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Designing of the Statistical Models for Imprinting Patterns of
Quantitative Traits Loci (QTL) in Swine
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SUMMARY

Characterization of quantitative trait loci (QTL) was investigated in the experimental cross
population between Berkshire and Yorkshire breed. A total of 512 F; offspring from 65 matting
of F; parents were phenotyped the carcass traits included average daily gain (ADG), average
backfat thickness (ABF), tenth rip backfat thickness (TRF), loin eye area (LEA), and last rip
backfat thickness (LRF).

All animals were genotyped for 125 markers across the genome. Marker linkage maps were
derived and used in QTL analysis based on line cross least squares regression interval mapping.
A decision tree to identify QTL with imprinting effects was developed based on tests against
the Mendelian mode of QTL expression. To set the evidence of QTL presence, empirical signi-
ficance thresholds were derived at chromosome-wise and genome-wise levels using specialized
permutation strategies. Significance thresholds derived by the permutation test were validated in
the data set based on simulation of a pedigree and data structure similar to the Berkshire-
Yorkshire population. Genome scan revealed significant evidences for 13 imprinted QTLs
affecting growth and body compositions of which nine were identified to be QTL with
paternally expressed inheritance mode. Four of QTLs in the loin eye area (LEA), and tenth rip
backfat thickness (TRF), a maternally expressed QTL were found on chromosome 10 and 12.
These results support the useful statistical models to analyse the imprinting for the QTLs related
carcass trait.

(Key words : swine, quantitative trait loci, gametic imprinting, genome scan)
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Decision tree used to determine presence and mode of inheritance of QTL based on a sequence for
tests involving the Full, Mendelian(Men), Paternal(Pat), Maternal (Mat) and the QTL(Null) models. The
Mendelian model is used as the basic model.
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Table 1. Chromsome and genome-wise significance threshold' at the 5 and 1% level derived by permutation
test for the Berkshire-Yorkshire population for seven tests of alternative models

Statistical Test’ Men/ Full/ Full/ Full/ Full Pat/ Mat/
Null Null Men Pat Mat Null Null

Degrees of freedom’ 2 3 1 2 2 1 1
Chromosome-wise’ 5% 4.85 4.07 6.84 5.03 5.01 6.89 7.05
1% 6.81 5.44 10.19 6.88 6.80 10.28 10.39
Genome-wise 5% 8.21 6.44 12.79 8.09 8.10 12.88 13.08
1% 9.89 7.72 16.21 9.88 9.97 16.27 16.84

' Average thresholds of three representative traits: loin eye area, average backfat thickness, average daily gain.
2 Men = Mendelian model; Full = Full model; Pat = Paternal model, Mat = Maternal model; Null = no QTL model.
* Numerator degrees of freedom for the test statistic, based on the difference in number of model parameters.

4
Thresholds averaged over chromosomes.

Table 2. Chromosome-wise significance thresholds and Type | error rates for F-statistics of tests of the Full
against the Mendelian(Men) and Paternal(Pat) expression models, as derived by simulation(10,000
replicates under the null hypothesis) and by permutation tests(20,000 permutation) of three randomly
chosen simulated data sets. Simulated data sets were for a bi-allelic additve QTL with a (paternal)
allele substitution effect equal to 0.25 phenotypic standard deviations

Permutation test thresholds (Thr) and Type 1 error rates' (%) for three

Significance Thresholds random sim

level from simulation Data set 1 Data set 2 Data set 3

Thr % Thr % Thr %

Test of the Full against the Mendelian model

10% 5.47 5.44 10.20 5.39 10.45 5.67 9.14

5% 6.77 6.80 4.96 6.76 5.05 7.08 4.14
1% 9.65 10.19 0.71 10.07 0.82 10.37 0.67

Test of the Full against the Paternal model

10% 4.18 4.21 9.5: 4.18 9.76 4.13 10.16
5% 5.03 5.01 5.12 4.96 529 4.93 5.36
1% 6.64 6.92 0.75 6.72 0.96 6.78 0.90

! Type 1 error rate when the threshold obtained by permutation test was applied to the 10,000 data sets simulated under
the null hypothesis.

? Three data sets were chosen from data sets simulated with a paternal QTL for tests of the Full against the Mendelian
model and from data sets simulated with a Mendelian QT.. for tests of the Full against the Paternal model.
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Table 3. QTL detection results for tests by statistical model on growth and body composition traits

Tests for presence of QTL

Tests for mode of inheritance

SSC Trait
Men Full Pat Mat Full/Men Full/Pat Full/Mat

1 ABF * *% *% * Kk
1 TRE ok * % * *
1 LRF * * **
2 ABF *% ok * %
) TRF % ok * *
2 LRF *% * ok * %
2 LEA ok *% * *

10 ABF * ok * ok

10 TRF * *% * *

10 LEA *x * Kk *

12 TRB * * * *

17 16WT * *E *E **

17 ADG * ok ok *

Men: Mendelian mode; Full = Full model; Pat = Paternal model; Mat = Maternal model.

ABF: Average backfat thickness, TRF: Tenth rip backfat thickness, LRF: Last rip backfat thickness, LEA: Loin eye area,

ADG: Average daily gain.
*  Significant at 5% chromosome-wise level.
** Significant at 1% chromosome-wise level.
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Tabel 4. Location and characterization of QTL affecting traits

Estimates for inferred mode of expression

Inferred mode of

SSC  Trait expression F-value Positi.on (cM from effect’(SE)
VS. Null modet proximal marker)
1  APBF Paternal 17.7%%% 66 -0.11 (0.04)
1 TRF Paternal 11.1%* 96 -0.12 (0.06)
1 LRF Paternal 20.2%%* 66 -0.10 (0.07)
2 ABF Paternat 15.3%%* 7 . 014 (0.02)
2 TRF Paternal 12.5%* 3 0.12 (0.03)
2 LRF Paternal 14.5%** 8 0.13 (0.02)
2 LEA Paternal 15.1%%* 6 -0.94 0.21)
10 ABF Maternal 12.1%* 79 -0.10 (0.05)
10 TRF Maternal 12.3** 3 -0.14 (0.03)
10 LEA Paternal 7.5% 117 » 0.61 (0.19)
12 TRB Paternal 8.0* 55 0.11 (0.04)
17  16WT Maternal 13.7%%* 90 0.02 (0.01)
17 ADG Maternal 12.6%* 92 0.15 (0.04)

ABF: Average backfat thickness, TRF: Tenth rip backfat thickness, LRF: Last rip backfat thickness, LEA: Loin eye area,

ADG: Average daily gain.

*  Significant at 5% chromosome-wise level.
**  Significant at 1% chromosome-wise level.
*** Significant at 0.5% chromosome-wise level.
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