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Inclusive Composite Interval Mapping of Quantitative Trait Genes
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Abstract: Rapid increase in the availability of fine-scale genetic marker maps has led to the intensive use of QTL mapping in the
genetic study of quantitative traits. Composite interval mapping (CIM) is one of the most commonly used methods for QTL map-
ping with populations derived from biparental crosses. However, the algorithm used in CIM cannot completely ensure that the
effect of QTL at current testing interval is not absorbed by the background marker variables, and may result in biased estimation
of QTL effect. We proposed a statistical method for QTL mapping, which was called inclusive composite interval mapping (ICIM).
Two steps were included in ICIM. In the first step, stepwise regression was applied to identify the most significant regression
variables. In the second step, a one-dimensional scanning or interval mapping was conducted for detecting additive (and domi-
nance) QTL and a two-dimensional scanning was conducted for detecting digenic epistasis. ICIM provides intuitive statistics for
testing additive, dominance and epistasis, and can be used for most experimental populations derived from two inbred parental
lines. The EM algorithm used in ICIM has a fast convergence speed and is therefore less computing intensive. ICIM retains all
advantages of CIM over interval mapping, and avoids the possible increase of sampling variance and the complicated background
marker selection process in CIM. A doubled haploid (DH) population in barley was used to demonstrate the application of ICIM
in mapping additive QTL and additive by additive interacting QTL.

Keywords: Quantitative trait; QTL mapping; Inclusive composite interval mapping; Additive and dominance effects; Epistatic
interaction
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Table 1 Nine additive QTL identified by ICIM (PIN=0.01, POUT=0.02) to control kernel weight (KWT) in the barley DH population

QTL LOD b
QTL name Position (cM) LOD score Additive effect (mg) PVE " (%)
qgKWT2H-1 83 4.60 0.39 3.13
qgKWT2H-2 140 7.23 -0.51 5.34
qKWT2H-3 201 5.59 0.43 3.77
qgKWT3H-1 1 4.39 —-0.39 3.04
qgKWT3H-2 22 7.41 0.51 5.33
qKWT4H 125 4.12 -0.37 2.73
qKWT5H 5 34.28 -1.37 38.37
gKWT7H-1 4 8.27 —-0.55 6.07
qgKWT7H-2 95 19.81 —-0.92 17.20
Total variation explained (%) ? 80.76
! PVE: percentage of variance explained.
2 Total phenotypic variation explained by additive effects in the regression of phenotype on markers.
qKWT2H-1 qKWT2H-2 qKWT2H-3 qKWT3H-1 gKWT3H-2gKWT4H qKWTSH gKWT7H-1 qKWI7H-2
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Fig. 1 Mapping results from three mapping parameters for additive QTL affecting kernel weight in barley population consisting of

145 DH lines
, (PIN) 0.01 0.001 0.05, (POUT) PIN 2
1cM 1H TH 7 , PIN=0.001 LOD 50, PIN=0.01 LOD
100

Three probabilities for entering variables and removing variables were considered (i.e., PIN = 0.01, 0.001, 0.05 and POUT = 0.02, 0.002, 0.10,
respectively). The scanning step is 1 cM. 1H to 7H represent the seven barley chromosomes. The LOD scores at PIN = 0.001, and 0.01 were
added by 50 and 100, respectively.
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Fig. 2 Two-dimensional scanning from ICIM testing the significance of additive and epistasis (A), and epistasis only (B) affecting
kernel weight (KWT) in barley population consisting of 145 DH lines

A: LOD, 3 B: LODys

LOD

A: LOD, determines the significance of all genetic variations; B: LODa determines the significance of epistatic variation.

LOD profile from one-dimensional scanning is shown at the top and left.
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