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The breeding approach of the CIMMYT GWP is a centralized one. 
Segregating populations are screened at two distinct environments in Mexico and tested under near optimum conditions for yield potential
The back-to-back use of two sides in Mexico (initiated by Borlaug and coworkers) has the advantage of halving the time necessary to develop the wheat cultivars, 
the segregating populations are exposed to different disease spectra, soil types and environmental constrains, and material sensitive to day length is eliminated.
Multisite testing occur at the last stage of the breeding approach. Advanced lines are disseminated via nurseries and yield trails to national partners through a system what is known the IWIN. Data are returned to CIMMYT and interpreted 

 




IWIN
The role of formalized international screening nurseries 
and yield trails is to provide…..

 parental materials for accelerating the breeding programs

 means of evaluating promising breeding materials on a 
worldwide basis, 

 basic information about adaptability of varieties, yield 
potential, disease, and pest resistance, 

 indications if varieties might serve as immediate introduction 
into potentially high production wheat areas, 

 partnerships in an international collaborative system
Rajaram et al., 2002
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Presentation Notes
The role of formalized nurseries and yield trails for multiside testing is not only to identify parental materials for accelerating CIMMYTs and national breeding programs.
The trials are also understood as means,…



Evolution of the IWIN 1950s-2000s

Byerlee & Durbin, 2010

High Rainfall Wheat Yield Trial; High Temp. Wheat Yield 
Trial; Semi-Arid Wheat Yield Trail; Warmer Area Wheat 
Screening Nursery; High Latitude Wheat Screening 
Nursery

As before but with additional stratification of 
environments including higher latitudes with 
day length sensitive wheat for eastern 
Europe and central Asia

1990s

CBs; F2’s irrigated and dryland; Int. Septoria Screening 
Nursery; Elite Spring Wheat Yield Trial; Regional 
Disease Trap Nursery

Provide high yielding, broadly adapted, day 
length insensitive, multiple disease resistant 
germplasm. Start of spring by winter wheat 
breeding program, special nurseries for 
disease resistance 

1970s 

First; Int. Durum Yield Trail; Int. Bread Wheat Screening 
Nursery; Int. Triticale Yield Trail; Int. Triticale Screening 
Nursery

Provide germplasm with broad adaptation, 
high yield potential, multiple disease 
resistance and test these qualities over time 
and space

1960s 
Early CIMMYT

Scab Resistance Screening Nursery; South Asia 
Micronutrient Yield Trial, Int. Adaptation Trial, Global 
Adaptation Wheat Yield Trail, Stem Rust Screening 
Nursery

Additional specialty nurseries for diseases 
and other traits 

2000s

Semi-Arid Wheat Screening Nursery; Acid Soils Wheat 
Screening Nursery; High Rainfall Wheat Screening 
Nursery; International Disease Trap Nursery, KB 
Screening Nursery

As before but with additional adaptation for 
diverse environments, designated as mega-
environments. Program for wheat for non-
traditional warmer climates

1980s

Int. Stem Rust Trial for North and South AmericaRusts1950 (USDA)

Main nurseries addedMain focusDecade
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Presentation Notes
The first ever international nursery was started in 1950 when stem rust devasted the US and Canadian wheat crops. Seven countries participated in this effort to test more than 1000 lines annually for rust resistance.
The Mexican program began to use the same principles for further nurseries and  trials. The scope and coverage of the nurseries and trials became more complex and sophisticated over the decades.
Special nurseries for disease resistance and specific nurseries that are targeted for some of the major mega environments (proposed by CIMMYT in 1988) were disseminated.
The ISWYN was discontinued and three new nurseries were established to complement the existing ESWYT: the SAWYT, HRWYT, and HTWYT.




Evolution of the IWIN 1950s-2000s

Byerlee & Durbin, 2010

High Rainfall Wheat Yield Trial; High Temp. Wheat Yield 
Trial; Semi-Arid Wheat Yield Trail; Warmer Area Wheat 
Screening Nursery; High Latitude Wheat Screening 
Nursery

As before but with additional stratification of 
environments including higher latitudes with 
day length sensitive wheat for eastern 
Europe and central Asia

1990s

CBs; F2’s irrigated and dryland; Int. Septoria Screening 
Nursery; Elite Spring Wheat Yield Trial; Regional 
Disease Trap Nursery

Provide high yielding, broadly adapted, day 
length insensitive, multiple disease resistant 
germplasm. Start of spring by winter wheat 
breeding program, special nurseries for 
disease resistance 

1970s 

First; Int. Durum Yield Trail; Int. Bread Wheat Screening 
Nursery; Int. Triticale Yield Trail; Int. Triticale Screening 
Nursery

Provide germplasm with broad adaptation, 
high yield potential, multiple disease 
resistance and test these qualities over time 
and space

1960s 
Early CIMMYT

Scab Resistance Screening Nursery; South Asia 
Micronutrient Yield Trial, Int. Adaptation Trial, Global 
Adaptation Wheat Yield Trail, Stem Rust Screening 
Nursery

Additional specialty nurseries for diseases 
and other traits 

2000s

Semi-Arid Wheat Screening Nursery; Acid Soils Wheat 
Screening Nursery; High Rainfall Wheat Screening 
Nursery; International Disease Trap Nursery, KB 
Screening Nursery

As before but with additional adaptation for 
diverse environments, designated as mega-
environments. Program for wheat for non-
traditional warmer climates

1980s

Int. Stem Rust Trial for North and South AmericaRusts1950 (USDA)

Main nurseries addedMain focusDecade

Presenter
Presentation Notes
The first ever international nursery was started in 1950 when stem rust devasted the US and Canadian wheat crops. Seven countries participated in this effort to test more than 1000 lines annually for rust resistance.
The Mexican program began to use the same principles for further nurseries and  trials. The scope and coverage of the nurseries and trials became more complex and sophisticated over the decades.
Special nurseries for disease resistance and specific nurseries that are targeted for some of the major mega environments (proposed by CIMMYT in 1988) were disseminated.
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Specific nurseries that are targeted for some of the major mega environments were created since the 1980s, when the concept of mega environments was proposed
The ISWYN was discontinued and three new nurseries were established to complement the existing ESWYT: the SAWYT, HRWYT, and HTWYT.




ESWYT: Elite spring wheat yield trial
Distributed each year since 1979 
Targeted to highly productive irrigated wheat producing areas (ME1)
Main breeding objectives: high yield potential, rust, lodging  

Two examples of international yield trials

SAWYT: Semi-arid wheat yield trial
Distributed each year since 1991 
Targeted to semi arid wheat areas worldwide (ME4)
Main breeding objective: drought tolerance
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Tow examples of international yield trials are the ESWYT and SAWYT



Determining the relationship among test 
locations and yield gain over time 
CIMMYT’s primary yield test location 
associated well with global locations 
in irrigated environments

Lack of associations with semi-arid 
environments outside of South 
Asia

Trethowan and Crossa, 2007

Advance in yield gain in irrigated 
and drought prone environments 
observed in different periods of 
time 

Presenter
Presentation Notes
The data of both yield trials (ESWYT and SAWYT) returned by local co-operatures have been analyzed across the many locations and in a number of years providing diverse perspectives in wheat breeding 
Initial analyses involved the screening ability of individual test locations and their correlation in order to identify key locations for any germplasm type 
Analyses of the ESWYT found a good correlation between primary yield testing site in Cd. Obregon, Mexico and locations in irrigated wheat production areas
Analyses of the SAWYT identified a lack of association of environments outside South Asia using gravity irrigation and led to experiments with drip irrigation which allowed a wider range of drought stress scenarios.




ESWYT
23 ESWYT from 1979/1980 to 2004/2005

658 lines

Genotypic data in 2007: 1447 DArT (A: 487, B:798, D:124)

SAWYT
17 SAWYT from 1991/1992 to 2007/2008

760 lines

Genotypic data in 2010: 2150 DArT (A:462, B:668, D:275, 
unknown: 749)

Genotypic characterization 

Presenter
Presentation Notes
Whereas the phenotypic evaluation of both yield trials has been extensive, a genotyping characterization of the germplasm have not been performed yet. 
Genome wide characterization with molecular markers encompasses a range of applications investigating genotypic structures and diversities of the germplasm or genotype-phenotype associations. 
ESWYT and SAWYT were genotyped with DArT markers.
Their bi-allelic natures limits to some extent the range of analyses possible but this is compensated by the high genome coverage.



First attempt:
Genotypic characterization of CIMMYT advanced lines targeted to
five Mega-environments (ME)
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A fist attempt of genotyping the international yield trials included the advanced lines targeted to diverse mega environments in 2000/2001. 
In total seventy lines including the 22nd ESWYT and the 9th SAWYT were genotyped with 100 markers
It was rather disappointed to reveal this completely unstructured cloud for genotypes, with more than 90% of the genetic variation observed within each trail or ME
 and only 8% between the trials.
I draw the conclusion that time that either 1) selection based on ME adaptation has not been practiced long enough, 
2) genes conferring fitness to one ME are not unique to that ME and may confer fitness to several MEs. 
3) adaptation to MEs is not based on an accretion of random genes but rather limited specific genes. 




ESWYT
SAWYT

Relationship between ESWYT and SAWYT
entries
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Applying the same approach for the ESWYT and SAWYT revealed similar results  at the first view.
However, in the area below the first principal coordinate analyses seems to distinguish the individuals of the both trials.
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This picture gets clearer when grouping the individual lines at the trail level. Two clear clusters are visible.
The first cluster encompassing all ESWYT germplasm and the first eight SAWYT,  SAWYT 9 to 17 build the second separate cluster. 
This indicates an increasing diversification of the germplasm.
The ESWYT germplasm was selected for highly productive areas under intense selection pressure for yield potential for many decades. 
A different focus of selection pressure towards genetic determinants effecting physiological responses to drought tolerance was required. 
The results make sense when cosidered that the breeding for the two environments evolved from a single breeding program and was subsequently spit into two programs. And when we consider the time necessary to develop a wheat cultivar, a selection history of eight years is not many for the adaptation of germplasm to a different environment. 
This results could be confirmed when calculating the genetic distance between ESWYT and SAWYT disseminated the same years. Genetic distance between both trials has been increasing.




One ME1 parent
60.7%

One ME1 parent
62.9%

Total area (%) planted to 
modern varieties in 1990

Both parents 
16.9% Targeted 

MEs4 and 5 
26.8%

Both parents 
12.5%Targeted 

MEs4 and 5 
20.2%

Total area (%) planted to 
modern varieties in 1997

Spillover of wheat lines from favorable to 
marginal environments

Lantican et al., 2001
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The diversification of germplasm has been indicated before at the pedigree level. 
In 2001, a CIMMYT impact study investigated the spillover of lines from favorable to marginal environments in two years 1990 and 1997
Spillover was defined, when ME1 or ME2 materials were used in breeding varieties for either ME4 or ME5.
Spillover was determined by carefully checking the pedigrees of wheat varieties planted in ME4 and ME5 in 1990 and 1997 for any ME1 or ME2 material.
Direct spillovers from ME1 and ME2 decreased from about 16.9% of cultivated area in 1990 to 12.5% in 1997 (Figure 3). The area planted to varieties specifically targeted at MEs 4 and 5 (i.e., no ME1 or
ME2 materials were used in breeding these varieties) increased by 6.8% in 1997. 
Indication that less ME1 and ME2 materials were used in breeding for ME4 and ME5 indicating increased germplasm differentiation.




Veery wheat 
and descendants

Kauz and 
descendants

Bobwhite 
and descendant

Pavon F76 
and descendant

ESWYT SAWYT

Population structure within each yield trial

Attila/Veery 
wheat and 
descendants

Berkut/Pastor 
and descendants

Weebill and 
descendants

V. Arif et al.,
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Presentation Notes
To infer population structure within each trail we implemented a model based clustering method. The ESWYT germplasm could be assigned into four subpopulations, the SAWYT germplasm into three subgroups, The groups in both trials were shaped by prominent CIMMYT wheat lines and its descendants. The Veery wheat and descendants build a subgroup in both trials. The Veery wheats, especially Veery 5 and Atilla, have shown high yield potentia and abiotic stress resistance and were released in contrasting wheat growing environments 
The size of the subpopulations ranged between 94 and 250 lines. In each trial around 100 lines could not be assigned to any of the populations. Genetic variation varied for the subpopulations, 
Clustering for each of the subpopulations revealed different level of additional substructures. 
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Genetic diversity in modern agriculture is a function of the range of 
varieties are grown at any time
Only a small number of available varieties are disseminated
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Improved germplasm of the trials is supplied to the national programs and subsequently to the farmerss. Each line contains within it very little genetic diversity, so that genetic diversity is a function of the range of lines distributed every cycle. Breeders select only the most potential profitable genotypes and larger number of lines are maintained apart by breeders. Still the questions remains whether genetic diversity available has changed due to the activities breeders, 
Over the time period of ESWYT and SAWYT dissemination genetic diversity available remained relatively constant.
Genetic diversity has been slightly higher in the ESWYT than in the SAWYT.
Fluctuations were evident with the lowest level of diversity observed in ESWYT 20 distributed in 1999 and SAWYT10 in 2000.
Factors to consider that influence the diversity flux are the diversity of the breeders entire gene pool at a current time, the implementation of diverse selection schemes, crew changes, and the current generic and local targets to  the germplasm 
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The high density DArT markers allow the comparison at the level of the individual genomes
In the ESWYT, genetic diversity was highest in the A and B genomes, lowest in the D genome and this ranking continues over time.
In the SAWYT, lower genetic diversity can be observed in SAWYT 10 to 17. Additionally the ranking of the mean genetic distances  of the individual genomes changes, with a larger decline of mean genetic distance in the B genome.



Genetic diversity among ESWYT and SAWYT
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Going back to the mean genetic distance between ESWYT and SAWYT disseminated  in the same year, at the level of the individual genomes the distance between ESWYT and SAWYT is also highest in the B genome.
Similar results were observed by White at all 2009, calculating the genetic diversity of UK US and Australian germplasm. Similar differentiation of the germplasm at the individual genome level, genetic distance was highest in the B Genome, the lowest in the D genome
The D genome is globally the least diverse genome (reflected by the relative lack of polymorphism) and might therefore not be subject of selection. 




Introduction of synthetic derived lines (SDL) in 
the SAWYT

Statistic A+B D All SSRs

DW† SHW BW SDL SHW BW SDL SHW BW SDL

Na 2.27 2.67 2.17   3.82 4.61 2.25 4.50 3.27 2.21 4.07

HS 0.40 0.40 0.37 0.46 0.70 0.37 0.50 0.50 0.37 0.47

P 0.75 0.85 0.67 0.97 0.90 0.68 0.97 0.90 0.67 0.97

† DW: durum wheat; SHW: synthetic hexaploid wheat; BW: bread wheats; 
SDL: synthetic derived lines.
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Additionally different between the ESWYT and the SAWYT is the percentage of SHW derived crosses. 
From the 5th SAWYT the percentage of SHW derivatives lines have been constantly increasing, on the other hand it has been shown that the percentage of the SHW, 
While the number of synthetics increased, their performance increased, however the number of diverse synthetic increased.
Higher distance among the ESWYT and SAWYT at the level of the A and especially B genome could be the indication of selection of A and B genome of the synthetics.  
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Independent on the genetic diversity level. Changes of allele frequency across loci might occur. 
When we group the ESWYT and the SAWYT according their differences in year and estimate the average genetic distance among those we observe an increasing trend in ESWYT and SAWYT suggested a systematic 
change in allele frequencies during the breeding process in both trials. 
This change has observed to be higher in the SAWYT than in the ESWYT
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To go beyond the changes allele frequency at the marker level, allele frequency spectra of all markers were examined via linear regression, 
In the ESWYT we found 13.6% of the markers with a significant change of allele frequency (p<0.001). The markers were located in 19 of the 21 wheat chromosomes. The majority of markers were located again on chromosome B, indicated selection in the genome but not loosing genetic diversity.
In the SAWYT more than 800 markers were initially found with a significant change in allele frequency most likely due to the shift of germplasm during after the initial nine years. Estimating the allele frequencies only in the last eight SAWYT, a lower frequency of 5% of the markers underwent a significant change in allele frequency. None of the genomes is dominating with the majority of the markers still not assigned to a certain genome.
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A subset of the ESWYT marker data have already been used in the studies of Crossa et al., 2007 and Crossa et al., 2010 to identify marker-trait associations via whole genome association mapping and genomic prediction. 
We found that 30 out of the 80 significant markers with known map positions observed in this study have been previously identified to be associated with grain yield and 13 markers with leaf or stem rust. 
Thus, constant selection for grain yield and rust resistance was reflected by the markers. Markers did either represent individual QTL or haplotypes of several closely linked markers. 
In the SAWYT w found that 5 out of the 18 significant markers with known map positions  previously identified to be associatedh with grain yield or rust .
 Selection in the same but also diverse chromosome regions emphasize the assumptions of a new focus of selection pressure in the SAWYT based on breeding especially for adaptation under drought. 



Conclusions
 Selection for environment adaptation has led to the 

establishment of two different gene pools in the CIMMYT 
germplasm 

 Heterotic groups within each gene pool were identified and 
shaped by prominent CIMMYT parents

 Genetic diversity the both international yield trails has been 
stable over time

 The B genome revealed the highest genetic variation and allele 
frequency changes in the ESWYT and SAWYT germplasm 

 Genomic regions associated to yield and rust could be 
confirmed in ESWYT and are most likely different in the SAWYT
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Conclusions
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