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Greetings All,
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Mayfield

Proposal

Evaluation of Maize for Aflatoxin Reducing QTL and Agronomic Performance and Quality

	Aflatoxins produced by Aspergillus flavus Link:Fr are a potent carcinogen that causes liver cancer (Castegnaro and McGregor, 1998).  A. flavus was first identified in 1961 with the mass death of turkeys consuming contaminated peanut (ground nut) meal in Great Britain (Detoy et al., 1971).  A. flavus can produce aflatoxins that can contaminate ground nuts, tree nuts, cotton and maize.  Preharvest aflatoxin contamination of Zea mays L. (maize) is a chronic problem across the southern U.S, with losses in maize since 1988 totaling more than $1 billion (USD).  Crops contaminated with aflatoxins are regulated by the U.S. Department of Agriculture; contaminated corn is limited in the U.S. for human consumption and interstate commerce to 20 ppb up to 300 ppb for adult cattle feed.

Complete genetic resistance to preharvest aflatoxin accumulations in maize has not been identified. Although varying degrees of genetic resistance have been reported (Williams et al, 2008), none have exhibited suitable agronomic qualities to be used directly in a commercial product (Scott and Zummo, 1990 and Williams and Windham, 2001).  Several quantitative trait loci (QTL) have been identified in varying sources for reducing preharvest aflatoxin accumulations (Brooks et al., 2005; Atta et al, 2006; Warburton et al, 2009); however, no genes have yet been expressly identified as bringing about resistance.  Exotic tropical and subtropical maize growing areas have been identified as potential germplasm sources for genetic resistance of preharvest aflatoxin accumulations (Betrán et al, 2006A).  Many accessions from these areas  exhibit traits not commonly found in the “corn belt” maize of the Mid-western US maize growing areas, including longer  husks, ear tip  coverage and tighter husks (Betrán  et al, 2006A), kernel texture (Betrán  et al, 2006A), protein composition (Brown et al, 2001) and lipid composition (Guo et al, 2008).  Drought stress has been linked to increased aflatoxin accumulations (Payne, 1998) and with drought stress increased soil temperatures (Hill et al, 1983).  

Much effort has been exerted to reduce levels of contamination, including breeding germplasm with lowered susceptibility (Williams et al., 2008), developing agronomic practices to lower susceptibility (Widstrom et al, 1996), and using genotypic variability in A. flavus in dispersing atoxigenic strains during the crop season to increase fungal competition for reducing the toxin accumulations (Cotty, 1994; Atehnkeng et al., 2008).  A culmination of these practices in producers’ fields will likely reduce or eliminate preharvest aflatoxin accumulations in maize.

The objectives of my research are to: 1) Evaluate recombinant inbred lines (RIL) to confirm and detect QTL for reduced aflatoxin accumulations and agronomic desirability in hybrid testcrosses, 2) Evaluate a subset of the RIL hybrids for agronomic qualities and 3) Propose for public release two sets of maize inbred lines: 1) several maize inbred lines that have been previously identified as reducing preharvest aflatoxin accumulations and 2) several QPM lines which accumulated fewer aflatoxins and contained increased lysine levels.

Objective 1

A set of 150 recombinant inbred lines (RILs) were produced from the cross of B73o2o2 (susceptible parent) and CML161 (resistant parent).  B73o2o2 is the opaque2 high lysine version of temperate Iowa Stiff Stalk line B73.  CML161 is an opauqe2 tropical-lowland maize line from CYMMIT.  B73o2o2 exhibits fewer husks that are looser and shorter (may not cover tip of ear) than CML161.  Atta et al (2006) found during per se trials; CML161 accumulated fewer aflatoxins than B73o2o2.   CML161 produces vitreous kernels, and has both longer and tighter husk coverage than B73o2o2.  CML161 flowers approximately 4 days later and is approximately 30cm taller plant height than B73o2o2 in College Station.  The linkage map was constructed and described by Atta (unpublished data) along with per se evaluation.  The 150 RILs will be crossed by stiff stalk commercial line LH195 (Corn States; St. Louis, MO).  Producers grow maize in hybrid combinations.  Testing the RILs in hybrids testcrossed to a common tester will allow detection of QTL which may be seen in a production field.  Wassom et al (2008) in corn and You et al (2006) in rice demonstrated detecting QTL in testcrosses.  Hybrid testcrosses will be gown in College Station, TX (CS), Weslaco, TX (WE) and Corpus Christi, TX (CC) during 2008 and 2009 crop years 

	Two row plots will be planted 6.4 m (CS) and 7.62 m (WE) with a row spacing 76.2 cm (CS) and 101.6 cm (WE).  Single row plots at CC will be planted 5.5 m and 91.44 cm between rows.  Drought stress at CS and WE will be imposed by limiting irrigation, while drought stress at CC will be imposed by delay planting three to five weeks.  Delay planting at CC will subject the crop to growing after the majority of the area growing season rainfall and higher ambient and soil temperatures.  Limiting irrigation at WE and CS will also increase soil temperatures, a condition which has been linked to increased aflatoxin accumulations (Hill et al, 1983).  Beyond planting and irrigation differences, local agronomic practices will be implemented to produce the crop.

Previous studies have identified many traits associated with reducing aflatoxin and affecting agronomic desirability.  Evaluating several of these traits at the same time will allow estimating correlations between secondary traits and aflatoxin accumulations and agronomic desirability of these lines under drought stress.  Traits to be measured will include: female flowering (FF) and male flowering (MF), anthesis silking interval (ASI), plant height (PH), ear height (EH), ear to plant ratio (EPR), stand count (PPH), grain yield (GY), grain moisture (MS) and test weight (TW), aflatoxin (AF), protein (PR), starch (ST), oil (OIL).  FF will be measured as the number of days from planting until 50% of the plants in a plot has silked and MF will be measured as the number of days from planting until 50% of the plants in a plot shed pollen.  ASI will be calculated by subtracting MF from FF (ASI=FF-MF) (Betrán  et al, 2002).  ASI has been used as an indicator of drought tolerance in maize plants (Bolaños and Edmeades, 1987).  PH and EH will be determined by measuring from base of the plant to the top of the tassel and from the base of the plant to the point of ear shank attachment, respectively.  EPR will be calculated by dividing EH by PH, modern maize hybrids typically have EPR less than .5, in an effort to reduce stalk breakage.  PPH will be calculated, as plant density is a function of GY.  After inoculated ears are removed, remaining ears will be combine harvested with GY, MS and TW determined from the combine weigh system (Harvestmaster; Logan, Utah).

Ten random ears of the two row plot will be inoculated at CS and WE with a conidial suspension of A. flavus isolate NRRL3357 at concentration of 3x1.0x107 spores ml-1 using the silk channel method (Zummo and Scott, 1989).  Single row plots  at CC will be inoculated by dispersing 1 kg per 60 m of field row with A. flavus colonized corn kernels on the ground between the rows of maize prior to silking to allow for natural infestation (Odvody et al, 2000).  Dispersed colonized kernels at CC will be grown from a mixture of locally available isolates.    Total AF accumulations will be quantified using monoclonal antibody fluorescence determination (Vicam AflatestTM; Milford, MA).  

Grain constituents PR, ST and Oil will be estimated by using an Infratec Grain Analyzer, using near infrared transmittance.  Several programs have used Proc GLM (Ahtenkeng et al, 2008; Warburton et al, 2009) and Proc Mixed (Jines et al, 2007) procedures in SAS (SAS Institute, Cary, NC) for statistical analysis.  Jines et al (2007) used Windows QTL Cartographer (Wang, 2007) to detect significant QTL in RIL testcrosses, similar procedures will be implemented for this set of RIL testcrosses.    

Objective 2

Identification of germplasm resistant to aflatoxin accumulations also possessing adequate agronomic performance for could speed implementation of resistant germplasm into production fields.  In per se evaluations, several of the RILs exhibited reduced aflatoxin accumulations.  A subset, based initially on per se aflatoxin accumulations, will be further evaluated for agronomic performance at several Texas maize producing environments including College Station, TX (CS), Weslaco, TX (WE), Wharton, TX (WH) and Hondo, TX (HO).  The agronomic evaluation will be grown in optimal conditions on either the Texas AgriLife Research farm (CS and WE) or in conjunction with Texas AgriLife Research Crop Testing Program maize performance trials in commercial maize producer’s fields (WH and HO).

	Two row plots will be planted at all four locations.  Plots at CS will be 6.4 m long, while plots at WE, GR and HO will be 7.62 m long (plot length at trial locations currently being conducted).  Row spacing will differ based on regional producer conditions to be 76.2 (CS), 101.6 (WE), 91.4 (GR) and 96.5 (HO) cm.  Local agronomic practices, including appropriate plant populations, fertilization and pest control will be used to produce the crop at each location.    

Traits measured will include: days to silking (FF) and days to anthesis (MF), anthesis silking interval (ASI), plant height (PH), ear height (EH), ear to plant ratio (EPR), stand count (PPH), grain yield (GY), grain moisture (MS) and test weight (TW).  FF will be measured as the number of days from planting until 50% of the plants in a plot has silked and MF will be measured as the number of days from planting until 50% of the plants in a plot shed pollen.  ASI will be calculated by subtracting MF from FF (ASI=FF-MF) (Betrán  et al, 2002).  ASI has been used as an indicator of drought tolerance in maize plants (Bolaños and Edmeades, 1987).  PH and EH will be determined by measuring from base of the plant to the top of the tassel and from the base of the plant to the node of ear shank attachment, respectively.  EPR will be calculated by dividing EH by PH, modern maize hybrids typically have EPR less than .5, in an effort to reduce stalk breakage.  PPH will be calculated as PPH is a function of GY.  Plots will be combine harvested to determine GY, MS and TW.  Statistical analysis will be performed using SAS Proc GLM, Proc Mixed and appropriate procedures (SAS Institute, Cary, NC) 

Objective 3

Over the past 10 years, the Texas AgriLife Research Maize Breeding and Genetics Program at College Station, TX has made sizeable progress in the introgression of subtropical and tropical maize germplasm into Texas growing environment for adaptability, increased lysine content and reduced aflatoxin accumulations.  Commercial maize typically produced by Texas farmers is mostly U.S. Midwest “corn belt” maize selected to tolerate the Texas growing environments.  Yellow and QPM inbred lines have been developed which offer adaptation to Texas environments, reduced aflatoxin accumulations with improved agronomic desirability and/or increased lysine.  Several of these lines are being proposed for public release (Table 1).

Table 1. Distribution of germplasm to be proposed for release.

		Trait

		Number

		Reason†

		Grain Color

		Source



		Tx772 Derived Lines 

		3

		AF, YD, TXT

		Yellow

		Argentina



		Tropical Maize 

		5

		AF, YD, TXT

		Yellow

		Tropical



		Aflatoxin/Lysine (QPM)

		2

		QPM, AF, YD

		Yellow

		Tropical x Exotic



		Aflatoxin/Lysine  (QPM)

		1

		QPM, AF, YD

		Yellow

		Tropical



		Aflatoxin/Lysine (QPM)

		1

		QPM, AF, YD

		Yellow

		Pop.69





†Reason: AF=aflatoxin resistant, YD=Yield response, TXT=Grain Texture, QPM=High Lysine with modified kernel texture

Maize germplasm lines were evaluated over several years and at several environments for aflatoxin accumulations, agronomic desirability and/or lysine content.   

Expected Outcomes

The results of this testing may further confirm the presence of and offer better estimates of QTL previously identified, identify previously unidentified QTL, or estimate QTL in per se trials as non-QTL.   Also, identification of these QTL as co-localized with a gene or marker could increase the potential usefulness and speed of implementation of the QTL into agronomically appealing germplasm.  These tests will also identify agronomically useful RILs which contribute resistance through identified QTL.  Furthermore, NIR analysis could aid in identifying a nondestructive tool for selection of germplasm with traits that may reduce aflatoxin accumulations.  

Introduction of, and releasing new germplasm sources with identified reduced aflatoxin accumulations could lead to “pyramiding” traits from different programs working to reduce preharvest aflatoxin accumulations.  Several breeding programs have been actively breeding corn for reduced aflatoxin accumulations and have identified QTL for reducing aflatoxin accumulations (Brooks et al, 2006; Warburton et al, 2008). Utilizing the data gleaned from these evaluations may allow for the combination of resistant QTL from different sources into one genetic base, thus further decreasing preharvest aflatoxin accumulations in maize.

The end result would be for released sources of maize resistant to preharvest aflatoxin accumulations and maize with increased lysine levels be used by companies either by using the germplasm source for backcrossing traits into proprietary germplasm; or use of the released germplasm directly into a commercially available product for maize producers benefit. Genetic resistance to reduce preharvest aflatoxin accumulations can aid maize producers in producing a safe product
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