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Budget Narrative


This project has duration of three years with 2013-2014 being the first year. The funding agency agreed to pay for NDSU’s indirect costs which were calculated at 28.205%. 


Year 1: 2013-2014


Salary and fringe benefits: 


2013-2014: Salaries are requested for two graduate students ($18,000 per year each), one research assistant for Langdon ($4,341 for 1.5 months) and two hourly personnel for Fargo $2,000 each (10 weeks *$10.00/h *20 hours per week each). The assistant at Langdon will establish and manage experimental plots in the field. Hourly personnel will help conduct greenhouse trials at Fargo. NDSU calculates fringe benefits as 36% and 17% of salary for research assistants and hourly personnel, respectively, and at 3% for graduate students.


Travel: 


2013-2014: Funds are requested in the amount of $1,500 to cover travel expenses of the PI to experimental plots in Langdon, as well as to support the PI’s attendance of a professional meeting where research results from this project will be presented.


Materials and supplies:


2013-2014: Field supplies for Langdon are estimated at $1,300. This amount will cover expenses such as herbicides, fertilizers, flags, labels, fuel, water for misting system, etc. Supplies for Fargo are estimated at $4,000. From this amount $3,400 will be used to cover laboratory supplies (agar, petri dishes, pipette tips) to be used for inoculum production as well as kits for DNA extraction, and $600 will be used to acquire greenhouse supplies (pots, soil mix, labels, fertilizer). 


Publication costs: 


2013-2014: $800 is requested to help defray cost of publication of research results from the project.


Other direct costs:


2013-2014: Genotype-by-sequencing work will be conducted as service by The Institute for Genomic Diversity at Cornell University who will charge $7,296 to process 192 samples at $38 per sample).


Year 2: 2014-2015

Salary and fringe benefits: 


2014-2015: Salaries are requested for two graduate students ($18,050 per year each), one research assistant for Langdon ($4,558 for 1.5 months) and two hourly personnel for Fargo $2,000 each (10 weeks *$10.00/h *20 hours per week each). The assistant at Langdon will establish and manage experimental plots in the field. Hourly personnel will help conduct greenhouse trials at Fargo. NDSU calculates fringe benefits as 36% and 17% of salary for research assistants and hourly personnel, respectively, and at 3% for graduate students.


Travel: 


2014-2015: Funds are requested in the amount of $1,500 to cover travel expenses of the PI to experimental plots in Langdon, as well as to support the PI’s attendance of a professional meeting where research results from this project will be presented.


Materials and supplies:


2014-2015: Field supplies for Langdon are estimated at $1,300. This amount will cover expenses such as herbicides, fertilizers, flags, labels, fuel, water for misting system, etc. Supplies for Fargo are estimated at $4,000. From this amount $3,400 will be used to cover laboratory supplies (agar, petri dishes, pipette tips) to be used for inoculum production as well as kits for DNA extraction, and $600 will be used to acquire greenhouse supplies (pots, soil mix, labels, fertilizer). 


Publication costs: 


2014-2015: $750 is requested to help defray cost of publication of research results from the project.


Other direct costs:


2014-2015: Genotype-by-sequencing work will be conducted as service by The Institute for Genomic Diversity at Cornell University who will charge $10,944 to process 288 samples at $38 per sample).  


Year 3: 2015-2016 


Salary and fringe benefits: 


2015-2016: Salaries are requested for two graduate students ($19,500 per year each), one research assistant for Langdon ($4,786 for 1.5 months) and two hourly personnel for Fargo ($2,100 for 10 weeks *$10.50/h * 20 hours per week each). The assistant at Langdon will establish and manage experimental plots in the field. Hourly personnel will help conduct greenhouse trials at Fargo. NDSU calculates fringe benefits as 36% and 17% of salary for research assistants and hourly personnel, respectively, and at 3% for graduate students.


Travel: 


2015-2016: Funds are requested in the amount of $1,800 to cover travel expenses of the PI to experimental plots in Langdon, as well as to support the PI’s attendance of a professional meeting where research results from this project will be presented.


Materials and supplies:


2015-2016: Field supplies for Langdon are estimated at $1,365. This amount will cover expenses such as herbicides, fertilizers, flags, labels, fuel, water for misting system, etc. Supplies for Fargo are estimated at $3,200. From this amount $2,500 will be used to cover laboratory supplies (agar, petri dishes, pipette tips) to be used for inoculum production as well as kits for DNA extraction, and $700 will be used to acquire greenhouse supplies (pots, soil mix, labels, fertilizer). 


Publication costs: 


2015-2016: $750 is requested to help defray cost of publication of research results from the project.
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		$4,800
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		$0
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		$0

		$0

		$0



		 

		 

		 

		 

		 

		 

		 

		 



		 

		Material & Supplies
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		$0
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		$0



		 

		Consultant

		$0

		$0

		$0

		$0

		$0
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		$0
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Identification of Brassica napus sources of resistance to and development of B. juncea breeding populations with resistance to blackleg

PI: 

Luis del Rio, Department of Plant Pathology, NDSU Fargo, ND 58108

Cooperators:
Mukhlesur Rahman, Department of Plant Sciences, NDSU Fargo, ND 58108




Randall Mehlhoff, NDSU-REC Langdon. Langdon, ND 58249



James Anderson, USDA-ARS, Fargo, ND 58102


Abstract


This is a new three year project that has three objectives: identification of advanced Brassica napus breeding lines with high levels of resistance against blackleg; identification of new sources of resistance to blackleg in a collection of B. napus plant introduction materials and identification of molecular markers associated with that resistance; and development of breeding populations of B. juncea with resistance to multiple pathogenicity groups (PG) and identification of markers associated with this resistance. This project builds on the findings of a project recently funded by the USDA in which 45 B. napus advanced breeding lines were screened in field conditions and in which a line, 9067, was identified as more resistant to blackleg than most commercial control evaluated, and on the results of the evaluation of 298 B. juncea plant introduction materials in greenhouse conditions in which at least nine materials were considered resistant or moderately resistant to PG-4 and PG-T and five others were considered resistant to PG-2 and PG-3. To accomplish the first goal we intend to continue conducting breeding lines in field conditions as well as in greenhouse. Our efforts will identify lines with the highest levels of resistant to blackleg. The second objective will be achieved by screening approximately 300 accessions of the B. napus collection curated by the USDA in Ames, IA. All accessions will be screened with PG-2, 3, 4 and T strains of L. maculans in greenhouse. DNA will be taken from an elite group of these accessions and the genotype-by-sequencing approach will be used to identify markers associated with resistance. The third objective will be accomplished by making crosses between B. juncea materials that were identified as resistant to PG-T and PG-4 but susceptible to PG-2 and PG-3 with materials resistant to PG-2 and PG-3 but susceptible to the other groups. These materials will be developed in two ways, via doubled haploid production and through regular breeding procedures. Markers associated with resistance of these lines to PG-4 and PG-T will be identified using the genotype-by-sequencing approach. At the end of this project we expect to have sets of materials with broad resistance against PG-2, 3, 4, and T in B. napus as well as in B. juncea lines 
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Facilities and other resources

Facilities: The Canola Pathology program at NDSU has the equipment needed to conduct most of the research described and have access to the basic instrumentation needed to develop the haploid plants. The NDSU REC at Langdon has the facilities and equipment required to conduct all proposed field research. Due to the restricted distribution of PG 3 and PG4 strains within North Dakota inoculations with these strains will be conducted in greenhouse facilities in Fargo. Field evaluations will be conducted using PG 2 strains. 


Personnel


Two graduate students will conduct greenhouse screenings as well as the haploid production. Also, we are requesting funding to cover a portion of the salary of a field assistant in Langdon who will be in charge of maintaining the blackleg nursery. Hourly personnel will also be hired to help with mechanical activities like planting and maintenance of plants in greenhouse, and field in Langdon.



Progress report 2011-2012


January 2013


Luis del Rio


Project: Identification of herbicide-tolerant canola breeding lines with resistance to blackleg and evaluation of fungicide treatments to manage blackleg

PI: 

Luis del Rio, Department of Plant Pathology, NDSU Fargo, ND 58105


Co-PI:

Mukhlesur Rahman, Department of Plant Sciences, NDSU Fargo, ND 58105

Forty five B. napus breeding lines with tolerance to the herbicide glyphosate were evaluated in a field trial in Langdon in the summer of 2012. These are advanced breeding lines from the canola breeding program at NDSU. The nursery was supplemented with blackleg-infected canola stems collected from commercial fields in 2011. The lines were planted following a randomized complete block design with four replications, but due to a misdirected application of a herbicide, the nursery had to be replanted in early June 2012. In spite of the late replanting, or perhaps because of it, moderate disease pressure was observed in the study (Figure 1). Disease incidences in the 2012 nursery ranged between 29 and 75% and severity between 0.4 and 3.9. Under these conditions, none of the materials evaluated were immune to blackleg. Line 9067 (BL-17) had the lowest blackleg incidence with just under 30% incidence, value that was significantly lower (P=0.05) than that of three of the commercial controls included in the trial. This same line outperformed commercial checks in blackleg nurseries in the past three years.


    Figure 1. Blackleg incidence on elite B. napus breeding lines in Langdon in 2012. Commercial controls are in red bars. Least significant difference = 23% (P=0.05).
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Another line, 12-AYT-1Hy-3 also had significantly less disease and higher yields than three of the four commercial controls. This is the first time this entry is being evaluated. The identification of lines that outperformed three of the four commercial controls is an indication of the progress achieved by the breeding program. 


The results of the field screening highlight the need for more effective sources of resistance. In this project, our goal was to identify sources of resistance against blackleg as well as markers associated with it in the USDA collection of B. juncea plant introductions. To that effect, we have finished the screening of 298 B. juncea accessions for their reaction to pathogenicity groups (PG) 2, 3, 4, and T. These accessions were evaluated in three different instances in greenhouse conditions. In each instance, every accession was replicated three times and in each replication three plants were evaluated. All accessions were inoculated at the seedling stage using a mixture of spores produced by five isolates belonging to each PG. Screening of each group was conducted separately from the others. Table 2 presents the most promising accessions. 


Table 2. Brassica juncea plant introduction materials identified as resistant to pathogenicity groups (PG) 2, 3, 4, and T of Leptosphaeria maculans in greenhouse conditions.

		

		

		Median disease severity



		Accession

		

		PG-21

		PG-3

		PG-T

		PG-4



		PI 175100

		

		4

		6.0

		-2

		-



		PI 426375

		

		2

		4.5

		-

		-



		PI 426384

		

		5

		3.5

		-

		-



		PI 426385

		

		4

		3.5

		-

		-



		PI 459007

		

		3

		2.5

		-

		-



		Ames 9914

		

		-

		-

		3.0

		2.0



		PI 179858

		

		-

		-

		2.2

		2.8



		PI 311726

		

		-

		-

		1.8

		3.3



		PI 426316

		

		-

		-

		2.5

		3.0



		PI 426320

		

		-

		-

		2.0

		2.0



		PI 426330

		

		-

		-

		2.5

		2.5



		PI 649109

		

		-

		-

		2.5

		3.0



		PI 649113

		

		-

		-

		1.5

		3.0



		PI 649123

		

		-

		-

		2.0

		2.0





1 PG= pathogenicity groups

2 Accessions were screened but their reaction values are not presented

Some of the accessions that were resistant to PG-2 and PG-3 were also moderately resistant to PG-4 and PG-T. Five molecular markers significantly associated with resistance to PG-2 and three associated with resistance to PG-3 were identified in the B genome; however, markers associated with resistance to PG-4 and PG-T could not be located.  To transfer this resistance into commercial B. napus genotypes, we intend to conduct a two prong approach: development of regular breeding populations and use of tissue culture techniques. This will be a three year project.
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Introduction


Blackleg caused by Leptosphaeria maculans (Desm.) Ces. & de Not.], is a serious fungal disease affecting canola (Brassica napus L.) in North Dakota. Infections occurring prior to the sixth leaf growth stage cause severe yield losses. Blackleg is reemerging as an economically important disease in North Dakota. Prior to 1990 blackleg epidemics caused by PG-2 strains caused significant yield losses (Lamey, 1995). Resistance genes carried by the differential ‘Glacier’ are effective against this strain of L. maculans (Mengistu et al., 1991). By mid 1990s most commercial cultivars grown in North Dakota carried genes resistant to PG-2 and blackleg became less of a threat. By 2003, however, strains of PG-3 and PG-4 were isolated for the first time from North Dakota fields (Bradley et al., 2005). Strains of these groups are capable of attacking cultivars considered resistant to PG-2 (Marino, 2011). The screening of a set of 130 B. napus accessions failed to yield accessions resistant to PG-3 or PG-4 (Marino, 2011). More recently, the screening of almost 300 B. juncea plant introduction accessions yielded approximately 10 accessions which are resistant to either PG-2 and 3 or to PG-T and 4 strains of L. maculans (del Rio, data not published) While resistance genes against L. maculans have been identified in several Brassica species (Ferreira et al., 1995; Mayerhofer et al., 1997; Chevre et al., 2003; Christianson et al., 2006; Chevre et al., 1996), species containing the B genome such as B. juncea, B. carinata, and B. nigra are believed to have high levels of resistance to L. maculans (Rimmer and van den Berg, 1992). Hybrids generated from crosses between these species have been successfully introgressed into B. napus and thus, the potential for improving NDSU canola breeding lines using as sources of resistance the B. juncea plant introductions identified in our previous project are great.

Current work


Evaluation of existing breeding lines: Blackleg nurseries established in Langdon in 2012 evaluated 44 NDSU canola breeding lines that already have a gene for herbicide-tolerance. Funding from this granting program has provided the best opportunity to evaluate advanced lines under field conditions and to help stir the NDSU canola breeding program. At least one breeding line has been released and several others have been either advanced or discarded using results of these nurseries. An example of the former is line 9067 which has consistently outperformed at least three of the four commercial canola genotypes used as controls in the past three years in terms of disease resistance. This line is receiving closer scrutiny and may be shortlisted for release. The NDSU canola breeding program is being reoriented to produce hybrids rather than open pollinated lines and several hybrid lines were already included in the nursery in 2012. Two of them, entries BL-29 (12-AYT-1Hy-3) and BL-42 (12-AYT-1Hy-16) not only outperformed the commercial checks in disease resistance but produced between 400 and 800 lb/acre more than them. These and other hybrids will be included in the 2013 blackleg nursery. Continued efforts to screen these new lines should be made to secure that only materials with the highest levels of resistance are advanced in the program. Field evaluations will be complemented with greenhouse evaluations in which these materials will be inoculated with PG-3 and PG-4 spores.

Identification of B. napus plant introduction materials with resistance to L. maculans of different pathogenicity groups: Blackleg breeding nurseries planted in previous years at Langdon have evaluated the most advanced B. napus breeding lines of the NDSU canola breeding program. While lines with the highest levels of resistance available have been identified, their levels could be improved; this is especially true when considering that disease severity at these trials is not always consistent due to environmental factors. The most recent search for new sources of resistance to blackleg within B. napus was conducted by Marino (2011) who screened 130 accessions against PG-3 and PG-4. Most accessions evaluated were considered moderately susceptible or susceptible to these strains. Since this collection has approximately 400 accessions, there are approximately another 270 accessions that have not been evaluated. The identification of sources of resistance within the B. napus collection would facilitate the transference of resistance into commercial genotypes compared to efforts in moving them from a related species. 

Identification of B. juncea sources of resistance against L. maculans of different pathogenicity groups: Resistance to PG-2, 3, 4, and T of L. maculans was identified in several B. juncea accessions during greenhouse screenings conducted between 20011 and 2012 (del Rio, data not published). While none of the almost 300 accessions evaluated was immune to L. maculans, a few accessions were considered to be resistant to PG-2 and PG-3 while others were considered to be resistant to PG-4 and G-T. Interestingly, only two accessions were considered resistant to PG-2 and PG-4. Further, most accessions considered resistant to PG-4 and PG-T were very susceptible to PG-2 and PG-3; however, those considered resistant to PG-2 and PG-3 were moderately susceptible to the other two groups. Association mapping was used to identify molecular markers significantly associated with resistance to PG-2 and PG-3. Three DArT markers, brPb_807978, brPb_808436, and brPb_809966, were associated with resistance to PG-2 and PG-3 and were located in the B genome. Markers associated with resistance to PG-4 and PG-T could not be located.  Out of the more than 3000 makers used for the initial screening of accessions, 770 were included in the association analysis. If one considers the ratio between the size of the B. juncea genome and the final number of markers used, it will be evident that each marker would be covering 1.6 Mbp. This large ratio could be the explanation as to why markers for PG-4 and PG-T could not be identified. Jestin et al. (2011) also used association mapping to identify markers associated with resistance to blackleg but they used B. napus biparental populations. In our study, we used a heterozygous population composed by almost 300 accessions collected from several countries. Resistance to blackleg has been identified in other B. juncea materials and has been transferred into B. napus materials (Roy, 1984). 

Objective


This project has three objectives:


1) Identify superior genotypes within the NDSU canola breeding program with resistance to blackleg strains prevalent in North Dakota. 


2) Identify new sources of resistance against L. maculans among Brassica napus plant introduction materials and the markers associated with it. 

3) Develop B. juncea breeding populations with resistance against multiple pathogenicity groups of L. maculans and identify markers associated with it.


Rationale and significance


Blackleg epidemics have been increasing steadily during the past few years in North Dakota.  These epidemics are almost invariably caused by strains that belong to pathogenicity groups belonging to PG-3, 4, and/or T. The risk these new strains pose to the canola industry is high since most commercially available canola genotypes are either resistant or moderately resistant to PG-2 but susceptible to the other strains. It is very likely that the prevalence of these new strains will increase with time. In order to abort potentially destructive blackleg epidemics it is necessary that all breeding materials be screened for their reaction to this disease. Since genetic resistance is the most effective way to manage a disease, in this project we focus on three items: the identification of advanced B. napus breeding lines with enhanced resistance to the pathogenicity groups that are causing current blackleg epidemics; the identification of sources of resistance within the B. napus plant introduction to multiple pathogenicity groups of L. maculans, and the development of B. juncea populations with resistance to multiple groups using accessions already identified as resistant to these  strains. The end product of this project will be the production of materials with stable resistance to this important disease.


Approach


Identification of glyphosate-tolerant genotypes with resistance to blackleg: Forty five elite B. napus breeding lines produced by the NDSU canola breeding program will be evaluated under field conditions in our blackleg nursery plot at Langdon. These elite lines will be planted using a randomized complete blocks design with three replications. Four commercial cultivars will be used as controls. Experimental plots (1.5 wide and 5 m long) will be planted at a rate of 140 seeds per m2. Plants also will be inoculated, when they reach the third leaf stage, with a mixture of lab-produced inoculum at a concentration of 105 conidia ml-1 to supplement the natural inoculum and secure high disease pressure conditions. Disease intensity will be assessed on 25 arbitrarily taken plants per plot when at the 5.4 growth stage of canola (ripening stage); incidence will be measured as the proportion of plants showing disease symptoms, whereas severity will be evaluated using a scale of 0 to 5 where 0 = no penetration or noticeable infection of the stem; 1 = 25% of the stem circumference infected, lesion superficial; 2 = 50% of the stem circumference infected, some penetration; 3 = 75% of the stem circumference infected, significant penetration; 4 = stem completely girdled, but intact at the base, significant penetration; and 5 = stem girdled at the base, constricted, dry and brittle, may be completely severed, plant dead.  This scale is widely used by researchers to assess blackleg severity (van de Berg et al., 1993). A disease severity index (DSI) value will be calculated for each line by: (mean disease severity x % incidence)/5. These materials will also be evaluated in greenhouse conditions by inoculating 10 seedlings of each line with a mixture of spores from isolates belonging to PG-3 and PG-4. Plants will allow to reach maturity and disease will be evaluated at that time using the same severity scale described above. 


Screening of B. napus for resistance to multiple PGs: Brassica napus plant introduction materials from the USDA collection will be evaluated in greenhouse conditions at the seedling stage for their reaction to PG-2, 3, 4, and T. Approximately 270 B. napus accessions will be evaluated. All evaluations will be conducted in greenhouse and inoculated plants will be autoclaved before being discarded at the end of the study. Ten seedlings of each line will be inoculated in replicated trials at the cotyledon stage by depositing 10 µl of a spore suspension containing 107 spores ml-1 in wounds made on the cotyledons. After inoculation seedlings will be incubated overnight in moist chamber to facilitate infection and then returned to the greenhouse rooms for the next two weeks. Disease severity will be evaluated after that time using the 0-9 scale of Williams and Delwiche (1980) where 0 is no lesion visible and 9 means dead plant. This entire procedure will be conducted twice with replications in each run. In each run, the most resistant individuals will be covered at flowering time with pollinating bags to allow sel