Climate Change in the USA Midwest: What the maize and soybeans are telling us.
David A Lightfoot, GAAB-LLC, PSAS, SIUC Carbondale IL62901
Climates change and bring on new diseases. Plants mature later and later in the Midwest. Maize is ever more lacking in nutritional value. Soybean and Maize get more diseases from th South than ever. Novel tools to improve resistance to sudden death syndrome (SDS) and the underlying Fusarium root rot (FRR) caused by Fusarium virguliforme (Aoki) have been developed for soybean [Glycine max (L.) Merr.]. Mainly because this Rebel disease has marched North, opposed by a Rebel General named cultivar (Forrest). Between eighteen and thirty resistance loci have been identified due to clustering the real number is unclear. Many were confirmed over the past twenty one years (named Rfs1 to Rfs18). To select the beneficial alleles of 8 to 10 loci per cross needed for optimal resistance is a difficult task for plant breeders. Crops contend with many Fusaria, a group with a wide host range and flexible hemibiotrophic lifestyle. Full resistance is absent. SDS is a combination of two diseases. FRR, includes rotted roots and toxin-restricted root development. Leaf scorch, supra-petiolar abscission, pod abortion and early plant maturity are consequences of many toxin to target interactions. Breeding for combined FRR and SDS resistance using a set of exciting new tools for pathogen quantification in roots has progresssed. Resistance genes were proven, including GmRLK18-1 (Glyma_18_02680) Rfs2 through trangenics, and also MIPs1a (EC 5.5.1.4; Rfs3) by mutation. NILs and SNPs were used to confirm two more genes on chromosome 18 (Rfs and Rfs1). Some candidate genes were identified. Maize has been bred for nutritional vaue, not just weight at the farm gate…The new tools provide an opportunity for new breeding initiatives. Core discoveries from the past 21 yrs  aim to incorporate best practices from old and new initiatives to deal with global warming.
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As one of the cheapest agricultural inputs ($200-400 per Ha) nutrient (NPK) fertilizers tend to be applied in excess of crop needs. Since all crops are heavily fertilized directly or from the rotational crop residue high nutrient use efficiency (NutUE) during high soil concentrations is the metric commonly targeted for improvement by breeders and biotechnologists in this field.  NutUE is often defined as the percentage of fertilizer nutrients recovered by a crop. NutUE  is the product of many components. On a coarse  scale NutUE is determined by  nutrient productivity (NutP) and the mean residence time of nutrients (MRT). In turn they are expressions of: 1. Nutrient uptake efficiency;  2. The fraction of the nutrients translocated to the seed;  3. The translocation index; 4. Soil supply efficiency; and 5. Developmental efficiency. Consequently on a fine genomic scale thousands of genes and hundreds of regulatory networks contribute to NutUE from seed germination to final harvest in the plant and hundreds more to the microbial activity in the soil. Improvement of cereal NutUE could enable practices directed toward reducing ground-water and coastal-water contamination by N, P and K. The decreased undesirable environmental effects and reduced dietary intakes could decrease several environmental, human and animal health problems. For brevity this presentation focuses on genes and regulatory networks with major effects on NutUE with an emphasis on patented technologies near commercialization and pending patents. Enhanced NutUE by plants should enable crops to be cultivated under low nitrogen availability, slow and  “intelligent” release fertilizers, water and biotic stress conditions or poor soil quality.


Soybean (Glycine max (L. Merr.)) resistance to an (Placeholder1)y population of  Heterodera glycines (I.), or Fusarium virguliforme (Akoi, O’Donnell, Homma & Lattanzi) required a functional allele at Rhg1/Rfs2. H. glycines, the soybean cyst nematode (SCN) was an ancient, endemic, pest of soybean whereas F. virguliforme causal agent of sudden death syndrome (SDS), was a recent, regional, pest. The role of a receptor like kinase (RLK) GmRLK18-1 (Glyma_18_02680) was within the Rhg1/Rfs2 locus and causes  resistance to SCN and SDS in trans- (actually cis-) genic plants. An 82 kbp BAC (B73p06) encompassing DNA from Peking introgressed into Forrest was sequenced from a resistant cultivar and compared to the sequences of two susceptible cultivars from which exactly 800 SNPs were found. Across 62 sequenced genomes few additional SNPs were found. There were only 18 SNPs between susceptible cultivars. However the BAC did not encompass the repeat region inferred to be linked to Rhg1 in other studies. The RLK as a cis-geneic was sufficient to confer nearly complete resistance to both root and leaf symptoms of SDS caused by F. virguliforme and provided partial resistance to three different populations of nematodes (mature female cysts were reduced by 30-50%). Field trials of transgenic plants from 2010-2014 showed an increase in resistance to SDS and SCN. The inference that soybean has adapted part of an existing pathogen recognition and defense cascade (H.glycines; SCN)  to a new pathogen (F. virguliforme; SDS) was supported by immunolocalization and ligand binding of the protein. Therefore, there are broad implications for crop improvement. Stable resistance to many pathogens might be achieved by manipulation the genes encoding a small number of pathogen recognition proteins.
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Abstract:
Soybean’s  (Glycine max (L.) Merr.) major pathogens are Heterodera glycine I. (agent of soybean cyst nematode SCN or moonlight disease) and Fusarium virguliforme (Snyder, Haas, Aoki; agent of sudden death syndrome (SDS)). The major resistance locus to both pathogens was the Rhg1/Rfs2 locus located on chromosome 18. Analysis of Sanger DNA sequence of a bacterial artificial chromosome (BAC) clone, (B73P06) of 82,157 bp in insert size, that contained the Rfs2/Rhg1 locus identified 800 SNPs (1bp) and 57 indels (of 2-56 bp) between a resistant (‘Forrest’) and two susceptible cultivars (‘Williams 82’ and ‘Asgrow 3244’). The susceptible cultivars had just 12 SNPs and no indels between them. The 800 polymorphisms between the resistant and susceptible cultivars clustered within 59 kbp of the insert, in three sections that had probably resulted from 6 or more recombination events (743 SNPs in the 59 Kbp; from 1,500–60,500 bp). There were 5 predicted recombination breakpoints found at 733; 6,601; 15,035; 44,740 and 79,211 bp. The third and fourth breakpoints were located before gene 3 (Glyma18g02670) and after gene 5 (Glyma18g02680; the RLK at Rhg1/Rfs2) so genes 3,4 and 5 were inferred to be Peking derived DNA within Rhg1/Rfs2 region.  The highly polymorphic DNA was inferred to be from the resistance donor Peking. Comparisons of single nucleotide polymorphisms (SNPs) identified in Illumina sequences from 31 semi-domesticated and domesticated Glycine sp. genomes showed 80% of the total SNPs that were found in B73P06 and that Forrest had 79% of all SNPs found among the 31 genomes. In this region Forrest’s DNA was most polymorphic to ‘Beijing No.4’ a black seeded, semi-domesticated susceptible line. Annotation and gene prediction showed the BAC gene prediction encoded 9-10 genes with genes 6 and 7 being one fused gene in Forrest but not susceptible cultivars. These genes were comprised of 57 exons (2–8 per gene). There were only 31 SNPs within the gene exons but 137 among the introns. Just 11 SNPs caused amino acid changes (non-synonymous-SNPs). There were 5 SNPs in potential cis-regulatory elements and 14 in core promoter regions.The similarity between the SNP polymorphism frequencies in this current research and the SNPs from 31 genomes with polymorphism frequency in the regions encompassed by BAC B73P06 indicated the regions that were introgressed from Peking DNA. Here we infer and hypothesize the polymorphic regions were the sites where recombination(s) occurred to bring in the set of SCN and SDS resistance alleles for multiple genes from Peking DNA. The genes at the locus are highly conserved and so are inferred to be subject to purifying selection.
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Abstract
The protein encoded by GmRLK18-1 (Glyma_18_02680 on chromosome 18) and GmRLK11-1 were nearly identical, syntenic, receptor like kinases (RLK)  encoded within and outside the soybean (Glycine max L. Merr.) Rhg1/Rfs2 locus respectively. The locus underlies resistance to the soybean cyst nematode (SCN) Heterodera glycines (I.) and causal agent of sudden death syndrome (SDS) Fusarium virguliforme (Aoki). The aims here were to localize the RLKs; and evaluate 4 mutant alloproteins LRRs ability to;  homo-dimerize; bind larger proteins; and bind to small peptides. In planta proteins were localized to the pericycle by immunohistochemistry. The purified LRR domain, from residue 131-485, was seen to form a mixture of monomers and homo-dimers in vitro. Cross-linking experiments in vitro showed the H274N,Q and V region was close (<11.1 A) to the highly conserved cysteine residue C196 on the second homo-dimer subunit. Binding constants of 20-142 nM for peptides found in plant and nematode secretions were depended on peptide and mutant sequences. A LRR from GmRLK08-1 (Glyma_08_g11350) did not show these strong interactions. The LRR domain bound avidly to 4 different CLE peptides, a cyclophilin and a methionine synthase in a sequence dependent fashion. The CLE peptides GmTGIF and HgCLE were shown to alter stem morphology and resistance to SCN and SDS.  Therefore, the LRR domains of GmRLK18-1 and GmRLK11-1 might underlie both root development and disease resistance in soybean and provide an avenue to develop new variants and ligands that might promote reduced losses to SCN and SDS. 


