NCERA-200: Soybean Viruses

Project/Activity Title: Management Strategies to Control Major Soybean Virus Diseases in the North Central Region

Period Covered: 01/01/2010 – 12/31/2010

Annual meeting dates: 11/10/2010 – 11/11/2010

The NCERA-200 meeting was held November 9, 2010 in Ames, Iowa beginning at 8:30 AM.  A symposium on “Virus vector interactions and mechanisms of virus transmission” was presented in the morning with introduction by Rouf Mian (USDA-ARS) and David Wright (North Central Soybean Research Association).  The committee very much appreciates the support of the North Central Soybean Research Association for paying the cost of the room rental, the symposium and the included lunch.   Topics and speakers were:  “Beetle transmission of plant viruses…is spit involved?” by Rose Gergerich, Emeritus Professor, University of Arkansas, “Aphid-luteovirus interaction and blocking luteovirus transmission” by Bryony Bonning (Iowa State University), “Transmission of tospoviruses by thrips” by Anna Whitfield (Kansas State University), “How will the insect ecology affect plant viruses: What have we learned from soybean aphids?” by Matt O”Neal (Iowa State University), and “Expression and function of the overlapping Potyviridae open reading frame: pipo” by Allen Miller (Iowa State University).
Symposium attendees included the following:
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	AFFILIATION

	David Wright
	dwright@iasoybeans.com
	Iowa Soybean Association

	Rouf Mian
	Mian.3@osu.edu
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	Chet Sutula
	chet@agdia.com
	Agdia, Inc.

	Chris Zhang
	Czhan2@iastate.edu
	Iowa State University

	Lucy Stewart
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	USDA-ARA, Manhattan, KS

	Feng Qu
	Qu.28@osu.edu
	Ohio State University

	Sijun Lin
	sLin@iastate.edu
	Iowa State University, Ent.

	Guonjun Liu
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	Iowa State University
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	Iowa State University, Ent.

	Miriam Lopez
	lopezmd@iastate.edu
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	Iowa State University, Pl. Path.
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	Iowa State University, USDA

	Ioannis Tzanetakis
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	University of Arkansas
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	Iowa State University, Ent.
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	Oneal@iastate.edu
	Iowa State University, Ent.

	John Hill
	johnhill@iastate.edu
	Iowa State University, Pl. Path.

	Thanajin Thekkeveehil
	Tthekke2@illinois.edu
	University of Illinois

	Houston Hobbs
	jjobbs@illinois.edu
	University of Illinois

	Al Eggenberger
	ale@iastate.edu
	Iowa State University, Pl. Path.
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	jimena@iastate.edu
	Iowa State University, Pl. Path.
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	Iowa State University, Ent.

	Steve Whitham
	swhitham@iastate.edu
	Iowa State University, Pl. Path.
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	USDA-ARS, Univ. of Illinois

	Gustavo MacIntosh
	Gustavo@iastate.edu
	Iowa State University, Chemistry

	W. Allen Miller
	wamiller@iastate.edu
	Iowa State University, Pl. Path.

	Gary Munkvold
	Munkvold@iastate.edu
	Iowa State University, Pl. Path.

	Jose Pablo Soto-Arias
	jpsoto@iastate.edu
	Iowa State University, Pl. Path.

	Bryony Bonning
	bbonning@iastate.edu
	Iowa State University, Pl. Path.

	AnnaWhitfield
	aewtospo@ksu.edu
	Kansas State University


The annual business meeting 
After lunch, the annual business meeting was called to order by chairman Rouf Mian with the following attendees:
Steve Slack, Administrative Advisor- Ohio

Rouf Mian- Ohio

David Wright- North Central Soybean Research Program

John Hill- Iowa

Al Eggenberger- Iowa

Steve Whitham- Iowa

Ioannas Tzanetakis- Arkansas

Feng Qu- Ohio

Lucy Stewart- Ohio

Les Domier- Illinois

Sushma Jossey- Illinois

Houston Hobbs- Illinois

Anna Whitfield- guest from Kansas
Commnts from Steve Slack included discussion of the project rewrite which is in process.  It must be submitted by December 1, 2010.  He encouraged individuals to insure that they are signed up on the committee through submission of Appendix E.  He believes the symposium is a good function and suggested that the committee can provide a good medium through which a cooperative CAPS grant might be submitted in the future.
Reza Hajimorad (Tennessee) will be the next president and Feng Qu (Ohio) will be secretary.  Reza will appoint a program committee to plan the next symposium and meeting.
State reports were given by John Hill (Iowa), Ioannas Tzanetakis (Arkansas), Les Domier (Illinois), Al Eggenberger (substituting for Reza Hajimorad, Tennessee), and Rouf Mian (Ohio).  Discussion was centered upon the threat that the emerging Soybean vein necrosis virus might be in the future and potential for a cooperative effort to screen for resistance.  David Wright (NCSRP) suggested a proposal to the United Soybean Board concerning this virus might be appropriate.
Participants agreed that the next meeting should be held in Ames on November 9-10, 2011 in Ames, Iowa with an alternate date of November 14-15.  
The meeting was adjourned at 3:30 PM.
State Reports 2010:

 Arkansas:
Investigator: Ioannis Tzanetakis, University of Arkansas
There are two major projects underway on soybean virus and virus-like disease at the University of Arkansas. The first involves Soybean vein necrosis virus (SVNV), a project enhanced by NCERA-200 collaborations with Dr. Hajimorad at the University of Tennessee. SNVN is a new tospovirus with minimal similarity to any of the recognized species in the group. The genome  comprises of a 9 kb L, 5 Kb M and 2.6 Kb S fragment and phylogenetic analysis indicates that the virus sits in the middle of all recognized species of the group having significant implications in the evolution of the genus.  Thorough surveys (more than 30 fields visited) were conducted in several states [AR, KS, MO, IL [in collaboration with Dr. S. Kantartzi] and MS [in collaboration with Drs. T. Allen and S. Sabanadzovic]) and the virus was found in all but one of the fields visited. The highest incidence was recorded along the Mississippi river in Southern IL, Southeast MO, Northcentral Arkansas and Central MS.  Symptoms vary from few local lesions to major leaf necrosis. 

A diversity study was conducted using more than 30 isolates from the above mentioned states and KY. This study (using the complete nucleoprotein gene) showed that virus populations are very homogeneous as nucleotide identity between all isolates was over 98%.  This led to the assumption that the observed differences in symptomatology are germplasm-related and for this reason we have already started experiments to identify resistance or tolerance in Southern Illinois University germplasm (Dr. S. Kantartzi) whereas we are in the process of identifying selections from the University of Arkansas program (Dr. P. Chen) that will be evaluated next year. The virus is thrips-transmissible and vector species identification is underway.

The second project involves soybean bud proliferation and is done in collaboration with Dr. J. Rupe (University of Arkansas), Dr. R. Valverde (Louisiana State University) and Dr. S. Sabanadzovic (Mississippi State University). The latter collaboration was initiated through the NCERA-200 network. Bud proliferation was scarce in Arkansas and Mississippi the last two years but where present losses reached 100%.  Tobacco ringspot virus (TRSV) can cause the phenotype as determined in greenhouse experiments, whereas Bean pod mottle virus can cause the green stem phenotype but no bud proliferation was observed. In several cases, in Arkansas, the affected areas were larger than 10 acres and thus TRSV was eliminated as a possible causal agent because of its mode of transmission (nematodes; seed transmission<100%). More than 50 samples with typical disease symptoms were tested for the presence of phytoplasmas, but none was found infected. We have employed next generation sequencing using samples collected in AR and MS and data analysis is underway. We are also conducting experiments with stink bugs to examine the possibility that the phenotype is caused because of insect feeding. Finally, we are examining the possibility that the phenotype is caused by the physiological changes caused by seed abortion. Pods are collected at different maturation stages and changes in the new flowers and pods are observed for the proliferation phenotype.

Illinois:

Investigators

Leslie L. Domier, Glen L. Hartman, Curtis B. Hill, Houston A. Hobbs, Nancy K. McCoppin, Thanuja Thekke Veetil, Sushma Jossey, Sungyul Chang 

Virus distribution and incidence
In August of 2010, Houston Hobbs collected 30 soybean leaf samples from each of 10 commercial soybean fields in each of 12 Illinois counties.  Total RNA was extracted from samples pooled from each county.  The 12 total RNA pools were combined and submitted to the W. M. Keck Center for Comparative and Functional Genomics at the University of Illinois at Urbana-Champaign.  Following subtraction of ribosomal RNAs, the sample will be used to construct a random-primed cDNA library that will be sequenced with an Illumina Genome Analyzer IIx.  This analysis should permit the anonymous identification of all viruses infecting soybean plants in the 12 Illinois counties. 

Evaluation of Commercial Varieties for Soybean mosaic virus (SMV) Resistance

SMV is one of the most damaging soybean-infecting viruses worldwide.  To provide soybean growers information about the responses of commercial soybean varieties to SMV infection, Houston Hobbs rated nearly 400 soybean varieties for their responses to SMV infection in 2010. After two rounds of screening, six soybean lines, Delta Grow 5275, Dyna-Gro 34LL37RR2, Excel 8512 NRR, Merschman Everest RR (1081), Merschman Whitney 1154LL, and Southern States RT 5450N, were resistant to SMV G1. Last year, seven varieties out of 400 were resistant to SMV G1. The responses of all varieties were posted on the Varietal Information Program for Soybeans (VIPS) website (www.vipsoybeans.org)

Genetics of SMV seed transmission

Seed-borne infections are the primary sources of inoculum for SMV infections in the Midwest.  

To examine the inheritance of SMV seed transmission in soybean, crosses were made between plant introductions (PIs) with high (88799), moderate (60279) and low (548391) rates of transmission of SMV through seed. In four F2 populations, SMV seed transmission segregated as if conditioned by two or more genes. Consequently, Houston Hobbs and Nancy McCoppin evaluated the segregation of SMV seed transmission, seed-coat mottling and simple sequence repeat markers in a recombinant inbred line population derived from a cross between PIs 88799 and 548391. Regions on chromosomes 4 and 6 (formerly linkage groups (LGs) C1 and C2, respectively) were significantly associated with both transmission of isolate SMV 413 through seed and SMV-induced seed coat mottling, and explained approximately 42.8% and 46.4% of the variability in the two traits, respectively.  Chromosomal regions associated with seed transmission and seed-coat mottling contained homologues of Arabidopsis genes DCL3 and RDR6, which encode enzymes involved in RNA-mediated transcriptional and posttranscriptional gene silencing.

Role of SMV genes in seed transmission in soybean

Helper component protease (HC-Pro) and coat protein (CP) of other potyviruses have been shown to be involved in aphid and seed transmission and suppression of RNA silencing. To study the role of these genes in SMV seed transmission, Sushma Jossey constructed recombinant viruses from two isolates of SMV exhibiting low (SMV G2) and high (SMV 413) seed transmission and induced single amino acid changes by site-specific mutagenesis. SMV 413 had seed transmission rates of 20 to 40%, while no seed transmission was detected with SMV G2.  Chimeric clones containing P1 and HC-Pro coding regions from SMV413 and the remainder of the genome from SMV G2 exhibited milder disease symptoms than the two parent viruses, whereas clones with P1 and HC-Pro coding regions from SMV G2 and the remainder of the genome from SMV 413 showed increased symptoms severity, indicating that disease severity was associated with the P1-HC-Pro region. These recombinant virus clones in which the 5’ and 3’ halves of the genomes had been exchanged between the two virus isolates failed to show seed transmission. The results suggest that sequences in both the 3’-terminal and the 5’-terminal halves of the SMV genome are required for seed transmission of SMV. When the DAG amino acid sequence motif (a sequence associated with aphid transmissibility of potyviruses) near the amino terminus of the CP was changed to DAD in SMV 413, seed transmission was reduced to 13%. Because the mutation reduced, but did not eliminate seed transmission, the motif is not the sole determinant for seed transmission in the 3’-terminal half of SMV RNA. Additional recombinant and mutant clones have been constructed and are being evaluated for seed transmission.

Sources of resistance to Tobacco streak virus (TSV)

In soybean, TSV can cause significant yield losses and induces symptoms ranging from mild mosaic to bud blight, pod necrosis and plant death depending on the virus strain, host genotype and plant age at the time of infection. TSV is transmitted by thrips and through seed at rates ranging from 0 to >90% depending on the soybean line and virus isolate.  To identify sources of resistance to TSV, Houston Hobbs analyzed the Ancestral and Diverse Sets of the USDA soybean germplasm collection for their responses to TSV infection. Ancestral lines represent approximately 99% of the genetic variability of public soybean cultivars up to 1988, and Diverse Set lines contain genetic diversity additional to that of the Ancestral Set. Houston identified 19 Diverse Set soybean lines that showed temperature-dependent resistance to TSV infection.  This differs from the resistance previously identified in ‘Tanner’, which conditions extreme resistance to TSV much like the response of the resistance conditioned by the Rsv1 gene to SMV. Preliminary results suggest that the 19 PIs have resistance to systemic movement of TSV, which is partially overcome at high temperatures. 

Identification of determinants for differential packaging of Soybean dwarf virus (SbDV) RNAs
To analyze determinants for packaging of SbDV RNAs, Thanuja Thekke Veetil constructed infectious clones of two dwarfing isolates of SbDV, ClIL2 and W4, and standardized methods for Agrobacterium-mediated inoculation of plants. SbDV virions purified by differential and sucrose-gradient centrifugation from Nicotiana benthamiana leaves infiltrated with a cDNA clone of SbDV isolate ClIL2 or soybean plants systemically infected with SbDV isolate ClAgt2 contained genomic RNA (gRNA) and small subgenomic RNA (SsgRNA), but not large subgenomic RNA (LsgRNA). For both ClIL2 and ClAgt2, LsgRNAs formed separate peaks near the top of sucrose gradients that contained neither structural nor movement proteins. Hence, the cloned virus packaged the same RNAs in N. benthamiana as wild-type SbDV packaged in soybean.  In contrast, virions purified from N. benthamiana leaves infiltrated with clones of SbDV isolate W4 did not contain SsgRNA. Therefore, packaging of the SsgRNA was isolate specific. Site-specific, deletion and domain-exchange mutagenesis indicated that four nucleotide differences between the two isolates in two stem-and-loop structures in the SsgRNA were required for strain-specific packaging of SsgRNA.  Deletion of sequences in open reading frames (ORFs) 1 or 5 resulted in preferential packaging of LsgRNA, suggesting that sequences in these regions negatively regulate packaging of LsgRNA. In coinfiltration experiments, gRNA of a SbDV cDNA from which ORF5 had been deleted was preferentially encapsidated relative to wild-type gRNA by coat protein provided in trans by the wild-type virus. Hence, the SbDV genome contains both positive and negative regulators of RNA packaging.

Acquisition and transmissibility of United States SbDV isolates by the soybean aphid

SbDV exists as several distinct strains based on symptomatology, vector specificity, and host range.  The originally described Japanese isolates of SbDV were specifically transmitted by Aulacorthum solani.  More recently Japanese isolates, other exotic isolates, and endemic U.S. isolates have been shown to be transmitted by aphids of several different species.  The soybean aphid, the only aphid that colonizes soybean, has been shown to be an inefficient vector of some SbDV isolates from Japan and the U.S.  Extensive transmission experiments have shown that some populations of the soybean aphid can transmit certain isolates of SbDV if acquisition and inoculation access times are extended. Not all endemic isolates are transmitted by A. glycines and none are transmitted efficiently.  In addition, serial transmission of endemic isolates from one soybean to another could not be maintained indefinitely.  Many transmission experiments were lost after two serial transmissions but others were carried through four transfers.  Whether the loss of serial transmission would indicate an impairment to developing an epidemic with A. glycines as the vector requires further study. The soybean aphid has been in soybean fields in the U.S. for 10 years, and soybean dwarf infected plants have been found at a low percentage each year.  Although SbDV has the ability to be a devastating disease and an aphid vector that colonizes soybean is now present in the United States, we have not seen evidence of increased incidence of SbDV in soybean production fields.

Functional genomics of soybean seed development

In collaboration with Said Ghabrial at the University of Kentucky, a series of potential vectors for virus induced gene silencing (VIGS) based on TSV were constructed.  Sushma Jossey and Nancy McCoppin introduced multicloning sites (MCSs), a protease “cleavage” site and a green fluorescent protein (GFP) coding sequence into multiple locations in infectious full-length clones of RNAs 1, 2 and 3 of an Illinois isolate of TSV. A heterologous (Alfalfa mosaic virus (AMV)) subgenomic promoter also was inserted into RNA3 between the movement protein (MP) and coat protein (CP) coding sequences. Soybean seedlings were biolistically inoculated with cDNAs of wild-type and modified viruses.  Most of the modified clones were infectious. However, heterologous sequences were stable and retained in systemic leaves only when inserted into a variable region in the 3’ noncoding region of RNA1. Additional soybean gene fragments are being inserted into the RNA1 vector and evaluated for silencing.  

Ajay Singh and Anindya Bandyopadhyay constructed candidate TSV VIGS vectors based on a Kentucky isolate of TSV in a binary plasmid suitable for Agrobacterium-mediated inoculation.  The clones were infectious in tobacco, and experiments are in progress to develop agroinoculation for soybean employing Agrobacterium strain KYRT. Multicloning sites were introduced upstream and downstream of the MP coding region in RNA3 and the Parietaria mottle virus subgenomic promoter was inserted between the MP and CP coding regions.  The GFP coding sequence was inserted into the cloning sites of the vectors, and soybean and tobacco plants will be evaluated for TSV symptoms and GFP expression.  Also, enzyme-linked immunosorbent assay for detection of TSV in agroinfiltrated plants was optimized. 

Because of the difficulties encountered constructing a stable VIGS vector in TSV RNA cDNAs, experiments were initiated to evaluate three additional seed-transmitted soybean-infecting viruses as vectors.  Virus particles were purified for soybean isolates of AMV, Soybean yellow mottle mosaic virus (SYMMV) and Tobacco ringspot virus (TRSV).  Highly infectious DNA copies of SYMMV were constructed. The frequency of SYMMV transmission through seed is being evaluated in multiple soybean lines inoculated with SYMMV infectious clones. Experiments have been initiated to introduce multicloning sites into SYMMV genomic RNA and to construct infectious clones of AMV and TRSV RNAs.

Soybean aphid biotypes and fine mapping of aphid resistance genes.

The soybean aphid is an economically important pest in soybean in North America. Genes (Rag1 and Rag2) for resistance to two soybean aphid biotypes were previously identified in soybean. In 2010, Ki-Seung Kim mapped Rag1 to a 115-kb interval on soybean chromosome 7 (formerly LG M) and Rag2 to a 54-kb interval on chromosome 13 (formerly LG F). Both intervals contained nucleotide-binding site-leucine-rich repeat genes that resemble previously cloned resistance genes. In 2010, Curt Hill identified a new aphid biotype (biotype 3) that readily colonizes soybean plants expressing the Rag2 gene. The identification of soybean aphid biotypes that can overcome Rag1 and Rag2 resistance, even before soybean cultivars with the resistance genes have been deployed in production, suggests that there is high variability in virulence within North American soybean aphid populations. Such variability in virulence gives the pest a high potential to adapt to and reduce the durability of deployed resistance genes. The search for new soybean aphid resistance genes must, therefore, continue, along with the development of alternative sustainable pest management strategies.
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Project participants:  (Iowa State University) John H. Hill (Co-PI), Steve Whitham (Co-PI), T. Baum (Co-PI), L. Leandro, Al Eggenberger, Chunquan (“Chris”) Zhang, Sehiza Grosic, Michelle Graham, Randy Shoemaker; (other institutional collaborators) Dean Malvick (U. Minn), Craig Grau (U. Wis), Kerry Pedley (ARS-USDA, Ft. Detrick), Melissa Mitchum (U. Mo), Brian Diers (U. Ill), R. Hajimorad (U. Tenn)

Over the past year our efforts have continued to be focused on the development of durable, broad-spectrum resistance to stress in soybeans.  The effort is largely targeted towards the identification of genetic pathways involved in resistance that, in the longer term, will result in understanding common mechanisms that are involved in protecting soybeans against distinct groups of agents that induce plant stress.

Efforts over the past year have been primarily directed towards soybean mosaic virus (SMV), bean pod mottle virus (BPMV), soybean cyst nematode (SCN), white mold (Sclerotinia), brown stem rot (BSR, Phialophora), sudden death syndrome (SDS, Fusarium), Asian soybean rust (Phakopsora) and iron chlorosis   To accomplish this task we have enlisted an expert network of collaborators.

Previously we described the reverse genetics approach using virus-induced gene silencing (VIGS) that we are using to accomplish this effort Notably, over the past year the VIGS vector has been redesigned so that we now have a new DNA based high-throughput DNA-based BPMV vector for gene expression and/or VIGS in soybeans and other legumes.  This vector is based upon a unique endemic BPMV virus isolate found in Desmodium illinoense in a relic prairie in central Iowa.  The vector is far more efficient than the previous BPMV vector and overcomes many of the technical limitations discovered in the previous vector.  It can be introduced into plants through either mechanical (DNA rubbing) or biolistic inoculation.  Some factors associated with the design of the previous vector imposed constraints that limited utility.  For example, in the previous versions VIGS target sequences must be expressed as fusion proteins in the same reading frame as the viral polyprotein.  This requirement limits the design of VIGS target sequences to open reading frames.  In addition, the previous design strategy restricts the utility of these vectors for VIGS because they cannot be used to target genes with very short reading frames or non-coding sequences such as promoter regions and untranslated regions.  Also, the strategy did not make it possible to discern if RNA polarity influences the efficiency of target gene silencing.  In addition, expression of multiple genes or simultaneous silencing of one gene and expression of another (i.e., marker gene assisted gene silencing) was not possible.  The new vector is designed for simultaneous expression of multiple foreign genes, insertion of non-coding/antisense sequences, and simultaneous marker gene assisted gene silencing In addition, the new vector allows us to modulate symptom severity to provide the opportunity to optimize symptoms to suit the phenotypic assay conditions.   The new vector is rapid, low cost, high yield, and can be used in a variety of genetic backgrounds.  It allows for expression of heterologous proteins in soybeans for study of gene function, production of pharmaceuticals, analysis of plant-microbe interactions, fungicide and insecticide screening, metabolic engineering, and nutrient improvement.  It allows specific down regulation of a single gene, members of a gene family, or sets of distinct genes.  It can be used for analyses in either shoots or roots.  To facilitate and enlarge information available on genetic networks in soybean, the new vector is being widely distributed to laboratories in the soybean research community through appropriate Material Transfer Agreements negoiated by Iowa State University and applicable federal permits.

Further efforts have resulted in identification of genes playing a role in Rpp2-mediated resistance to Asian soybean rust and the proposal of the genetic framework involved in the Rpp2 defense response.  In addition, a search for BPMV resistance has yielded a large number of lines showing tolerance.  These will be evaluated further for selection of a few lines with multiple traits that can be made available as germplasm for incorporation of resistance.  The project is also attempting to understand the interaction of the Rsv1 resistance gene with SMV to provide guidance for work with other systems.  The advanced genetic information available with the SMV system is used as a paradigm for investigations with other soybean pathogens.  In addition, genes involved in resistance to white mold have been identified and work is in progress to more fully characterize the interaction.  Other efforts are centered upon improving assay systems for SDS, BSR, SCN, and iron chlorosis.
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Ohio:

Soybean Aphid (SA) and Bean Pod Mottle Virus (BPMV) Research, USDA-ARS and OSU/OARDC, Wooster, OH
Collaborators: Rouf Mian, Peg Redinbaugh, Ron Hammond, Andy Michel, Steve St. Martin, and Feng Qu

1. Developing four recombinant inbred line (RIL) populations (currently F4) for mapping QTL for partial resistance to BPMV using previously identified plant introductions (Mian et al. 2009) as the sources of resistance. QTL mapping will start in 2012 using F6-derived RILs.

2. Two years of field evaluation of soybean aphid resistant breeding line with the Rag2 gene was completed and no yield drag was detected in the aphid resistant line. 

3. Mapping of QTL for partial resistance to soybean aphid using F6 RIL in a second population was completed. Two genes control aphid resistance this in this population

4. Studying mechanisms of aphid resistance using proteomics and metabolomics

5. Two years of field evaluation of a beetle resistant indeterminate maturity group III soybean breeding line indicated no yield drag.  

6. Characterization of transgenic soybean plants resistant to three different viruses (AMV, BPMV, and SMV)

------------------------------------
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Tennesse:

Investigators: M. R. Hajimorad, R.-H. Wen, B. He, B. Khatabi, O. L. Fajolu (University of Tennessee). 

Other institutional collaborators: M. A. Saghai Maroof (Virginia Tech); A. L. Eggenberger, J. H. Hill ((Iowa State University); I. E. Tzanetakis (University of Arkansas), and D. Hershman (University of Kentucky). 

Virus distribution and incidence

In June 2009 and 2010, field grown soybean plants exhibiting various virus-like symptoms were observed in the East Tennessee Research and Education Center. Leaf samples from a total of 35 symptomatic plants were collected. Sap extracted and analyzed by antigen coated indirect ELISA while using polyclonal antibodies against Alfalfa mosaic virus (AMV), Soybean mosaic virus (SMV), Bean pod mottle virus (BPMV) and Bean yellow mosaic virus (BYMV). Some of the tissues were infected with more than one virus. A total of 9 samples were positive for BPMV, 25 for SMV, 5 for AMV and 3 for BYMV. AMV had not been isolated from field grown soybean in Tennessee previously. Thus one of the isolate was characterized in detail and compared with an isolates of the virus collected from soybean in Illinois. 

Seed transmissibility of Alfalfa mosaic virus (AMV) in soybean

Alfalfa mosaic virus is considered an emerging viral disease of soybean in the midwestern United States. The virus was previously reported from field grown soybeans in Wisconcin, Kentucky, and Indiana. Recently, it was also isolated from field grown soybean in Illinois and Tennessee.  Its presence in soybean has partly attributed to the introduction of the soybean aphid (Aphis glycines) in these areas. AMV seed transmissibility has been well demonstrated in a number of crops such as alfalfa. However, in regard to soybean, statements on AMV seed transmission have been published, but without supportive experimental evidence, and in one instance detected based on symptomatology in a single cultivar. To provide unequivocal experimental evidence, we studied seed transmissibility of a few well characterized AMV strains in soybean cultivars Colfax, Lee68 and Williams82. AMV seed transmissibility varied from 0 to 9% dependent upon virus strains and soybean cultivars involved.  Infected seed may serve as a reservoir for survival and spread of AMV in soybean. 

Development of an antibody-based assay for detection and quantification of alfalfa mosaic virus (AMV) in soybean.  Through a contract with Covance Inc. (Princeton, New Jersey) we have now raised polyclonal antibodies against bacterially expressed coat protein preparations of two strains of AMV in rabbits. Each rabbit was injected 6 times and received a total of 500 ug of antigens over a period of 4 months. Our preliminary assessments showed that the antibodies are highly specific as they did not react with sap extracts from the healthy soybean tissues. The generated antibodies detected AMV in the infected soybean tissues in two different immunoassays with high level of specificity and sensitivity. The sensitivities of the generated antibodies is being compared with polyclonal antibodies raised previously against stabilized (treated) or native (untreated) particles of the same AMV strains.      

Production of polyclonal antibodies against bacterially expressed coat protein of Soybean mosaic virus (SMV). Quality polyclonal antibodies against SMV are available.  However, due to unique structure of SMV particles, these antibodies are more suitable for assays such as ELISA and do not perform well in immunoassays, such as western-immunoblotting, where the degraded viral particles are displayed. We have now generated quality polyclonal antibodies against bacterially expressed coat protein of SMV-G7d that react with high level of specificity and sensitivity against SMV particles in various assays including western-immunoblotting. The produced antibodies are highly sensitive as well.   
Production of polyclonal antibodies against two non-structural proteins of Soybean mosaic virus.  Two non-structural proteins of SMV, P3 and helper-component proteinase (HC-Pro), are involved in interactions with the Rsv1-locus that mediates extreme resistance against majority of SMV strains. Furthermore, P3 is also involved in overcoming resistance mediated by soybean Rsv4-gene. We have now generated polyclonal antibodies against bacterially expressed P3 and HC-Pro in rabbits. The specificity and sensitivity of the produced antibodies in various immunoassays are being examined.         

Production of polyclonal antibody against Soybean necrotic vein virus (SNVV). This is a new virus of soybean that was detected in 2008 in field grown soybeans in Tennessee and Arkansas. In 2009 the presence of the virus in Kentucky and Illinois soybean fields was also established. We have now expressed the coat protein of an isolate of the virus from Kentucky in bacteria, used it as an immunogen and generated polyclonal antibodies against the virus. The produced antibodies are high specific to the virus and do not cross-react with an isolate of Tomato spotted wilt virus or protein extracts from healthy soybeans. Currently the sensitivity of the generated antibodies is being examined in various assays including ELISA and western-immunoblotting. The availability of this antibody will facilitate future epidemiological study.  
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