NCERA-200: Soybean Viruses

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

Period Covered: 01/01/2009 – 12/31/2009

Annual meeting dates: 11/10/2009 – 11/11/2009

The soybean virus symposium titled “Mechanisms of Resistance to Soybean Viruses” was held on October 10, 2009 from 10 AM to 5 PM. The symposium started with opening remarks from Drs. David Wright (NCERA President, 2009) and John Hill. John Hill told the group that David Wright received the prestigious “Henry Wallace Distinguished Award” from Iowa State University in 2009. There were a total of four talks presented: (1) Mechanisms of Resistance of Plants to Pathogens: Are common mechanisms or case-by-case mechanisms more relevant? – presenter: Andrew Bent, University of Wisconsin, (2) Driving Innate Immunity: Emerging perspectives on the role of the ER, nucleus, and chloroplasts – presenter: S. Dinesh-Kumar, Yale University, (3) Rsv1/soybean mosaic virus research – presenters: Saghai Maroof, Virginia Polytechnic Institute and Raza Hajimorad, Univ. of Tennessee, (4) Virus induced gene silencing (VIGS) for gene function studies in plants - presenter: S. Dinesh-Kumar, Yale University. 
Attendance: More than 70 people attended the symposium proving the importance of the subject matters and the excellence of the speakers. The attendees included: 
	Name
	Affiliation
	Email

	David Wright
	NCSRP
	dwright@iasoybenas.com

	John Hill
	Iowa State University
	johnhill@iastate.edu

	Feng Qu
	OSU/OARDC
	Qu.28@osu.edu

	Matthew Moslov
	Iowa State University
	moslov@iastate.edu

	Rouf Mian
	USDA-ARS, OSU
	Mian.3@osu.edu

	Jon Allen
	Pioneer
	Jon.allen@pioneer.com

	Curt Hill
	University of Illinois
	curthill@illinois.edu

	Jing Jin
	Iowa State University
	jingjin@iastate.edu

	Yan Meng
	Iowa State University
	yanmeng@iastate.edu

	Vijayapalani
	Iowa State University
	vijaya@iastate.edu

	Chunhing Yang
	Iowa State University
	chunyang@iastate.edu

	Sehiza Grosic
	Iowa State University
	shadzic@iastate.edu

	Tobias Link
	Iowa State University
	tilink@iastate.edu

	Reza Hajimorad
	Virginia Tech
	mrh@utk.edu

	Alice Hui
	Iowa State University
	ahui@iastate.edu

	Dehui Xi
	Iowa State University
	xidehui@iastate.edu

	Congfeng Song
	Iowa State University
	songozozzz@yahoo.com.cn

	Chris Zhang
	Iowa State University
	czhanz@iastate.edu

	Bing Yang
	Iowa State University
	byang@iastate.edu

	Roger Wise
	USDA-ARS/ISU
	rpwise@iastate.edu

	Rishi Sumit
	Iowa State University
	rsumit@iastate.edu

	William Rutter
	Iowa State University
	wrutter@iastate.edu

	Jason Pierce
	Iowa State University
	J2pierce@iastate.edu

	Steve Whitham
	Iowa State University
	swhitham@iastate.edu

	Naeinder Pal
	Iowa State University
	pal@iastate.edu

	Nick Lauter
	Iowa State University
	nickl@iastate.edu

	Yi-Hsiang Chou
	Iowa State University
	yhchou@iastate.edu

	Junhui Zhou
	Iowa State University
	junhui@iastate.edu

	David Hessel
	Iowa State University
	dhessel@iastate.eud

	Tom Peterson
	Iowa State University
	thomasp@iastate.edu

	Qing Ji
	Iowa State University
	gingji@iastate.edu

	Al Eggenberger
	Iowa State University
	ale@iastate.edu

	Sead Sabanadzovic
	Mississippi State U.
	Ss507@msstate.edu

	Ioannis Tzanetakis
	Univ. of Arkansas
	itzaneta@uark.edu

	Houston Hobbs
	University of Illinois
	jjobbs@illinois.edu

	Les Domier
	USDA-ARS/Uof Illinois
	ldomier@illinois.edu

	Jian Zhony Liu
	Iowa State University
	jzliu@iastate.edu

	Saghai Maroof
	Virginia Tech
	smaroof@vtedu

	Madan Bhattacharyya
	Iowa State University
	mbhattac@iastate.edu

	Brian Freeman
	USDA-ARS, ISU
	Briologu@iastate.edu

	Michelle Graham
	USDA-ARS, ISU
	Michelle.graham@ars.usda.gov

	Lori Lincoln
	USDA-ARS, ISU
	Lori.lincoln@ars.usda.gov

	Gustavo MacIntosh
	Iowa State University
	Gustavo@iastate.edu

	Allen Miller
	Iowa State University
	wamiller@iastate.edu

	David Grant
	USDA-ARS, ISU
	David.grant@ars.usda.gov

	Aoedra Kachroo
	Univ of Kentucky
	Apkach2@uky.edu

	Sue Tolin
	Virginia Tech
	stolin@vt.edu

	Gwyn Beattie
	Iowa State University
	gbeattie@iastate.edu

	Steven Slack
	Ohio State University
	OARDC@OSU.EDU

	Andrew Bent
	University of Wisconsin
	afbent@wisc.edu


The symposium was adjourned at 5 PM after a15 minutes open discussion and comments at the end.  

The annual business meeting started at 8:30 AM on October 11. 
Attendees: David Wright (NCSRP), Rouf Mian (USDA-ARS, Ohio), Aoedra Kachroo (University of Kentucky), Sue Tolin (Virginia Tech), Saghai Maroof (Virginia Tech), Reza Hajimorad (University of Tennessee), Sead Sabanadzovic (Mississippi State), Ioannis Tzanetakis (Arkansas), Al Eggenberger (Iowa State University), Feng Qu (Ohio State University), Steven Slack (Ohio State University), John Hill (Iowa State University), Houston Hobbs (University of Illinois), Curt Hill (University of Illinois), Les Domier (USDA-ARS, Illinois), Steve Whitham (Iowa State University)

President, David Wright, welcomed the group and presented a brief overview of the program. The minutes from the 2008 annual meeting were discussed and approved unanimously. 

Dr. Steve Slack welcomed the group and requested that every one should review the existing participant list for his/her own institute and update the list to reflect the current situation.

The state reports were presented by one or more representatives as follows: 
Iowa: by John Hill and Steve Whitham; Illinois report by Les Domier; Arkansas by Ioannis Tzanetakis; Mississippi by Sead Sabanadzovic; Tennessee by Reza Hajimorad; Kentucky by Aardra Kachroo; Virginia by Sue Tolin; and Ohio by Rouf Mian and Feng Qu. Please see reports from states below.        

Dr. Wright requested that every state send the electronic copy of their report to him and Rouf by the end of November. He also requested other state representatives who were not present at the meeting to send their report electronically so that those can be included in the annual report. 
Nomination for the post of secretary for was sought. Rouf Mian nominated Reza Hajimorad for the post and John Hill seconded. No other nomination was made and Dr. Hajimorad was unanimously selected as the secretary for 2010. 
Following the tradition, Rouf Mian, Secretary for 2009, became the President for 2010. Drs. Slack, Rouf Mian and others in the meeting expressed their thanks to Dr. Wright for his outstanding job as the 2009 President. 

The following items for 2010 were discussed:

1. Nov 9-10 or Nov 16-17 was proposed as possible dates for the NCERA 200 Symposium for 2010. One of the two dates will be confirmed later after learning from all participants.

2. Tentative organizing committee for 2010: Drs. John Hill, David Wright, Reza Hajimorad, and Rouf Mian

3. Tentative proposal writing committee: Drs. Les Domier, David Wright, Steve Whitham, Reza Hajimorad, Sue Tolin, and Rouf Mian
State Reports 2009:

Illinois:

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

Virus distribution and incidence:

Houston Hobbs worked with scouts of Asian soybean rust sentinel plots in Illinois to collect samples that were used to estimate the incidence of soybean-infecting viruses in Illinois.  In 2008, Bean pod mottle virus (BPMV) was the most prevalent virus and was detected in 10 of 28 sentinel plots.  In 2009, commercial soybean fields in seven counties in southern Illinois were assayed for virus infection.  BPMV was detected in four of seven counties and Soybean dwarf virus (SbDV) was detected in one, Fayette County in south central Illinois. With this finding, SbDV has been detected in commercial soybean fields in nine Illinois counties. 

Identification and characterization of Soybean yellow mottle mosaic virus:

A new soybean infecting virus, Soybean yellow mottle mosaic virus (SYMMV), was identified in Korea. SYMMV initially induces bright yellow mosaic symptoms on leaves followed by stunting and reduced growth of older leaves. SYMMV is most similar to, but distinct from the Carmovirus Cowpea mottle virus, which is widespread in West Africa, and is transmitted by beetles and through seed. To determine whether SYMMV is present in the United States, quantitative RT-PCR assays were designed and used to assay soybean plants from Illinois and Mississippi for SYMMV infection. SYMMV was detected in six of ten 100-leaf pools from a research field in Stoneville, Mississippi that contained 19 soybean germplasm lines (including five from Korea). The nucleotide sequence of the 4009 nt genomic RNA of the Mississippi isolate of SYMMV (FJ707484) was 96% identical to the Korean SYMMV isolate. Because of the sampling techniques used, it was not possible to associate SYMMV-positive plants with disease symptoms. 
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 about 375 varieties for their responses to SMV infection in 2009. In the first two rounds of screening, seedlings were inoculated at the unifoliate stage with SMV G1 and varieties with symptoms were eliminated. In the final round of screening, 4-6 plants of each cultivar were inoculated with SMV G1 and screened for virus infection by ELISA.  Seven soybean cultivars (Beck 376 NL, Merschman Truman 938LL, Merschman Wilson 1037LL, Merschman Miami 949LL, Nutech 3378L, Horizon 36-66L, and UniSouth Genetics USG 5601T) were identified as resistant to SMV G1. This is an increase over last year when just one of 350 varieties was resistant to SMV G1. The responses of all varieties were posted on the Varietal Information Program for Soybeans (VIPS) website (www.vipsoybeans.org)

Functional genomics of soybean seed development:

In collaboration with Said Ghabrial at the University of Kentucky, Sushma Jossey, Ajay Singh, and Nancy McCoppin constructed a series of potential vectors for virus induced gene silencing (VIGS) based on Tobacco streak virus (TSV).  Multicloning sites (MCSs) were inserted into full-length clones of RNA2 at three locations downstream of the 2B gene, a duplicated subgenomic promoter and MCS into the intergenic region of RNA3, and Thosea asigna virus CHYSEL sequence and MCSs into RNA3 upstream of the 3A coding region and upstream and downstream of the coat protein (3B) coding region.  Soybean seedlings were biolistically inoculated with cDNAs of wild-type and modified viruses.  All of the modified clones were infectious. All but one containing a deletion in the 2B gene produced symptoms indistinguishable from the unmodified virus.  Sequencing representing a portion of the phytoene desaturase gene and a complete green fluorescent protein gene were inserted into the modified viruses. The modified viruses tested so far have not retained inserted sequences in systemic leaves.  To attempt to stabilize the inserts, alternative insertion locations are being evaluated and a full-length clone of RNA1 from a divergent TSV isolate from Kentucky is being substituted for the cognate Illinois RNA1 clone.

A source of resistance to Asian soybean aphids:

Asian soybean aphids (Aphis glycines) are major insect pests of soybean. Previously Curt Hill, Brian Diers, and Glen Hartman identified and mapped two dominant genes, Rag1 and Rag2, from ‘Dowling’ and ‘Jackson’, respectively, that confer resistance to soybean aphids.  Plant introduction (PI) 200538 also shows strong resistance to soybean aphids. To determine the inheritance of resistance and to map gene(s) controlling resistance in PI 200538, F2 populations were developed from crosses between PI 200538 and three susceptible genotypes (‘Ina’, LD02-4485 and ‘Williams 82’) and assayed for segregation of resistance and microsatellite markers. In all three crosses, resistance to soybean aphids segregated as a single dominant gene in a 3:1 genetic ratio. Segregation among F2:3 families from the crosses confirmed the dominant resistance gene hypothesis. The gene mapped to soybean linkage group F, flanked by the microsatellite markers Satt510, Soyhsp176, Satt114, and Sct_033, located in the same region as Rag2. Since the resistance gene in PI 200538 also gave resistance to soybean aphid biotypes 1 and 2, it is possible that the gene is Rag2 and not a new aphid resistance gene. Therefore, PI 200538 may be an additional source of Rag2.

Genetics of SMV seed transmission:

Seed-borne infections are the primary sources of inoculum for SMV infections in the Midwest.  To identify regions of the soybean genome that permit SMV to be transmitted efficiently through seed, populations of recombinant inbred (RI) lines were generated and phenotyped in replicated trials for transmission of SMV through seed. Seed transmission rates of SMV ranged from 0 to 43% among the lines. Nancy McCoppin scored 120 microsatellite markers in 250 soybean RI lines to map soybean genes involved in seed transmission of SMV and seed-coat mottling. She also scored seeds from each population for the color of mottling, the percent of mottled seed and the degree to which seed coats were mottled. Next, the molecular and phenotypic data will be combined and analyzed. 

Sources of resistance to Tobacco streak virus:

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 also is transmitted 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 is analyzing Ancestral and Diverse Sets of the USDA soybean germplasm collection for their responses to TSV infection. The Ancestral Set contains 95 lines that represented 99% of the genetic variability of public soybean cultivars as of the 1980’s. To date, 92 of 95 Ancestral Set lines have been tested and are susceptible to TSV. The Diverse Set, which contains 3000 soybean lines, was assembled by Dr. R. Nelson, Curator of the Soybean Germplasm Collection, and represents genetic diversity not necessarily covered by the Ancestral Set.  From the first 1000 lines in the Diverse Set, nine soybean lines were identified that appeared to be resistant to infection by an Illinois soybean isolate of TSV after multiple rounds of inoculation of plants from each line.  Additional testing of the lines will be necessary to verify resistance and determine whether resistance, if verified, is general or specific to this isolate of TSV. Tanner, a minor contributor to the genetic diversity of modern soybean lines, was earlier shown in our research to be resistant to TSV.

Soybean dwarf virus diversity:

SbDV is obligately transmitted by colonizing aphids in a persistent manner. Thanuja Thekke Veetil analyzed the amino acid sequence diversity of readthrough proteins (RTPs) of 24 dwarfing isolates of SbDV from Wisconsin and Illinois. The RTP, a minor component of viral capsids, has a significant role in specificity of aphid transmission of members of the Luteoviridae. Among the isolates, nucleotide sequence identities ranged from 95 to 100%. The predicted amino acid sequences differed at 56 positions in the 54-kDa readthrough domain compared to only five positions in the 22-kDa core coat protein. Phylogenetic analysis of both predicted amino acid and nucleotide sequences showed three distinct clusters of SbDV isolates. 

Publications:

Hill, C. B., Kim, K. S., Crull, L., Diers, B. W., and Hartman, G.L. 2009. Inheritance of resistance to the soybean aphid in soybean PI200538. Crop Sci. 49:1193-1200.

Kim, K. S., Hill, C. B., Hartman, G. L., Mian, M. A. R., and Diers, B. W. 2008. Discovery of soybean aphid biotypes. Crop Sc. 48:923-928.

Li, S. Moon, J. S. Lee, S. H., and Domier, L. L. 2009. First report of Soybean yellow mottle mosaic virus in Soybean in North America. Plant Dis. 93: 1214.

Li, Y., Zou, J., Li, M., Bilgin, D. D., Vodkin, L. O., Hartman, G. L., and Clough, S. J. 2008. Soybean defense responses to the soybean aphid. New Phytol. 79:185-195.

Nam, M., Kim, S. M., Domier, L. L. Koh, S., Moon, J. K., Choi, H. S., Kim, H. G., Moon, J. S., and Lee, S. H. 2009. Nucleotide sequence and genomic organization of a newly identified member of the genus Carmovirus, soybean yellow mottle mosaic virus, from soybean. Arch. Virol. 154: 1679-1684.

Nelson, B. D. and Domier, L. L. 2009. First report of Soybean mosaic virus on soybean in North Dakota. Plant Dis. 93: 760.

Veetil, T. T., Hobbs, H. A., and Domier, L. L. 2009. Sequence diversity of readthrough proteins of Soybean dwarf virus isolates from the Midwestern United States. Arch. Virol. 154: 861-866.

Wille, B. D. and Hartman, G. L. 2008. Evaluation of artificial diets for rearing Aphis glycines (Hemiptera: Aphididae) Econ. Entomol. 101:1228-1232.

Wille, B. D. and Hartman, G. L. 2009. Two species of symbiotic bacteria present in the soybean aphid (Hemiptera: Aphididae). Environ. Entomol.38:110-115.

IOWA:

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, Chunling Yang, 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)

During the past year, the primary focus of the lab is to identify genetic pathways involved in both biotic and abiotic stress.  It is possible that identification of genes for resistance against a few target stressors will contribute to the understanding of common mechanisms involved in protecting soybeans against distinct groups of agents involved in plant stress.  The array of plant stressors under study include soybean mosaic virus, bean pod mottle virus (BPMV), soybean cyst nematode, white mold (Sclerotinia), sudden death syndrome (Fusarium), Asian soybean rust (Phakospora), and iron chlorosis.  An expert network of collaborators is involved in accomplishing this work.  

One of the primary reverse genetics tools being employed to accomplish this work is VIGS (virus-induced gene silencing).  A previously developed RNA-based BPMV vector has been modified as a DNA-based vector for high-throughput applications for soybean functional genomics.  Details of this work have been published within the past year.  In addition, the VIGS vector has been used for identification of the candidate gene for Rpp4 resistance against Asian soybean rust and details of this work have also been published. 

Further work is in progress to identify resistance/tolerance to BPMV.  Screening for resistance using populations furnished by the University of Wisconsin has identified two or three potential breeding lines that may have resistance/tolerance.  Screening of additional lines as well as replication of previous results is under way.  

 Publications:

Zhang, C., Yang, C., Whitham, S. A., and Hill, J. H.  2009.  Development and use of an efficient DNA-based viral gene silencing vector for soybean.  MPMI.  22:123-131.

Meyer, J. D. F., Silva, D. C. G., Yang, C., Pedley, K. F., Zhang, C., van de Mortel, M., Hill, J . H., Shoemaker, R. C, Abdelnoor, R. V., Whitham, S. A., and Graham, M.  2009.  Identification and analysis of candidate genes for Rpp4-mediated resistance to Asian soybean rust in Soybean (Glycine max (L.,) Merr.). Plant Physiol. 150:295-307.

Zhang, C., Yang., C., Graham, M., Whitham, S.A.,  and Hill, J. H.  2009.  Functional genomics of soybeans comes of age:  Development and application of high-throughput DNA-based gene silencing technology for soybeans.  Proceedings of the IX World Soybean Research Conference, August 2009, Beijing, China.

Zhang, C., Yang, C., Hill, J. H., and Whitham, S.  2009.  Functional analysis of defense gene networks in soybean using virus induced gene silencing (VIGS) vectors.  Abstract W302.  Plant and Animal Genomes XVII Conference.  

http://www.intl-pag.org/17/abstracts/W40_PAGXVII_302.html
Meyer, J. D. F., Silva, D. C. G., van de Mortel, M., Pedley, K. F., Hill, J. H., Shoemaker, R. C., Abdelnoor, R. V., Whitham, S. A., and Graham, M. A.  2009.  Identification and analysis of candidate genes for Rpp4 mediated resistance to Asian soybean rust in soybean (Glycine max). Abstract W474.  Plant and Animal Genomes XVII Conference.

http://www.intl-pag.org/17/abstracts/W70_PAGXVII_474.html

Zhang, C., Yang, C., Graham, M. A., Whitham, S. A., and Hill,  J. H.   2009. Functional genomics of major legume crops:  development and application of high-throughput DNA-based gene silencing technology for beans. The 9th International Plant Molecular Biology (IPMB) Congress. October 25-30, 2009, St. Louis, Missouri, USA.

Hajiimorad, M. R., Wen, R., Eggenberger, A. L., Hill, J. H., and Saghai Maroof, A.  2009.  Experimental evolution of an avirulent Soybean mosaic virus toward virulence on Rsv1-soybeans imitates mutations through selected natural evolution.  Phytopathology99: S50
KENTUCKY: 
Aardra Kachroo

Identifying soybean signaling components required for resistance to soybean mosaic virus (SMV)

Objective

Identify host factors contributing to defense against SMV and characterize their

molecular and biochemical functions

Approach

We use virus-induced gene silencing as a tool to characterize the defense-related functions of soybean sequences. Soybean orthologs of several defense components are identified based upon sequence similarities. Silencing soybean endogenous sequences and studying the effects of silencing on soybean defense to SMV have helped identify several soybean defense components as well as characterize defense signaling pathways in soybean. A vector derived from the bean pod mottle virus (BPMV) and developed by my colleague Dr. Said Ghabrial is being utilized for these functional studies in soybean.

Summary of findings

Our research thus far has resulted in the identification of two components that are essential for soybean extreme resistance to SMV. GmRAR1 and GmSGT1-2 are both required for Rsv1-mediated resistance. Silencing either of the two genes in the Rsv1 background abrogates resistance to SMV, resulting in the formation of HR-like cell death in the inoculated as well as systemic tissues of soybean. Furthermore, virus is easily detectable in the systemic tissues of inoculated plants. We have shown that GmRAR1 and GmSGT1-2 interact with each other as well a second isoform of SGT1 (GmSGT1-1). Additionally, the soybean genome encodes at Aardra Kachroo 2009 KY Report University of Kentucky

2 least two isoforms of Hsp90 (GmHsp90-1 and GmHsp90-2), both of which interact with GmRAR1, GmSGT1-1 and GmSGT1-2. Interestingly, GmHsp90-1 and GmHsp90-2 are not required for Rsv1-mediated resistance to SMV, suggesting that soybean utilizes conserved components for resistance signaling, however the specific requirements for the various components vary significantly. GmRAR1 and GmSGT1-2 are also required for resistance gene-mediated signaling to other pathogens as well as the induction of systemic acquired resistance in soybean. We are currently screening other soybean

sequences for their roles in defense against SMV. Identifying the various components of this pathway will enable the development of new strategies for generating SMV resistant varieties of soybean. We also showed that a novel fatty acid-derived defense-signaling pathway is conserved in soybean. Reduced levels of oleic acid in soybean induce pathogenesisrelated gene expression and the accumulation of salicylic acid in soybean. Consequently, the plants are resistant to multiple biotrophic pathogens. However, this pathway does not affect Rsv1-mediated resistance to SMV.

Publications

1. Fu D-Q, Ghabrial S, Kachroo A. (2009) GmRAR1 and GmSGT1 are required for basal, R gene-mediated and systemic acquired resistance in soybean. Molecular Plant-Microbe Interactions 22:86-95

2. Kachroo A, Fu D-Q, Havens W, Navarre DA, Kachroo P, Ghabrial SA. (2008) An oleic acid-mediated pathway induces constitutive defense signaling and enhanced resistance to multiple pathogens in soybean. Molecular Plant-Microbe Interactions 21:564-575

Ohio:

Participants: Rouf Mian, Peg Redinbaugh, Ron Hammond, Andy Michel, Steve St. Martin, and Feng Qu

Research:

1. Developing four recombinant inbred line (RIL) populations (currently at F3) for mapping QTL for partial resistance to BPMV using previously identified PIs (Mian et al. 2009). 

2. First year of field evaluation of soybean aphid resistant breeding line with the Rag2 gene was completed and yield drag was detected in the aphid resistant line. 

3. Mapping of QTL for partial resistance to soybean aphid are in progress using F6 RIL populations

4. Studying mechanisms of aphid resistance in two soybean aphid resistant PIs  

5. Developing a diagnostic procedure for quickly identifying common soybean viruses (AMV, BPMV, and SMV)

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

Publications:

Mian MAR, ST Kang, MG Redinbaugh.  2009. Microsatellite diversity of soybean genotypes differing in leaf symptoms of bean pod mottle virus. Canadian Journal Plant Science: 89: 359-67

Redinbaugh. M. G., J E. Molineros, J. Vacha, S. A. Berry, R. B. Hammond, L. V. 

Madden and A. E. Dorrance.  2009.  Bean Pod Mottle Virus Movement in Insect 

Feeding Resistant Soybeans.  Plant Disease (in revision).

Tennesse:

Investigators: M. R. Hajimorad, Ronghui Wen, Martha Malapi-Nelson, Bing He (University of Tennessee)

Collaborators: John Hill, Allen Eggenberger (Iowa State University), M. A. Saghai Maroof  (Virginia Tech), Ioannis Tzanetakis (Arkansas University),  Donald E.  Hershman (University of Kentucky).  

Analysis of alfalfa mosaic virus (AMV) infected soybean plants to determine proper sampling of tissues for virus detection. We have studied the distribution of AMV in the infected tissues of three cultivars of soybeans inoculated with five biologically distinct isolates of the virus by indirect ELISA over a period of more than three months. Samplings of the leaf tissues from the infected plants were done at 30, 60, and 90 days-postinoculation (dpi).  The analyses of all the leaves by indirect ELISA showed that AMV is detectable in all the tissues irrespective of the leaf position at 30 dpi. However, when the same infected plants were analyzed at 60 and 90 dpi, the virus was easily detectable in the upper leaves of the infected plants, but not in the older leaves. These observations suggest that targeting the younger leaves for sampling is a reliable means of AMV detection in the infected plants. We have also collected all the seeds from the infected soybean cultivars Colfax, Lee and Williams82 with these strains. We will germinate the seeds in the growth chamber and screen the seedlings for the presence of SMV by indirect ELISA and symptom expression. This will provide valuable information regarding the efficiency of AMV transmission in soybean via seed.

Production of coat protein of the AMV strains in bacteria. We think protein of the AMV produced in bacteria rather than in plants is a better antigen for injection into the rabbits. This strategy will yield high quality antiserum with minimum cross-reactivity against proteins of healthy soybeans. This is because the antiserum that are produced against virus particles purified from the plants normally have high background due to the presence of antibody generated against plant proteins co-purified with virions. We have determined the complete sequences of coat protein of five strains of AMV. The analyses showed that the coat proteins of these strains can be divided into two distinct groups. We have chosen a representative of each group and cloned the corresponding coat protein gene of each type strain. We have expressed and purified adequate amount of protein from each strain for injection into rabbits.

Characterization of soybean vein necrosis virus (SNVV). In collaboratgion with Ioannis Tzanetakis (Arkansas University), we have identified a new virus causing soybean vein necrosis in Tennessee soybean growing areas and partially characterized the virus. We have also isolated the virus in soybean samples collected in Kentucky exhibiting similar symptoms as well. Partial sequences of the isolates from Tennessee and Kentucky show that the isolates are closely related to each other.

Interactions of soybean mosaic virus (SMV) with naturally occurring soybean resistance genes. We have continued our collaboration with Dr Hill’s laboratory at Iowa State University to understand how SMV evades the Rsv1-gene in soybean. This effort has led to identification of multiple factors of SMV involved in this interaction. Furthermore, we have continued our collaboration with Saghai Maroof’s laboratory at Virginia Tech to identify the components of the Rsv1-locus that interact with different SMV factors.      

Assessment of co-infection of soybean with alfalfa mosaic virus (AMV) and soybean mosaic virus (SMV) on symptom severity and accumulation level of the two viruses.  We have completed a study on co-infection of different soybean cultivars with different strains of the two viruses. Our data suggest that in two different soybean cultivars mixed-infection with the two viruses resulted in enhancement of disease symptoms as compared to infection with each of the individual viruses. Furthermore, the data showed that in co-infection the accumulation level of AMV increased while that of SMV decreased. This was irrespective of the strains of the viruses or soybean cultivars used. The observation that co-infection of AMV and SMV results in disease synergism suggests enhancement of potential that AMV may become a serious viral disease of soybean. The paper describing the work has now been published.      

Publications:

1.  
Malapi-Nelson, M., Wen, R.-H., Ownley, B. H. & Hajimorad, M. R. (2009). Co-infection of Soybean mosaic virus and Alfalfa mosaic virus results in disease synergism and alteration in accumulation level of both viruses. Plant Disease 93: 1259-1264.

2.  Hajimorad, M. R., Wen, R.-H., Eggenberger, A. L., Hill, J. H. & Saghai Maroof, M. A. (2009). Experimental evolution of an avirulent Soybean mosaic virus toward virulence on Rsv1-resistant soybeans imitates mutations selected through natural evolution. American Phytopathological Society Annual Meeting, Portland, OR. Aug 1-5.  Phytopathology 99: S50.

3. Tzanetakis, I., Wen, R.-H., Newman, M. & M. R. Hajimorad (2009). Soybean vein necrosis virus; a new threat to soybean production in Southeastern United States. American Phytopathological Society Annual Meeting, Portland, OR. Aug 1-5.  Phytopathology 99: S131.

4. 
Zhang, C., Hajimorad, M. R., Eggenberger, A. L., Tsang, S., Whitham, S. A. & Hill, J. H. (2009).  Cytoplasmic inclusion of Soybean mosaic virus serves as avirulence determinant on Rsv3-genotype soybean and a symptom determinant. Virology 391, 240-248. 

