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Objectives of the project

» To develop simulation tools for direct application
In the study of drought adaptation

» To improve the QTL detection power and to
conduct intensive QTL mapping studies in order
to acquire precise gene information and build
Increasingly realistic and robust genetic models

» To apply the simulation tools in ongoing breeding
programs and to train breeders to be able to
optimize their ongoing drought tolerance breeding
programs



Inclusive Composite Interval
Mapping (ICIM) of Quantitative
Trait Genes or Locl

(Genetics, 2007, 175: 361-374
TAG, 2008, 116: 243—-260)



Simple Interval mapping (IM) and
the associated assumption

» IM proposed by Lander and Botstein (1989)
» Assumption: No more than one QTL per

chromosome or
»“Ghost QTL” for

N
N

Kage group

Ked QTL

» Large confidence interval

> Blased effect estimation

» Composite interval mapping (CIM) proposed by
Zeng (1993, 1994)
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Problems with CIM

»In the algorithm of CIM, both QTL effect at the
current testing position and regression coefficients of
the marker variables used to control genetic
background were estimated simultaneously in an
expectation and maximization (EM) algorithm.

» Thus, this algorithm could not completely ensure that
the effect of QTL at current testing interval was not
absorbed by the background marker variables and
therefore may result in biased estimation of the QTL
effect.

»CIM cannot be extended to mapping epistasis.



Genetic and statistical basis of ICIM
for additive and epistatic mapping

E(9,9, | X) =44 XX + 4,0 Xi X1 + 04X X + 20X 01Xk

Statistical
model



Genomic scanning for additive and
Interacting QTL

» One-dimensional scanning (interval mapping)

» Two-dimensional scanning (interval mapping)
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f ICIM and CIM

Confidence interval
Tesing position (cM)
Testing position (cM)
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A. Power from 100 simulation runs
C. Mean QTL effects from 100 simulation runs

B. Mean LOD profile from 100 simulation runs
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Power comparison of ICIM and CIM

. Power from 100 simulation runs
94 0903 94 o2

OCIM BICIM

93 90 97 98

1. |

Power (%0)

. Deviation of position estimation from 100 simulation runs OCiM BICIM
1.9

J("_l

-0.7

Deviation (cM)




Advantages of ICIM over CIM

»|CIM has a simpler form and faster convergence
speed (EM algorithm converges after 3to 5
iterations), without losing the optimal properties
associated with CIM.

»|CIM gives clearly high LOD scores at
chromosomal regions with QTLs but rather low
LOD scores where no QTL iIs located, and results
In less biased estimates of QTL effects, thereby
Improves the mapping power and precision.



LOD score

High stability of ICIM to input parameters

145 random DH lines in barley (HarringtonxTR306), and 127 markers
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ICIM with F2 populations
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ABSTRACT

Fo populations are commonly used in genetic studies of animals and plants. For simplicity, most
quantitative trait locus or loci (QTL) mapping methods have been developed on the basis of populations
having two distinct genotypes at each polymorphic marker or gene locus. In this study, we demonstrate
that dominance can cause the interactions between markers and propose an inclusive linear model that
includes marker variables and marker interactions so as to completely control both additive and
dominance effects of QTL. The proposed linear model is the theoretical basis for inclusive composite-
interval QTL mapping (ICIM) for Fy populations, which consists of two steps: first, the best regression
model is selected by stepwise regression, which approximately identifies markers and marker interactions
explaining both additive and dominance variations; second, the interval mapping approach is applied to
the phenotypic values adjusted by the regression model selected in the first step. Due to the limited
mapping population size, the large number of variables, and multicollinearity between variables,
coefficients in the inclusive linear model cannot be accurately determined in the first step. Interval



The software implementing ICIM additive and epistasis mapping called

QTL IciMapping

(available from http://www.isbreeding.net)

1QTL IciMapping: Inclusive Composite Interval Mapping for Quantitative Trait Genes @

Figures Tools Help

Current trait:

I QTL IciMapp. ..




Purpose of modeling and
simulation In plant breeding

» Optimize breeding schemes
* Increase genetic gain and selection response
= Improve breeding efficiency

» Investigate Issues that cannot be tested
through field experiments

» Better understand the genetics of quantitative
traits



Available breeding simulation tools

»QuLine, a computer software that simulates
breeding programs for developing inbred lines

»QuHybrid, a computer software that simulates
breeding programs for developing hybrids

» QUMARS, a computer software that simulates
marker-assisted recurrent selection and genome-
wide selection



Nine major genes to be pyramided in wheat

Gene Rht-B1 | Rht-D1 | Rhit8 Sr2 Crel VPM | Glu-B1 | GIlu-A3 | tin
Chr. 4BS 4DS 2DL 3BS 2BL 7DL 1BL 1AS 1AS
Marker Codom | Codom Codom | Codom | Dom Dom | Codom |Codom | Codom
MK-gene | O 0 0.6 1.1 0 0 0 0 0.8
distance

HM14BS | Rht-Bla | Rht-D1a | Rht8 sr2 crel vpm Glu-Bla | Glu-A3e | Tin
Sunstate | Rht-Bla | Rht-D1b | rht8 Sr2 crel VPM | Glu-B1i | Glu-A3b | Tin
Silverstar | Rht-B1b | Rht-D1a | rht8 sr2 Crel vpm Glu-B1i | GIlu-A3c | tin
+tin

Target Rht-Bla | Rht-D1a | Rht8 Sr2 Crel VPM | Glu-B1i | GIu-A3b6 | tin




One strategy identified by QuLine
to combine the nine genes from a topcross

» Selection of Sunstate as the final parent (having
largest number of favorable alleles) in the topcross

» Stage |: Selection for Rht-Bla and Glu-B1li
homozygotes, and enrichment of rht8, Crel, and tin Iin
TCF1

» Stage Il: Selection of homozygotes for one target allele,
e.g. Rht8, and enrich remaining target alleles in TCF2

» Stage lll: Selection of the target genotype in DHS/RILS



Comparison with other strategies

» For this strategy, one target genotype can be
selected by screening < 600 individuals/lines

» For one-stage selection in advanced generations,
one target genotype can be selected be screening
> 3500 lines

» For one-stage selection in early generations, say
TCF2, one target genotype can be selected be
screening millions of individuals

» Crop Science, 2007, 47: 580-588



Coleoptile length (CL) of wheat
(h? = 0.80)

entry-mean

From Dr. David Bonnett, CIMMYT



CL is a typical quantitative trait

» 159 DH lines derived from two Australian wheat cultivars Cranbrook
and Halbert (provided by Greg Rebetzke, CSIRO, Canberra,
Australia) using Inclusive Composite Interval Mapping (ICIM)

QTL mapping of coleoptile length (mm) in wheat
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SiXx major genes in two parental lines

Chr. 4DS 2DL 3BS 7DL 1BL 1AS
Marker Codom Codom |Codom |Dom Codom |Codom
MK-gene |0 0.6 1.1 0 0 0
distance

HM14BS | Rht-Dia | Rhi8 sr2 vpom Glu-Bla | Glu-A3e
Sunstate | Rht-D1b | rht8 Sr2 VPM Glu-B1/ | Glu-A3b6




Additive genetic effects of CL genes, genotypes of
HM14BS, Sunstate and the genotype with the longest CL

Rht-D1 4DS : : Rht-D1b Rht-Dla
qCL1 1AS : : - +

qCL2 2BS : : -
qCL3 2DS : : -
qCL4 3BS : : -
qCL5 5AL

qCL6 5DS

qCL7 Unidentified

qCL8 Unidentified

gqCL9 Unidentified

qCL10 Unidentified

gCL11 Unidentified

gqCL12 Unidentified

qCL13 Unidentified

gCL14 Unidentified

qCL15 Unidentified

qCL16 Unidentified

qCL17 Unidentified

Coleoptile length (mm)
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For the six major genes

Breeding target ...

Gene

Rht-D1

RALE

Sr2

VPM

Glu-B1

Glu-A3

Target

Rht-Dia

RNht8

Sr2

VPM

Glu-B1/

Glu-A3b

For coleoptile length (CL), CL > 130 mm, which is

30% longer t

Target: to se

nan Sunstate’s

ect as many as possible inbred lines

combining the six desired alleles and having CL >
130 mm, so as to have chances to select for other

traits, I.e., yield and adaptation.




Validating the genetic model

A. Observation B. Simulation
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Do we need backcrossing?

A. Distribution of inbred lines
combining the six major genes
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Number of inbred lines combining
the six major genes

C. Distribution of inbred lines combining
the six major genes and CL > 130 mm
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B. Distribution of inbred lines
with CL> 130 mm
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Comparison of various MAS strategies

In selecting the six major genes
(1000 F2 individuals and 200 RILS)

A. Distribution of selected F2 individuals
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Number of F2 individuals after selection

Frequency (%)

B. Distribution of target lines
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Comparison of MAS and phenotypic
selection (PS) for coleoptile length

—— MAS (mean: 23.9)
—O—PS(mean:25.1)
—O— MAS+PS (mean: 25.1)
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Conclusions

» An average of 2.4 individuals with the target genotype were
present in unselected F;-derived doubled haploid (DH) or
recombinant inbred line (RIL) populations of size 200.

» A selection scheme for the six major genes in F2 increased the
number of target individuals to 19.1, and additional marker-
assisted selection (MAS) for CL increased the number to 23.9.

» Phenotypic selection (PS) of CL outperformed MAS in this
study due to the high heritability of CL, incompletely linked
markers for known QTL, and the existence of unidentified QTL.

» However, a selection scheme combining MAS and PS was
equally as efficient as PS (25.1 target genotypes selected) and
would result in net savings in production and time to delivery of
long coleoptile wheats containing the six favorable alleles.



Tangible outputs delivered

» QTL IciMapping software package v2.2, available from
» Improved QU-GENE modules, available from

» LI, H, J.-M. Ribaut, Z. LI, and J. Wang. 2008. Inclusive
composite interval mapping (ICIM) for digenic epistasis

of quantitative traits in biparental populations. Theor.
Appl. Genet. 116: 243-260.

» Zhang, L., H. Li, Z. Li, and J. Wang. 2008. Interactions
between markers can be caused by the dominance
effect of QTL. Genetics 180: 1177-1190.


http://www.isbreeding.net/
http://www.uq.edu.au/lcafs/qugene/

Tangible outputs delivered (cont’d)

» Chapman, S. C., J. Wang, G. J. Rebetzke, D. G. Bonnett. 2008.
Designing crossing and selection strategies to combine diagnostic
markers and quantitative traits. IWGS 2008, Brisbane, Australia.

» Wang, J., S. C. Chapman, D. G. Bonnett, G. J. Rebetzke. 20009.
Simultaneous selection of major genes and QTL: a case study using

coleoptile length in wheat (Triticum aestivum L.). Theor. Appl.
Genet. 119: 65-74.

» Wang, J., R. P. Singh, H.-J. Braun, W. H. Pfeiffer. 2009. Investigating
the efficiency of the single backcrossing breeding strategy through
computer simulation. Theor. Appl. Genet. 118: 683-694.

» H. Li, Wang, J., R. Messmer, J.-M. Ribaut. 2009. Interacting genes
are less repeatable than additive genes in maize (Zea mays L.) (to be
submitted soon)
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For those who want to know more about

how the breeding procedure can be
modeled, simulated and optimized...

» A Half-day Training Course on using Simulation in
Breeding Projects, 8:30-12:30, 24 Sep., 2009

= |ntroduction of the principles of breeding simulation (0.5 hr,
Jiankang Wang)

= The genetics and breeding simulation tools and their
applications in optimizing breeding strategies and improving
breeding efficiency (1 hr, Jiankang Wang)

= Use of the QU-GENE graphical user interfaces to design and

complete simulation experiments, analyze and visualize the
results (1.5 hrs, Scott Chapman)



Thank you for your attention!
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