode of Chinese peanut storage; and (7) peanut seed storage by air-tight storage technique at room temperature.
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Abstract 77
Exogenous calcium alleviates photoinhibition of PSII by improving the xanthophyll cycle in peanut (Arachis hypogaea L.) leaves during heat stress under high irradiance

S Yang1,2, F Wang1,3, F Guo1,2, J-J Meng1,2, X-G Li1,2*, and S-B Wan2**

1  High-Tech Research Center of Shandong Academy of Agricultural Sciences, Ji’nan, 250100, PR China
2  Shandong Provincial Key Laboratory of Crop Genetic Improvement, Ecology and Physiology, Ji’nan, 250100, PR China
3  College of Life Sciences, State Key Laboratory of Crop Biology, Shandong Agricultural University, Tai’an, 271018, PR China
Peanut is one of calciphilous plants. Calcium (Ca) serves as a ubiquitous and a central hub in a large number of signaling pathways. The effects of exogenous application of 6 mM calcium nitrate [Ca(NO3)2] on the dissipation of excess excitation energy in the PSII antenna, especially on the level of D1 protein and the xanthophyll cycle in peanut plants under height temperature (40°C) and high irradiance (HI) (1200 μmol m-2 s-1) stresses were investigated. Compared with the control plants [cultivated in 0 mM Ca(NO3)2 medium], the maximal photochemical efficiency of PSII (Fv/Fm) in Ca2+ treated plants decreased slightly after 5 h of stress, accompanied by higher non-photochemical quenching, higher fast component, and less reactive oxygen accumulation. Meanwhile, the higher content of D1 protein and the higher ratio of (A+Z)/(V+A+Z) were also detected in Ca2+-treated plants under such stress. These results showed that Ca2+ could help protect the peanut photosynthetic system from severe photoinhibition under high temperature and HI stresses by accelerating the repair of D1 protein and improving the de-epoxidation ratio of the xanthophyll cycle. Furthermore, EGTA (a chelant of Ca ion), LaCl3 (a blocker of Ca2+ channel in cytoplasmic membrane) and CPZ [a calmodulin (CaM) antagonist] were used to analyze the effects of Ca2+/CaM on the variation of (A+Z)/(V+A+Z) (%) and the expression of violaxanthin de-epoxidase (VDE). Results indicated that CaM, an important component of the Ca2+ signal transduction pathway, mediated the expression of the VDE gene in the presence of Ca to improve the xanthophyll cycle.
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Abstract 78
A modified PCR protocol for consistent amplification of fatty acid desaturase (FAD) alleles in marker-assisted backcross breeding for high oleic trait in peanut  

L Qiao1,2, M Pandey1,3, N Barkley4, S Feng5, H Wang1,6, A Culbreath1, R Varshney3, and B Guo1,7 
1 University of Georgia, Department of Plant Pathology, Tifton, GA, USA 
2 Qingdao Agricultural University, Shandong, China
3 International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India
4 USDA-ARS, Plant Genetic Resources Conservation Unit, Griffin, GA, USA
5 Qiongzhou University, Sanya, China
6 Shandong Peanut Research Institute, Shandong, China
7 USDA-ARS, Crop Protection and Management Research Unit, Tifton, GA, USA
High oleic acid, such as is found in olive oil, is desirable for the healthy cholesterol-lowering benefits.  The oxidative stability of the oil with high oleic acid also gives longer “shelve life” for peanut products. These benefits drive the breeding effort toward developing high oleic peanuts worldwide. Two homoeologous genes (FAD2A and FAD2B) encode the fatty acid desaturase (FAD) which regulates the conversion of oleic acid to linoleic acid. There have been several published protocols that can track the mutant alleles of FAD2 genes, including:  CAPS, real-time PCR, and a simple allele-specific PCR assay. The objective of this research is to develop a user-friendly PCR-based protocol that could be used in any PCR machine for marker-assisted breeding coupled with an accelerated backcross program. These genetic markers can identify true hybrids in backcrossing, and the backcross and selection process can be accelerated by using heterozygous hybrids as a donor. In three years of laboratory work plus several years of field testing, a high oleic elite cultivar could be generated in contrast to conventional breeding, which takes over 10 years for a new cultivar release. In this study, a modified protocol has been developed and used in four different PCR machines successfully. This simple and cost-effective method could be used to track FAD2A and FAD2B alleles of heterozygous genotypes in backcross breeding selection. This improved protocol is not PCR cycler-specific, but PCR condition-specific.  Consistent amplification was achieved using different PCR machines each with modified PCR conditions, and these results were further confirmed using real-time PCR assay. Thus, both the FAD alleles present on A (FAD2A) and B (FAD2B) genomes can be detected and tracked in rapidly and economically for a breeding program.
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Abstract 79
Functional analysis of the phosphoenolpyruvate carboxylase on the lipid accumulation of peanut (Arachis hypogaea L.) seeds
L-J PAN, X-Y Chi, N Chen, M-N Chen, T Wang, M Wang, Z Yang, and S-L YU*
Shandong Peanut Research Institute, Qingdao 266100, P.R.China
Phosphoenolpyruvate carboxylase (PEPC; EC 4.1.1.31) catalyses phosphoenolpyruvate (PEP) to yield oxaloacetate, which is involved in protein biosynthesis.  Pyruvate kinase (PK; EC 2.7.1.40) catalyzes PEP to yield pyruvate, which is involved in fatty acid synthesis. In this study, five PEPC genes (AhPEPC1, AhPEPC2, AhPEPC3, AhPEPC4, and AhPEPC5) from peanut have been cloned. Using a quantitative real-time RT-PCR approach, the expression pattern of each gene was monitored during the seed development of four peanut varieties (E11, Hebeigaoyou, Naihan 1 and Huayu 26).  It was found that these five genes shared similar expression behaviors over the developmental stages of E11 with high expression levels at 30 and 40 d after pegging (DAP); whereas these five genes showed irregular expression patterns during the seed development of Hebeigaoyou.  In Naihan 1 and Huayu 26, the expression levels of the five genes remained relatively high in the first stage. The PEPC activity was monitored during the seed development of four peanut varieties and seed oil content was also characterized during the entire period of seed development. The PEPC activity followed the oil accumulation pattern during the early stages of development, but they showed a significantly negative correlation thereafter. These results suggested that PEPC may play an important role in lipid accumulation during the seed development of four peanut varieties tested.
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Abstract 80
Gene expression profiling and identification of resistance genes to low temperature in leaves of peanut (Arachis hypogaea L.)
N Chen, QL Yang, L-J Pan, X-Y Chi, M-N Chen, Y-N He, Z Yang, T Wang, M Wang, and S-L Yu*
Shandong Peanut Research Institute, Qingdao 266100, P.R. China.

The cultivated peanut is an important oil crop grown extensively in tropical, subtropical and temperate climates. Cold stress seriously influences its germination, development, bloom and yields. However, little is known about the network of gene expression regulation related to cold stress in peanut. Therefore, we used a microarray that included 36,158 peanut unigene ESTs to monitor the expression profiles of genes related to cold stress regulation. 1151 up-regulated and 1217 down-regulated probe sets were successfully identified. Data analysis indicated that the main biological processes involved in response to cold stress included signal transduction, transcript regulation and accumulation of soluble metabolites. Regulation of cell division, translation, protein modification, transport and DNA/RNA-related processes were also involved in peanut cold acclimation. Our study revealed that protein kinases, transcription factors, heat shock proteins, resistance proteins, stilbene synthase, and other proteins, may play important functions in cold stress regulation of peanut. The function of some probe sets in cold stress regulation had not been clarified (e.g., proteins functioning in glycerol ether metabolic process, microtubule-based movement or nutrient reservoir activity). Some genes we identified lack functional annotation and their roles in response to cold are yet to be elucidated, which, in turn, may provide further insights into our ﬁndings. This article attempts an overview of the transcription map of peanut under cold stress, which may yield useful insights into cold-mediated signal transduction pathways in peanut and offer some candidate genes as potential markers of tolerance to cold stress.
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Abstract 81
Isolation and expression analysis of glycerol-3-phosphate acyltransferase genes from peanut (Arachis hypogaea L.)

X Chi, Q Yang, L Pan, M Chen, N Chen, T Wang, Z Yang, Y He, M Wang, and S Yu*

Shandong Peanut Research Institute, Qingdao, 266100, P R China

sn-Glycerol-3-phosphate acyltransferase (GPAT) catalyzes the committed step in the production of glycerolipids, which are major components of cellular membranes, seed storage oils, and epicuticular wax coatings. The functions of GPAT genes have been intensively studied in Arabidopsis, but not in peanut (Arachis hypogaea L.). In this study, conventional RT-PCR or RACE (rapid amplification of cDNA ends)-PCR were used to clone five AhGPAT genes from peanut. Quantitative real-time RT-PCR analysis indicated that AhGPAT9 transcript was more abundant in stems, flowers, and seeds, whereas the transcript abundances of other four genes were higher in leaves than in other tissues examined. During seed development, levels of AhGPAT1, AhGPAT2, AhGPAT6, and AhGPAT8 transcripts decreased, whereas levels of AhGPAT9 transcript gradually increased, suggesting a potential role for AhGPAT9 in glycerolipid metabolism in developing seeds. Expression analysis of five genes under conditions of cold, salt, drought, and ABA stresses indicated that AhGPAT transcripts were differentially regulated during abiotic stresses. Levels of AhGPAT2 transcript were distinctly enhanced after exposure to all four kinds of stress treatments. The transcripts of AhGPAT1, AhGPAT6, and AhGPAT8 increased substantially in roots exposed to salt, drought, and ABA stresses. The expressions of AhGPAT6, AhGPAT8, and AhGPAT9 were slightly higher in leaves under certain stress conditions than under normal conditions. Some genes were obviously down-regulated after stress treatments, such as AhGPAT1 and AhGPAT9 transcripts in cold- and salt-stressed leaves. These insights into peanut GPATs may facilitate modification of oil deposition and improvement of abiotic stress resistance in this important crop.
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Abstract 82 
Soil eukaryotic microorganism succession affected by continuous cropping of peanut

Mingna Chen, Qingli Yang, Xiaoyuan Chi, Lijuan Pan, Na Chen, Zhen Yang, Tong Wang, Mian Wang and Shanlin Yu*

Shandong peanut research institute, Qingdao 266100, China

Peanut is an important oil crop worldwide and shows considerable adaptability but growth and yield are negatively affected by continuous cropping. Soil micro-organisms are efficient bio-indicators of soil quality and plant health and are critical to the sustainability of soil-based ecosystem function and to successful plant growth. In this study, 18S rRNA gene clone library analyses were employed to study the succession progress of soil eukaryotic micro-organisms under continuous peanut cultivation. Eight libraries were constructed for peanut over three continuous cropping cycles and its representative growth stages. Cluster analyses indicated that soil micro-eukaryotic assemblages obtained from the same peanut cropping cycle were similar, regardless of growth period. Six eukaryotic groups were found and fungi predominated in all libraries. The fungal populations showed significant dynamic change and overall diversity increased over time under continuous peanut cropping. The abundance and / or diversity of clones affiliated with Eurotiales, Hypocreales, Glomerales, Orbiliales, Mucorales and Tremellales showed an increasing trend with continuous cropping but clones affiliated with Agaricales, Cantharellales, Pezizales and Pyxidiophorales decreased in abundance and / or diversity over time. The current data, along with data from previous studies, demonstrated that the soil microbial community was affected by continuous cropping, in particular, the pathogenic and beneficial fungi that were positively selected over time, which is commonplace in agro-ecosystems. The trend towards an increase in fungal pathogens and simplification of the beneficial fungal community could be important factors contributing to the decline in peanut growth and yield over many years of continuous cropping.
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Abstract  83
In Vitro mutagenesis and directed screening for salt-tolerant mutants in peanut

M-X Zhao1, H-Y Sun1, R-R Ji1, X-H Hu2, J-M Sui1, L-X Qiao1*, J Chen2, and J-S Wang1
1 College of Life Science, Qingdao Agricultural University/ Key Lab of Plant Biotechnology in Universities of Shandong, Qingdao 266109, China

2 Peanut Research Institute, Shandong Academy of Agricultural Sciences, Qingdao 266100, China

To expand the salt-tolerant gene resources of peanut, we conducted in vitro mutagenesis with pingyangmycin (PYM) as the mutagen and directed screening with medium containing NaCl. After embryonic leaflets from mature peanut seed (variety Huayu 22) were cultured on somatic embryogenesis-induction medium containing 4 mg/L PYM for 4 weeks, the somatic embryos were sequentially transferred to a germination medium containing 15 and then 20 g/L NaCl. The 30 NaCl-tolerant plantlets obtained were grafted and transplanted in the field in 2011, and the mature seeds of 26 regenerated plants were harvested. In 2012, all seeds from each plant were sown in the field. The offspring (M2 generation) of 23 of 26 NaCl-tolerant, regenerated plants differed from their mutagenic parent in vigor, growth habit, flowering habit, pod shape, seed coat color, etc.  They also exhibited trait segregation from the same NaCl-tolerant, regenerated plant. In a germination test with a 0.7% NaCl solution and the M3 generation seeds from 18 of the NaCl-tolerant, regenerated plants, germination was substantially higher for the seeds from six plants than for seeds from the mutagenic parent (Huayu 22).  DNA polymorphisms between the mutagenic parent and 19 M3 generation individuals from different NaCl-tolerant, regenerated plants were analyzed with 39 pairs of SSR primers. The polymorphisms were higher between mutants and the mutagenic parent, and all mutants had more than two loci different from the mutagenic parent. The results indicate that the use of PYM-based mutagenesis in combination with directed in vitro screening with NaCl is effective for creating and identifying salt-tolerant mutants of peanut.
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Abstract 84 
In Vitro mutagenesis and directed screening for drought-tolerant mutants in peanut

J-M Sui, L-X Qiao*, and J-S Wang

College of Life Science, Qingdao Agricultural University/ Key Lab of Plant Biotechnology in Universities of Shandong, Qingdao 266109, China

To expand the drought-tolerant gene resources of peanut, we conducted in vitro mutagenesis with pingyangmycinum (PYM) as the mutagen and directed screening with medium containing Hydroxyproline (HYP). After embryonic leaflets from mature peanut seed were cultured on somatic embryogenesis-induction medium containing 3–4 mg/L PYM for 4 weeks, the somatic embryos were sequentially transferred to a germination medium containing 4 and then 8 g/L HYP. The HYP-tolerant plantlets obtained were grafted and transplanted in the field in 2011, and the mature seeds of this M1 generation were harvested. In 2012, all seeds from each plant were sown in the field. Most of the offspring (M2 generation) of drought-tolerant, regenerated plants from three mutagenic parents (Huayu 20, Huayu 22 and Huayu 25) exhibited variation and trait segregation. The M3 generation seeds of the HYP-tolerant, regenerated plants were treated with drought stress at germination and seedling stages, then POD and SOD activities were measured using leaves subjected to drought stress as material. The results showed that the SOD and POD activities were higher for the seeds from 1 of 3 and 1 of 4 than for seeds from mutagenic parent Huayu22 and Huayu25, respectively. To determine whether the changes in plant traits are associated with gene mutations, DNA polymorphisms between the mutagenic parent and 11 M3 generation individuals from different HYP-tolerant, regenerated plants were analyzed with 39 pairs of SSR primers. The polymorphisms were very high between mutants and the mutagenic parent, and all mutants had more than two loci different from the mutagenic parent. The results indicate that that the use of PYM-based mutagenesis in combination with direct in vitro screening with HYP is effective for creating and identifying drought-tolerant mutants of peanut.
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Abstract  85 
Overexpression of Phosphomannomutase gene in peanut (Arachis hypogaea L.) enhances abiotic stress tolerance of transgenic plants

J-M Sui,  R Li · C-H Zheng, L-X Qiao*, and J-S Wang 

College of Life Science, Qingdao Agricultural University/ Key Lab of Plant Biotechnology in Universities of Shandong, Qingdao 266109, China

Phosphomannomutase (PMM) catalyzes the interconversion of mannose-6-phosphate and mannose-1-phosphate. However, systematic molecular and functional investigations on PMM in peanut have hitherto not been reported. In this work, PMM cDNA (AhPMM) was isolated from peanut (Arachis hypogaea L.).  Amino acid sequence comparisons indicated that the AhPMM protein exhibited significant identity to their orthologs in the plant. Transcription expression of the AhPMM gene was differentially up-regulated by different environmental stimuli such as cold, dehydration, NaCl, and the plant hormone ABA. Overexpression of AhPMM in peanut increased L-ascorbic acid (AsA) content by about 20% and exhibited enhanced tolerance to drought and salinity stress in transgenic peanut.  Collectively, this study improves our understanding on the molecular and functional properties of AhPMM and provides genetic evidence on the involvement of PMM in the biosynthesis of AsA in peanut.
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Abstract  86 
Proteomic identification of gravitropic response genes in peanut gynophores
H-F Li1, F-H Zhu1, H-Y Li2, W Zhu1, X-P Chen1, Y-B Hong1, H-Y Liu1, H Wu2, and X-Q Liang1*
1  Crops Research Institute, Guangdong Academy of Agricultural Sciences, Wushan 510640, Guangzhou, China 

2  State Key Laboratory for Conservation and Utilization of Subtropical Agro-bioresources, South China Agricultural University, Guangzhou, China
Peanut (Arachis hypogaea L.) is one of the most important oil-bearing crops in the world. The gravitropic response of peanut gynophores plays an essential role in peanut pod maturation and thus determinists its productivity.  In this paper, we developed an in vitro culture system and applied it in the study of peanut gynophore gravitropism.  By comparing the proteomes of gynophores grown in vitro with tip point upward (gravity stimulation sample) and downward (natural growth control) at 6 h and 12 h, we screened 42 proteins at 6 h and 39 proteins at 12 h with a significantly altered expression pattern. Thirteen proteins with consistent expression alteration at both 6 h and 12 h were identified by MALDI-TOF/TOF and further characterized with Real time RT-PCR.  Among them, two were identified as class III acidic endochitinases, two were identified as Kunitz trypsin protease inhibitors, other proteins were identified as pathogenesis-related class 10 protein, Ara h 8 allergen isoform 3, voltage-dependent anion channel, gamma carbonic anhydrase 1, germin-like protein subfamily 3 member 3 precursor, chloride channel, glycine-rich RNA-binding protein and gibberellin receptor GID1. Real time RT-PCR analysis revealed that the expression regulation of class III acidic endochitinase, two Kunitz trypsin protease inhibitor, chloride channel and pathogenesis-related class 10 protein occur in the transcription level.  The other seven proteins had expression regulation occur dominantly at the post-transcriptional level. This study identified several potential gravitropic response proteins in peanut gynophores and helps to understand early gravitropic responses in peanut gynophores.

Keywords: peanut; gynophore; gravitropism; proteome
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Abstract 87 
Characterization of ARAhDRRP gene and its potent anti-Aspergillus flavus invasion activity in peanut 

W Lee, N Zhong, S Wen，H Liu，and X Liang*

Crops Research Institute, Guangdong Academy of Agricultural Sciences, Wushan 510640, Guangzhou, China 

In this study, characterization of ARAhDRRP gene (gb|DQ296045.1)，a new member of the peanut defensin family and its potent anti-Aspergillus flavus invasion activity in peanut were analyzed. The results showed that the AhDRRP gene was 585 bp in full-length with an 255 bp open reading frame, it encoded a 75-amino-acid polypeptide, and showed 33%-70% homology with other plant species. The study of subcellular localization confirmed that AhDRRP was localized to the cell wall.  The AhDRRP gene showed significantly higher expression in the resistant genotype than in the susceptible genotype, and the purified AhDRRP prokaryotic expression protein can inhibit the growth of A. flavus hyphae in vitro.  Analysis of qRT-PCR showed that the expression of the AhDRRP gene was significant induced prior to harvest in the resistant genotype, but not in susceptible genotype.  Five transgenic peanut lines over-expressing the AhDRRP gene under the control of a 35S promoter were obtained using the Agrobacterium tumefaciens-mediated method.  Real time RT-PCR results showed that the expression level of the AhDRRP was significantly higher and the A. flavus infection and aflatoxin content were significantly lower in seeds of transgenic lines than that of the wild type. A significant negative correlation between AhDRRP expression at the transcript level and aflatoxin production in seeds was observed. The results suggested that AhDRRP expression plays an important role in peanut host resistance to A. flavus infection and aflatoxin producing. 

Keywords: peanut; ARAhDRRP gene; Aspergillus flavus; functional analysis
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Abstract 88
Identification of single nucleotide polymorphism in cultivated peanut (Arachis hypogaea L.)

Y Liu, F He, Y-B Hong, and X-Q Liang*

Crops Research Institute, Guangdong Academy of Agricultural Sciences (GAAS), Guangzhou, China
The objective of this study was to mine SNP markers by amplicons sequencing of EST-SNP and GSS-SNP among A. duranensis (A genome), A. ipaensis (B genome) and 13 cultivated peanuts with different phenotypes.  High resolution melting (HRM) was employed to validate the discovered SNPs in cultivated peanut. The results showed that: (1) amplicons of 100 random selected ESTs in A. duranensis, A. ipaensis and 13 cultivated peanuts were sequenced. Of them, 53 amplicons were successfully amplified, and 32 amplicons were successfully sequenced. After analysis of 32 amplicons in 15 samples, total of 13 SNPs were identified, averaging 0.8186 SNP in every 1000 bp. The numbers of A/G, C/T, A/T, A/C, G/C, G/T were 4, 3, 1, 1, 1, 3 respectively. (2) Amplicons of 100 random selected genome survey sequences ( GSSs ) in A. duranensis, A. ipaensis and 13 cultivated peanuts were sequenced. Of them, 61 amplicons were successfully amplified, and 45 amplicons were successfully sequenced. After analysis of 45 amplicons in 15 samples, a total of 69 SNPs were identified, averaging 3.3691 SNPs in every 1000 bp.  The numbers of A/G, C/T, A/T, A/C, G/C, G/T were 23, 28, 6, 6, 0, 6, respectively.  Amplicon sequencing was effectively discriminate SNPs between the different cultivars and also the SNPs between the A genome and B genome in one cultivar.  Eight identified SNPs were validated by high resolution melting (HRM).   All of the eight identified SNP markers can be readily genotyped. These results showed that amplicon sequencing can be used to effectively identify SNP markers in tetraploid peanut.
Keywords: peanut, mining, single nucleotide polymorphism( SNP ), high resolution melting(HRM)
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Abstract  89 
Comparative proteomics analysis of developing peanut aerial and subterranean pods identifies pod swelling relative proteins

W Zhu1, E Zhang1, H Li1, X Chen1, F Zhu1, Y Hong1, B Liao2, S Liu2, and X Liang*

1  Crops Research Institute, Guangdong Academy of Agricultural Sciences (GAAS), Guangzhou, China
2  Key Laboratory of Oil Crops Biology, Ministry of Agriculture, Oil Crops Research Institute, Chinese Academy of Agricultural Sciences, Wuhan, China
The peanut plant produces flowers aerially, while develops the fruits and seeds underground. The gynophore plays an essential role during peanut fruit and seed development. The failure of gynophore penetration into the soil leads to suppression of pod swelling initiation. However, the molecular mechanism underlying the process remains unknown. In this study, we analyzed the proteomic alterations between developing aerial and subterranean pods at various developmental stages using 2-DE combined with MALDI-TOF-TOF MS. 47 differentially expressed protein spots which corresponded to 31 distinct proteins were identified. The identified proteins were classified into 12 functional groups. Functional annotation of these identified proteins revealed their involvement in photosynthesis, oxidative stress response, lignin synthesis, fatty acid biosynthesis, glycolysis, protein catabolic process, cellular metabolic process, and regulation process, etc. Furthermore, Real-time RT-PCR was used to validate the expression alteration of 10 identified proteins. Among these proteins, several were involved in photosynthesis and oxidative stress and were significantly up-regulated in aerial pods. Otherwise, enzymes in lignin synthesis and ubiquitin proteasome system were significantly down-regulated in subterranean pods. These enzymes might function as potential candidate proteins and play critical roles to regulate pods swelling and development. 

Keywords: aerial and subterranean pods, peanut, plant proteome, pod development
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Abstract 90
Differential expression of aflatoxin synthesized-related genes in A. flavus after attacking seeds of resistant and susceptible peanut cultivars

W-h Wang, X-p Chen, H-f Li, X-q Liang*

Crops Research Institute, Guangdong Academy of Agricultural Sciences (GAAS), Guangzhou, China
It has been demonstrated that aflatoxin biosynthesis involves at least 25 genes in Aspergillus flavus. In this study, differential expressions of 25 aflatoxin synthesized-related genes in toxigenic and non-toxigenic A. flavus strain after attacking seeds of resistant and susceptible peanut cultivars were analyzed. The aflK and aflL genes showed  significantly higher expression (750-695000 times) in the non-toxigenic A. flavus strain than in the toxigenic A. flavus strain after attacking seeds of susceptible peanut cultivars; while the aflL gene of non-toxigenic the A. flavus strain and the toxigenic A. flavus strain showed either no expression and significantly lower expression, respectively, after attacking seeds of resistant cultivars. The expression of the aflO gene of the toxigenic A. flavus strain was significantly lower in seeds of resistant cultivars than susceptible cultivars, while, aflW gene of toxigenic A. flavus strain was significantly higher in seeds of resistant cultivars than susceptible cultivars. 

Keywords: Aspergillus flavus, peanut, aflatoxin synthesized-related genes
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Abstract 91
Introgression of FAD (Fatty Acid Desaturase) mutant alleles for enhanced oil quality in groundnut using marker-assisted backcrossing

P Janila1*, MK Pandey1, HD Upadhyaya1, P Nagesh 1, SS Manohar1, M Sriswathi1, K Pawan1, T Radhakrishnan2, N Manivannan3, R Vasanthi4, KL Dobariya5, SK Bera2, JB Misra2, SN Nigam1, and RK Varshney1,6*

1 International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Patancheru, India

2 Directorate of Groundnut Research (DGR), Junagadh, India

3 Tamil Nadu Agricultural University (TNAU), Coimbatore, India

4 Regional Agricultural Research Station (RARS), ANGRAU, Tirupathi, India

5 Junagadh Agricultural University (JAU), Junagadh, India

6 CGIAR Generation Challenge Programme (GCP), CIMMYT, Mexico DF, Mexico

Globally, over 60% of groundnuts produced are crushed for extraction of edible oil. Groundnut seeds contain 48-50% oil, and oleic (O) and linoleic (L) fatty acids constitute about 80% of the oil. The O/L ratio in most  groundnut genotypes is about 2, however, in the case of FAD (Fatty Acid Desaturase) gene mutants, it can go up to >20. Two homeologous genes (FADA and FADB) encoding for desaturase are located on the A and B genomes, respectively. One base pair (bp) substitution (G:C to A:T) in the A genome and 1 bp insertion (A:T) in the B genome lead to mutations. High oleate (high O/L ratio) groundnut lines have potential benefits to consumer’s health as well as to the food processing industry.  With this background, marker-assisted backcrossing (MABC) was initiated at ICRISAT and four other national centers in India to enhance O/L ratio of elite genotypes that have >50% oil content.  Allele-specific PCR-based markers associated with high O/L ratio were optimized and validated in 22 genotypes. These primers differentiated the genotypes possessing mutations in A and B genomes. Crosses were made between six selected recurrent parents (RP) and SunOleic 95R, donor carrying both mutant alleles (that confer high O/L ratio).  Cleaved Amplified Polymorphic Sequence (CAPS) markers, co-dominant in nature and clearly differentiating the homozygotes and heterozygotes at both the loci, were also standardized. Allele-specific markers were used for confirmation of F1 plants as well as for foreground selection to select heterozygotes among backcrossed BC1F1 and BC2F1. The BC2F1 plants from six crosses, now in the greenhouse, were confirmed for heterozygocity and third round of backcrossing is now under progress. Using CAPS, the BC2F2 homozygotes at both the loci were identified for advancing. 
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Abstract 92 
qRT-PCR analysis of peanut AhGLP family genes in different peanut tissues and abiotic stress condition
T Wang, M Wang, L-j Pan, M-n Chen, N Chen, X Chi, and S-l Yu*
Shandong Peanut Research Institute, Licang 266100, Qingdao, China  
Germin-like superfamily members are ubiquitously expressed in various plant species and play important roles in plant development and plant defense. Although several GLPs have been identified in peanut, their roles in development and defense remain unknown.  In this research, we study the temporal-spatial expression of AhGLPs in peanut and responding to abiotic stresses. Results revealed that each peanut GLP gene has its distinct expression pattern in various tissues and developmental stages. This suggests that these genes all have their distinct roles in peanut development. Under drought and salt stresses, all peanut GLPs genes showed different induced-expression.  For the first time, our study analyzes the AhGLP gene expression profile in peanut and revealed their roles under various conditions.  These results provide an insight into the developmental and defensive roles of GLP gene family in peanut.
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Abstract 93
Study on influencing factors and genetic analysis of peanut (Arachis hypogaea L.) seed dormancy 

X-h Hu 1,  R-x Mao2,  H-r Miao1, W-q Yang1, J-c Zhang1, and J Chen1*
1 Key Laboratory of Peanut Biology and Genetic Improvement, Ministry of Agriculture, P.R. China, Shandong Provincial Key Laboratory of Peanut, Shandong Peanut Research Institute, Qingdao, Shandong 266100, China 
2 Shandong Seed Administration Station, Jinan,Shandong 250100, China
The seed dormancy was studied using P1, P2, and 146 lines of a RIL population from cross between Huayu22 and 06B16 during two years. By means of mixed major gene plus polygene inheritance models, genetic analysis showed that E-1-0 was determined as the best-fitted inheritance model for the seed dormancy trait of RILs in two growing  years. This trait followed the mixed inheritance of two major genes with additive-epistatic effects plus polygene with additive-epistatic effects. The heritability of major genes was larger than that of polygenes. Correlation analysis showed that seed dormancy of RIL had a highly significant positive correlation with oleic acid (C18:1) and olefinic acid (C22:1), and had a very significant negative correlation with palmitic acid (C16: 0) and linoleic acid (C18:2).  The ‘removed coat test’ shows that the germination rate of seven dormancy materials, except H13 and H17, was more than 90% by removal of coat. The results indicated that the seed coat affected peanut seed dormancy, but other factors were also involved in the seed.
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Abstract 94
Huayu 36: A High-yielding, quality, large-seeded groundnut variety 

H Miao, X Hu, W Yang, F Cui, Y Shi, and J Chen *
Key Laboratory of Peanut Biology and Genetic Improvement, Ministry of Agriculture, P.R. China, Shandong Provincial Key Laboratory of Peanut, Shandong Peanut Research Institute, Qingdao, Shandong 266100

Huayu 36, a high-yielding, quality, large-seeded groundnut variety, was developed by Shandong Peanut Research Institute (SPRI) and released by the Shandong Provincial Crops Approval Committee in 2011 and identified by National Agro-Tech Extension and Service Center in 2013 in China.  Its name was Huaxuan 12 before being released. Huayu 36 was derived from a cross between Huaxuan 1 and 95-3 following modified pedigree method.  In the Shandong Provincial New Groundnut Variety Trials from 2008 to 2009, the dry pod yield of Huayu 36 averaged 5.43t ha-1 at 22 locations, 8.05% higher than the control Luhua 11.  In a field demonstration test at eight locations in 2010,  Huayu 36 had 4.73t ha-1 pod yield, 9.0% higher than Fenghua1.  In the Country New Groundnut Variety Trials from 2010 to 2011, the dry pod yield of Huayu 36 averaged 4.33t ha-1, 7.05% higher than the control Huayu19.  In a field demonstration test in 2012, Huayu 36 gave 5.08t ha-1 pod yield, 4.12% higher than Huayu19.  Huayu 36 had an erect growth habit, sequential flowering. The 100-pod mass is 270.05g and 100-seed mass is 107.95 g. Its  seeds contained 51.47％oil , 25.2% protein , and 0.2%  C18:3.  The oleic acid/linoleic acid(O/L) ratio was 1.19.  It matured in 130 days in the spring season.
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Abstract 95
The national peanut variety regional trail in southern China 2011

S-x Li*, N Zhong, X-q Liang, G-y Zhou, Y-b Hong, and S-j Wen
Crops Research Institute, Guangdong Academy of Agricultural Sciences, Guangzhou 510640, China

Thirteen new peanut varieties were tested in the national peanut variety regional trail in southern China during spring season 2011. The regional trail locations were distributing over an area of seven provinces in southern China.  Twelve varieties produced more pod yield than the control Shanyou523 and one variety produced less than the control Quanhua551, Hanghua3, Shanyouyou1, Hangua2, Zhongkaihua10, Zhanyou82, and Guihua68 produced more than the control at an extremely high significance level; minhua7 produced significantly more than the control;  Puhua23,Heyou12 and Fuhua4 produced more pod yield than the control but yields were not significantly different; and Yunhuasheng3 produced significantly less than the control.  Quanhua551, the advanced variety produced a pod yield of 4.596 t ha-1 with an increase of 12.06% over the control. In seed quality analysis, Zhongkaihua10 had higher oil content (53.84%) than the other varieties, Longhua9 had higher protein (28.64%), Shanyouyou1 had higher oleic acid (47.3%),  and Puhua3 had higher linolic acid (38.5%).  Based on the identification of resistance at Hong, four varieties showed high resistance to bacterial wilt, including varieties Hanghua2, hanghua3, Zhongkaihua10, and Heyou12.

Key words: peanut, variety, regional trail
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Abstract 96
Random distribution of amyloplasts and high GA content related to negative gravitropic growth of peanut gynophore in MLO-infected plants

H Liu, W Zhu, X Chen, Y Hong, H Li, S Wen, and X Liang*
Crops Research Institute, Guangdong Academy of Agricultural Sciences, Guangzhou, China. 
Peanut, Arachis hypogaea L., is well known as having aerial flowers and subterranean fruit. Due to the subterranean fructification after flowering, the gravitropic gynophore elongation and penetration into the soil are essential for the fruiting in peanut. During the event, gravity is related to the orientation of gynophore growth. Recently, however, we found the gynophore grows upward in mycoplasma-like organisms (MLO) infected peanut plants. Previous studies suggested that amyloplasts and plant endogenous hormones were involved in plant gravitropism.  To explain the negative gravitropism of the MLO-infected gynophores, anatomical structure and hormones (IAA, GA and ABA) were analyzed for the gynophores from infected and uninfected peanut plants. Our results show that MLO-infected gynophores showed no amyloplast sedimentation, decrease in number and mass of amyloplasts, and a higher GA content than uninfected gynophores. The abnormal amyloplast location in statocytes could be the reason the MLO-infected gynophores remaining straight. Results obtained in this study hint that high GA content promoted the expression of the α-amylases gene, which resulted in the degradation of starch, thus contributing to decrease the amyloplast number. The decreased number and random displacement of amyloplasts lead to the gynophores growing upward vertically. Taken together, starch might act as the booster of amyloplasts sedimentation and GA mediated gravity response in plants by regulating the expression of α-amylases.

Key Words: peanut, gynophore, gravitropicsm, amynoplasts, sediment gibberellin
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Genome-wide association analysis (GWSA) of quantitative traits in 166 worldwide mini-core peanut germplasm

 Unknown
Industrial crops research institute, Henan Academy of Agricultural Sciences ,  Zhengzhou 450002, China

Association analysis and QTL mapping were two approaches to identify the relationship of molecular markers with traits.  Association analysis is based on linkage disequilibrium(LD) and has been widely used in quantitative traits of plant genomic research.  In this study, the research population was composed of 166 peanut accessions which including two parts: 136  Chinese peanut cultivars that originated in different provinces of China and 20 American peanut germplasm lines belong to the U.S. peanut mini-core collection.  The whole genome of the peanut cultivars were screened with 64 SSRs, known to have a high level of diversity, and located across the composite genetic linkage map constructed at HAAS in 2009.  By using Structure 2.3.1, the genotypes of peanut were used to detect the 166 accessions and to assign individuals to subpopulations by Q. Then by using Tassel 2.1, GLM(Q) was established by joining 166 genotypes of germplasm and yield traits for two years and quality traits for three years with Q of population structure as the covariate. The 166 germplasm lines were assigned to seven subpopulations where five subpopulations mainly consisted of Chinese peanut cultivars and two subpopulations mainly consisted of American peanut germplasm.   The population structure was consistent with geographic origins and the characters, respectively, the research population was proved to be suitable for GWSA.  By constructing the GLM(Q) with 64 genome-wide SSR loci and nine yield traits in 2011 and 2012, 49 SSRs could be detected separately each year, 26, 22, 15, 19, 16, 16, 25, 22, 19 SSRs were associated with ZJG, CZC, ZFZ, JGZ, DZBG, DeJG, BGZ, BRZ. and Y,  respectively. By association analysis with 64 SSRs and  quality traits including protein content and oil content, oleic acid and linoleic acid from the year 2010 to 2012, 25, 27, and 35 SSRs were detected, respectively, and 24, 25, 24, and 18 SSRs were associated with the four quality traits,  respectively.  Integrating the information of SSRs associated with these 13 important agronomic traits in 2 or 3 years, there was no SSR loci associated with protein or oil content.  ARS545 was associated (P<0.001) with oleic acid and linoleic acid from the years 2010 to 2012, GC-104 was associated (P<0.01) with oleic acid, and pPGPseq2D12B was associated (P<0.05) with linoleic acid. There were 9, 13, 5, 3, 1, 1, 9, 8, and 9 SSRs were simultaneously associated with ZJG, CZC,ZFZ, JGZ,DZBG, DeJG,, BGZ, BRZ and Y in 2011 and 2012.  The SSRs associated with, BGZ, BRZ and Y may be the same. 
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Abstract  98   
Isolation and sequence analysis of AhDGAT3 promoter from peanut

L Shi, F-y Qi, S-y Han, B-y Huang, W-z Dong, F-s Tang, and X-y Zhang*

Industrial crops research institute, Henan Academy of Agricultural Sciences / Key Laboratory of Oil Crops in Huanghuaihai Plains, Ministry of Agriculture / Henan Provincial Key Laboratory for Oil Crops Improvement, Zhengzhou 450002, China

Seed-specific promoters play important role in the genetic engineering of oil plants. The objective of this study was to clone a seed-specific promoter from peanut for future use in generating new peanut materials through genetic engineering.  The 2181 bp upstream sequence of Arachis hypogaea diacylglycerol acyltransferases 3 (AhDGAT3), a seed-specific expression gene, was isolated from genomic DNA of the peanut cultivar Yuanza9102 by using PCR-based genomic walking method. In silico analysis revealed that it contained -300 elements, CACGTG motif, DRE2,GARE, TGACGT motif, SEF3 binding site, RY repeat (CATGCAY) cis-elements, which related to seed-specific expression. Several putative hormone- and stress-inducible cis-elements were identified in cloned sequence, which include ABRE and ABRE-like, ARR1-binding, BOX II, MYB, LTRE, LTRE cis-acting elements. These findings suggest that the identified promoter was seed-specific and inducible by abiotic and biotic stress.
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Abstract 99 

Screening of mutants and construction of mutant population in peanut “Yuanza9102”

SY Han, XY Zhang*, H Liu, M Yan, ZX Zhang, XW Zang, FS Tang, WZ  Dong, and BY Huang
Industrial Crops Research Institute, Henan Academy of Agricultural Sciences/Henan Provincial Key Laboratory for Genetic Improvement of Oil Crops/Peanut Sub-center of the National Center for Oil Crops Improvement, Zhengzhou 450002;  Biological Engineering Department, Zhengzhou University, Zhengzhou 450000

A peanut mutant population was constructed by treating seeds of peanut “Yuanza9102” with 60Coγ rays and EMS, respectively.  In the M3 generation there were more than 10 mutants of leaf, stalk, and seed obtained. In addition, the mutants of protein and oil contents were identified; there were 47 mutants with an increase of more than 5% of protein content and five mutants with more than 5% of total protein and oil content compared with the control. These mutants will serve as new germplasm in breeding. The mutant population will be useful to study functional genomics in peanut.
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Development of markers for detecting FAD2 mutation in B genome of the high-oleate peanut result from a MITE insertion into the FAD2 gene 

F Qi, X Zhang*, B Huang, H Liu, Z Sun, W Dong, and F Tang  

Industrial crops research institute, Henan Academy of Agricultural Sciences, Zhengzhou 450002, China

There are two kinds of high-oleate peanut genotypes according to the FAD2 gene mutation types in the B genome which including an “A” insertion type and a MITE (miniature inverted-repeat transposable element) insertion type. The high-oleate peanut resulted from either A insertion or MITE insertion was usually used as donor parent in the breeding program for high-oleate peanut varieties. For the A insertion types, which derived from a naturally occurred mutation of FAD2, several molecular markers have been developed and applied in the Marker Assistant Selection in high-oleate peanut breeding programs. However, we realized that MITE insertion type was an efficient alternative as donor parent for high-oleate peanut breeding and developing the specific markers for this type would greatly decrease the breeding cost and improve breeding efficiency. In present study we developed a pair of DNA markers to distinguish the offspring with or without MITE insertion in FAD2 gene by utilizing partial sequences of the MITE as primers. The positive result from one of the markers could detect FAD2 gene with MITE insertion and the positive result from another marker could detect FAD2 gene without MITE insertion. The homozygous and heterozygous genotypes of MITE insertion can be differentiated by combing the two PCR results. The genotyping results were confirmed by the consistency between the  oleic acid content and homozygous or heterozygous genotypes of MITE insertion respectively. 
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Molecular genetic variation in  cultivated peanuts germplasm of Henan and detection of their elite allelic variations

B Huang1, X Zhang1*, L Miao1, S Han1, Z Sun1, B Guo2, W Dong1, and F Tang1
1 Henan Academy of Agricultural Sciences, P R China

2 USDA-Agricultural Research Service, Tifton, USA

Groundnut or peanut (Arachis hypogaea L.) is an economically important crop worldwide as a source of protein and cooking oil, particularly in developing countries. Because of its narrow genetic background and shortage of polymorphic genetic markers, molecular characterization of cultivated peanuts is very limited. Recently two sets of highly informative SSRs developed by ICRISAT (199 SSRs) and the University of Brazilia (66 SSRs) with higher PIC over 0.5 have been reported. The objective of this study is to investigate the genetic variation of the cultivated peanut germplasm in Henan for future breeding studies by using the highly informative SSRs. We have used these markers to genotype 48 peanut popular cultivars and breeding lines representing top producing regions from China (Henan Province and Shandong Province) and USA (Georgia and Texas) and screened out polymorphic genetic markers in these varieties. In the present study, genetic diversity of 128 varieties of peanut germplasm in Henan  were studied and their allelic variations in agronomic traits were detected by associated analysis of agronomic traits with the screened highly informative SSR markers. The result could contribute to peanut breeding to improve agronomic traits and marker-assisted improvement of peanut in the future.
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Abstract 102
Improvement of quality and safety of edible peanuts in China

R Wen
MARS, China
China, the largest consumer base worldwide, is also the largest peanut producer. The domestic demand of superior food is rising rapidly in China, thanks to the soaring increase of middle class. As the raw material of many foods, the quality of edible peanut becomes important. Here in this presentation, five major factors that contribute to the quality of edible peanut will be discussed. Ways to improve the quality of edible peanut will also be summarized. By paying attentions to these quality related factors, and following ways outlined in this presentation, the quality of edible peanut can be improved to and maintained at high standard in China.
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Abstract 103 
Reports on new peanut varieties introduction in Hainan province

S Feng1, X Zhang2, B Huang2, D Bai3, B Hou4, Y Chen1, and Y Wu1*

1 Qiongzhou University, Sanya, China
2 Henan Agricultural Institute, Zhengzhou, China

3 Shanxi Agricultural Institute, Linfen, China

4 Hainan Agricultural Institute, Haikou, China; 
Peanuts are important oil crops, widely growing in semi-arid regions, and it is one of major oil crops in China, an important source of human protein and vegetable oil.  Hainan is located in the most southern part of China, with the annual average temperature of 22-27 °C; there is abundant rainfall, and most of the areas are suitable for peanut growth and development requirements, but the locally planted peanut varieties are mainly farm varieties, with backward cultivation measures and low yields.  In this study, a total of 35 varieties introduced from Henan Agricultural Institute and Shanxi Agricultural Institute to plant experimentally in Hainan Province. The results showed that the yield per mu of the varieties ranged from 182 kg to 387 kg, which of variety No. w9706 from Henan Agricultural Institute was 380 kg, and that of variety No. 9812 from Shanxi Agricultural Institute reached up to 387 kg, which were in extremely significant level than the check cultivar. The common appearance of the two varieties is a short plant, compact style, with many effectively bearing branches, high full-pod rate, disease resistant to leaf spot, rust and stem rot, and good maturity.  Moreover, the total sugar, soluble protein, crude fat and six common fatty acids of these varieties were also detected.
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Abstract 104 
Peanut Leafy Cotyledon1-like is Essential for Regulation of Seed Lipid Fatty Acid Composition

Silong Chen1, Yurong Li1*, Boshou Liao2**
1 Institute of Food and Oil Crops, Hebei Academy of Agriculture and Forestry Sciences, Laboratory of Crop Genetics and Breeding of Hebei Province, Shijiazhuang 050031, China
2 Oil Crops Research Institute of the Chinese Academy of Agricultural Sciences, Wuhan 430062, China

Peanut (Arachis hypogaea), with more than 50% oil content in seed, is one of the most important oil crops and serves as a good source of edible oil. In order to understand how different genes regulate fatty acid composition and TAG formation, we have constructed a seed full-length cDNA library with a high oil (56%) peanut line.  Several ESTs related with biosynthesis and regulation of fatty acid and TAG were identified from the cDNA library. Based on the EST sequences, full-length AhLEC1-likeA and AhLEC1-likeB cDNAs encoding transcription factors involved in embryonic development were cloned and characterized. AhLEC1-likeA and AhLEC1-likeB transcripts were both accumulated primarily in developing seed and were consistent with the rate of oil accumulation. A constitutive over-expression vector of AhLEC1-likeA gene under the control of 35S promoter and a seed-specific over-expression vector of AhLEC1-likeA under the control of napin promoter were constructed, respectively, and they were used to transform the wild-type Arabidopsis via Agrobacterium. There was no detrimental effect on embryogenesis and seed maturation in transgenic plants. Over-expression of AhLEC1-likeA enhanced fatty acid accumulation in transgenic seeds. Generally, compared with that of wild-type seeds, the relative ratio of C16:0 and C18:2 in total fatty acids were significantly decreased, whereas that of C20:1 was significantly increased. The unsaturated fatty acid ratio was also slightly increased. The C18 fatty acids ratio was reduced, whereas the C20 fatty acids increased more than 15% compared with that of the nontransformed plants. The results indicated that AhLEC1-likeA may play an essential role in fatty acid biosynthesis and composition modification.
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Abstract 105
Cloning of peanut NBS resistance gene to Aspergillus flavus on peanut

Li Chun-juan1, Zhang Ting-ting1, Zheng Yi-xiong2, Yan Cai-xia1, Wan Shu-bo1, Shan Shi-hua1*
1 Shandong Peanut Research Institute, Qingdao-266100, China 

2 Zhongkai University of Agriculture and Engineering, Guangzhou-510225, China

Peanut is susceptible to infection by Aspergillus flavus which results in excessive of aflatoxin in peanut. A NBS-LRR type R gene fragment PnAG3 was amplified with a pair of degenerate primers which were designed according to the NBS conserved regions of peanut.  The full length cDNA consisting of 1876 bp and a 1335 bp open reading frame of  the gene PnAG3 was cloned. Multiple analyses showed that it had homology with some resistance proteins, among which an Arachis cardenasii resistance protein gene had the highest homology (48.01%).  Sequence analysis showed the deduced PnAG3 protein contain conserved NBS motifs such as P-loop, Kinase-2, Kinase-3a, GLPL and RNBS-C motif.  Two pairs of real-time fluorescence quantitative PCR primers, which according to the sequence of PnAG3 gene and DF-actin gene, respectively, were designed to construct the pMD18-T-PnAG3 and pMD18-T-Actin recombinant plasmid. A SYBR Green I real-time fluorescence quantitative PCR method was successfully established to precisely analysis the peanut PnAG3 gene expression level. Using this method, the PnAG3 gene expression was detected in two different peanut varieties and expression changed with time.  Results showed that after A. flavus infection, the expression changes of gene PnAG3 in J11, a resistance variety, was increased 16.68 times, 11.16 times and 25.96 times in seed coat, seed,  and pericarp, respectively.  However, it only increased 2-3 times in JH1012, a sensitive variety. After infection, the peanut quality and amount of aflatoxin in different varieties also changed. This study verified that gene PnAG3 has a positive relationship with peanut resistance to A. flavus infection. 

Keywords: Peanut, Aspergillus flavu, NBS-LRR gene cloning
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Abstract 106  
Expression and characterization of PnLOX2 gene related to Aspergillus flavus-resistance from peanut (Arachis hypogaea L.) seed coat
C Yan1, C Li1, S Wan2, T Zhang1, Y Zheng3 and S Shan1*
1 Shandong Peanut Research Institute, Qingdao 266100, China

2 Shandong Academy of Agricultural Sciences, Ji’nan 250100, China

3 Zhongkai University of Agriculture and Engineering, Guangzhou 510225, China

Aflatoxin contamination caused by Aspergillus flavus is one of the major destructive legume diseases of peanut worldwide. The peanut seed coat is a crucial barrier in the process of A. flavus infection. The objective of the study was to clone PnLOX2 gene from the peanut seed coat and analyze its relationship with A. flavus-resistance. Real-time PCR analysis indicated that the PnLOX2 gene was overexpressed in the challenge of A. flavus and the greatest expression occurred 10 days after inoculation. The PnLOX2 gene had higher expression in the resistant genotype than in the susceptible genotype. It illustrated that the expression of the PnLOX2 gene was inducible in the peanut seed coat. The cDNA full length of the  PnLOX2 gene was 2592 bp as obtained by RT-PCR method which encoded a 97.5 kDa protein containing 863 amino acids. The DNA was 3491 bp long using the PCR containing 8 introns of 900 bp and an open reading frame of about 2600 bp.  Prokaryotic expression and SDS-PAGE of the PnLOX2 gene showed that the maximum recombinant protein was obtained at 3.5 h after inoculation for 1 to 5 h at 37ºC and the optimum induced time was 3.5 h. The fusion protein only existed in the precipitation, indicating that the protein is insoluble and existed in the inclusion body of bacterial cells.  These data preliminarily verified that the PnLOX2 gene was closely related to A. flavus-resistance of peanut. Further investigations were needed to bacteriostatically identify the gene in vitro.

Keywords: peanut seed coat, Aspergillus flavus, PnLOX2 gene, cloning, prokaryotic expression
*E-mail: shhshan@sina.com;
Abstract 107
Cloning of a peanut gene resistant to waterlogging

T-t Zhang1, L Li2, X Zhou1,2, S-b Wan1, C-x Yan1, S-h Shan1*
1 Shandong Peanut Research Institute, Qingdao-266100, China

2 Hu’nan Agricultural University, Chang Sha-410128, China
Waterlogging stress can seriously affect the peanut production in China, especially in the South China. In this study, gene AhGLB was cloned and a full length cDNA sequence was obtained from peanut. Using the other plant GLB coding sequences found in  Genebank, including: NM_127165 (Arabidopsis), AY026343 (tomato), AY151389 (potato), Q9FVL0 (alfalfa), and U47143 (soybean), primers of peanut AhGLB gene were designed by homology analysis. By using PCR, we obtained the middle fragment of 351 bp and successfully cloned the AhGLB gene (which is 613 bp) by RACE technology.  The fragment was transformed into E. coli, afterwhich plasmids were extracted and gene content was calculated.  A real-time PCR calibration curve was drawn by using different dilutions of the standard plasmids. AhGLB homology analysis showed that the AhGLB non-symbiotic hemoglobin gene homology have reached the levels above 85% with soybean, Vigna radiata,  Lotus japonicas, and other legumes. Real-time quantitative PCR analysis revealed that the peanut AhGLB gene expression was at different levels in roots, stems and leaves; the relative value in roots was highest.  The NO3- can induce the non-symbiotic hemoglobin expression in the peanut roots and leaves, the AhGLB expression level in root was, first increased then decreased, but still higher than the comparison levels. The AhGLB expression in leaves showing the “N”-shaped trend, first increased, then decreased, and finally rising. Under hypoxia stress, the AhGLB gene expression in peanut can be induced.  The expression of in roots was much larger than in leaves.

Key words:  Peanut, AhGLB gene,  nonsymbiotic hemoglobin, hypoxic stress
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Abstract 108
Cloning and characterization of a NB-ARC gene AhRAF4 induced by Aspergillus flavus infection in peanut 
Y Deng1, H Chen1, LW Jiang2, DR Cook3, C Zhang1, TC Cai1, B Zhang1, CH Zhuang1, YX Zheng1, WJ Zhuang1* 

1 Fujian Key Laboratory of Crop Molecular and Cell Biology, Fujian Agriculture and Forestry University, Fuzhou, Fujian, China 

2 School of life sciences, the Chinese University of Hong Kong, Hong Kong, China

3 Department of plant pathology, University of California at Davis, Davis, California, USA

Peanut aflatoxin contamination seriously harms human and animal health worldwide as being one of the strongest carcinogen. In defending pathogens infection plants have evolved many disease resistance genes against pathogens which have broad application prospects on the molecule breeding in plants. For the purpose of obtaining the key aflatoxin contamination resistance gene, many NBS-LRR like genes have been isolated using a microarray with high density of unigene probes. One of the isolated genes, AhRAF4, had six fold up-regulated expression induced by A. flavus infection and was cloned by RACE. There are at least five members for AhRAF4 family with variance sequences characterized with SNPs resulting in differed length of ORFs. The cDNA with longest ORF was 3482 bp in length with an open reading frame coding a polypeptide of 936 amino acids and containing a NB-ARC, LRRs and P-loop functional domains. These domains shared high similarity with NBS-LRR class resistance proteins in soybean, alfalfa, castor and other crops. Expression analysis showed AhRAF4 mainly expressed in roots, leaves and pod carp, it was almost independent of other biotic/abiotic stresses but apparently up-regulated by A. flavus. In addition, AhRAF4 could be induced by MeJA, a signaling molecule, which could stimulate the expression of plant defense genes, and an Oxylipin-like substance, which has been characterized as cross-talking signaling between host peanut and A. flavus. At the primary stage of inoculation, the synergistic induction of A. flavus and drought stress to AhRAF4 in susceptible genotype was more apparent than that in the resistant genotype, at the late stage of inoculation, the change of differential expression turned gentle.  We speculated that AhRAF4 could involve in the recognition of A. flavus infection. This work provide with initial resource for further study toward understanding the mechanism underlining aflatoxin contamination. 
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Abstract 109
Identification and characterization of a NBS-LRR gene AhRAF42 down-regulated by Aspergillus flavus infection in peanuts  

C  Zhang1, Y Deng1, H Chen1, LW Jiang2, PK Nancy3, TC Cai1, CH Zhuang1, B Zhang1, YX Zheng1, and WJ Zhuang 1*,
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Peanut is an economically important oil crop worldwide. A recurrent challenge to peanut industry is the significant loss caused by aflatoxin contamination. Knowledge of molecular mechanisms underlying host resistance could facilitate the genetic improvement of peanut.  In order to comprehensively understand the molecular mechanisms of peanut resisting A. flavus, we screened out a NBS-LRR class gene —AhRAF42 employing peanut high density microarray, which was down-regulated eight fold by A. flavus under drought stress. Isolating the full length cDNA by the method of rapid amplification of cDNA ends, there were six copies with different lengths of AhRAF42 family. These differences in length were mainly caused by insertion/deletion mutations. There was also a transition between purine and pyrimidine, resulting in the amino acids coded by these six copies being different. Structural analysis showed all of them shared functional domains with other R proteins, such as NB-ARC, LRR, P-loop, and so on. AhRAF42 is homologous to Rps1-k clusters which belong to NB-LRR type gene and confer resistance to Phytophthora sojae in soybean. AhRAF42 is mainly expressed in roots, and it was apparently down-regulated by the infection of A. flavus in drought stress. Its expression was also investigated in resistant and susceptible genotypes. The changes of expression were different between resistant and susceptible genotypes. We speculated AhRAF42 gene was involved in recognition and response to A. flavus. Our work provides insights for understanding the molecular mechanism of peanut defense against A. flavus and will   aid the progress toward controlling the aflatoxin contamination.
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Abstract 110
Morphologic and molecular analysis of embryo abortion in peanut (Arachis hypogaea L.) under deficient calcium stress 
H Chen1, C Zhang1, TC Cai1, CH Zhuang1, Deng Ye1, YX Zheng2, SB Zhou1, FT Zhang1, WJ Zhuang*1
1 Fujian Province Key Lab of Plant Molecular and Cell Biology, Fujian Agriculture and Forestry University, Fuzhou, Fujian, China 
2 Zhongkai University of Agriculture and Engineering, Guangzhou, China

Seed development is key important to yield and quality formation in peanut (Arachis hypogaea L.), but the underlined mechanism of embryo development is barely known. Employing embryos treated with deficient/sufficient calcium in soil as materials, which tend to produce sterile (empty-pods) and fertile (full-pod) embryos, respectively, we have been investigating early embryo development morphologically and in functional genomics. It was observed that deficiency calcium led young embryos at nine DFP to lose polar distribution of both the calcium ion and active calmodulin. Cells tended to apoptosis. Reverse synthesis appeared as starch granules, lipid body, protein body were somewhat obstructed and the embryos tend to abortive gradually via programmed cell death. Two SSH libraries from embryos toward fertility and sterility and one full length cDNA library from mixed RNA of both treated embryos were constructed. Six two differential expression genes selected from screening SSH library of deficient calcium treatment and 510 genes selected from differentially screening full length cDNA library were analyzed by Blast2GO. Later, these genes were characterized by high density of microchip with 101344 unigene probes and the express profiles of the two kinds of embryos were compared much widely and 3,176 genes with more than 2 fold up/down-regulated expression were isolated, including 29 kinases and 39 transcription factors. Among them four kinases, calcium calmodulin-dependent protein kinase IIa, type receptor kinase, protein kinase c and a carbohydrate kinase-like protein were analyzed. A heat transcription factor AhHsfa4a and a P450 which were selected by SSH library and confirmed by microarray analysis. There are nine members of Hsf family showed distinct expression patterns in various tissues and stresses, and only AhHsfa4  expression was greatly reduced, but the P450 was highly upregulated. It was demonstrated that reduced expression of AhHsfa4 and up-regulated P450 under calcium stress would lead embryo abortion via apoptasis. Therefore, these results provide basis for understanding the mechanism of embryo development and the embryo abortion induced by low calcium. 
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Abstract 111
Large scale isolation of organ specific expression genes and characterization of pod specific promoters for transgenic application in peanut (Arachis hypogaea L.)

 

WJ Zhuang *1, H Chen 1, C Zhang 1, XH Zeng, TC Cai 1, CH Zhuang 1, Y Deng 1, DR Cook 2, SZ Chen 1,  YX Zheng1 
1Fujian Province Key Lab of Plant Molecular and Cell Biology, Fujian Agriculture and Forestry 

University, Fuzhou, Fujian, China 
2University of California Davis, Davis, California, United States of America
3Zhongkai University of Agriculture and Engineering, Guangzhou, China
Numerous studies have been conducted on the tissue-specific regulation of gene expression in plants for disclosing molecular mechanism of organ development and for cloning upstream specific promoter toward transgenic applications and basic research. However, few organ-specific genes have been studied in peanut, an important oil crop grown worldwide. a high density of microchip with over 100,000 unigene probes were developed and were used to screen tissue-specific expression genes. We compare the expression profiles of the eight organs/tissues of root, stem, leaves, inflorescence, pegs, pod carp, testa, and embryos. The embryo gene expression profile showed the most distinct from those of any other organs/tissues but more similar to that of testa. The pod expression profile appeared more similar pattern to that of root. Hundreds of differential expression genes for each organ were analyzed and 20 to 60 organs or tissues specific expression genes was selected and characterized high throughput. Among them, more than ten pod carp specific expression genes and several A. flavus infection induced genes were further identified.  From them, 8 full length pod specific gene or embryo-nil expression genes and one A. flavus induced expression gene AhAF7 were cloned and 7 upstream promoters with various lengths were obtained. Four specific promoters were used to drive different kinds of resistant genes for being transformed into peanut. Therefore, these results have provided with a wide of resources for organ development investigations and transgenic applications. 
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Abstract 112
Cloning and Characterization of resistance genes to Bacterial wilt in peanut

 

WJZhuang 1*,  C1Zhang, H1Chen, YX1Zheng, CT1Cai, H2Guohao, CH1Zhuang. 

1Fujian Key Laboratory of Crop Molecular and Cell Biology, Fujian Agriculture  
and Forestry University, Fuzhou, Fujian 350002, China 

2Tuskegee University, Tuskegee, AL, USA

 
Bacterial wilt is one of the most important bacterial diseases worldwide，caused by Ralstonia solanacearum, a soilborne pathogen which attacks more than 200 plant species. Besides Arabidopsis no key resistant genes to R. solanacearum has been discovered in other plants. We taked forward and reverse methods for cloning resistance genes from peanut. We have proposed there was a main effective recessive gene controlling resistance to R. solanacearum in the cross between Yeyou 92 (resistance) and Xinhuixiaoli (susceptible) with some minor effective genes also involved. An F8 RIL population of 360 different lines was constructed and used for marks development and mapping of resistance loci. By microarray analysis of the expression profiles of Yeyou 92  and Xinhuixiaoli, 2861 genes from Yeyou 92 and 3758 genes from Xinhuixiaoli showing over 3-folds up-/down-regulated were found after infection of R. solanacearum. Eighteen NBS-LRR genes with >2 folds up/down expression were isolated. We have cloned 5 related genes, including an NB-LRR gene (AhRRS1) and an LRR gene (AhRRS2), etc. The expression patterns, sequence structure, cellular localization were characterized. Four genes were used to transform both peanut and tobacco via overexpression or RNAi silence. It was found Both AhRRS1 and AhRRS2 conferred tobacco resistance to R. solanacearum. The relationship of transformed genes and other important genes was also analyzed. It was suggested that AhRRS1 and AhRRS2 may be important members in the resistance pathway of R gene to R. solanacearum in peanut.
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