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1. Introduction 
We develop a new computational model for quantifying the effects of genomic imprinting on complex traits 
and studying how genomic imprinting transmits from one generation to next. The model was founded on 
two-way reciprocal backcrosses which allow for separate tracing of allelic transmission from maternal and 
paternal parents. We use traditional quantitative genetic principles to define genetic parameters that describe 
genomic imprinting effects and their interactions with other types of genetic effects. A number of genetically 
meaningful hypothesis tests are generated to ask and address fundamental questions in quantitative 
inheritance and variation. 
 
This guide gives a brief instruction on how to perform the analysis. The outline of this guide is as follows. 
 
Section 2: Installation 
Section 3: Data formats 
Section 4: Main functions 
Section 6: Simulation 
Section 7: Function details 
Section 8: References 
 
We refer to Chenguang Wang el at (2011) for the theoretical foundation of this program. If you appreciate this 
software then please cite the following paper in your work: 
 

1. Chenguang Wang, Zhong Wang, Li Wang, Junjia Zhu, Daniel R. Prows,Rongling Wu. A computational 
model for the inheritance pattern of genomic imprinting for complex traits. 

 

2. Installation 
 

The program for imprinting model depends on the MASS package. This package is available on CRAN, so it 
should be installed firstly.  
 
It is unnecessary to install the program. After unzipping the program and copying them to a folder, it can be 
loaded into R as the following command. 
 

>source(“imp2_model.r”); 

>source(“imp2_plot.r”); 

 

3. Data formats 
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The imprinting model can indentify QTL loci and perform hypothesis testing on the basis of data files 
containing the appropriately formated marker, genotypic and phenotypic data. The appropriate formatting for 
these two files is described below.  
 
3.1. Marker file 
 

MarkId, chromosome, Distance, Name 
1, 1, 0, D1Mit3 
2, 1, 9.4 D1Mit20 

… 

 
In the marker file, the distance field is a distance (in cM) in one chromosome or linkage group. The header 
row should be included. 
 
3.2. Data file 
 

SubjID, Phenotype, Cross, Marker 1, Marker 2, Marker 3, …… 
1, 182.00, 1, 2,  -1, 1, 1, …… 
2, 162.50, 2,-1,  2,  2, 1, …… 
3, 173.40, 8, 2,  2,  0, 0, …… 
…… 

 
Three genotypes (aa=0, Aa=1, AA=2) and missing data (coded as -1) are valid marker values. Eight mating 
types (1..8) are valid cross values. The phenotype column should be filled with numerical values. 
 
There are only limited data checks in the current version, and the program requires no missing data in the 
columns of phenotype and cross.  

 

4. Main functions 
In general, the procedure flow includes the three steps: 
 
1) Load dataset (marker data, cross data, phenotypic data and genotypic data) into a data object. 
2) Scan all markers at every 2 cm step under the null hypothesis to obtain a result object. 
3) Summary the result object and plot the LR2 profile for all chromosomes. 
 
In order to implement above flow, we need the following codes. 
 

dat <- IMP2.load(“IMP2_marker.csv”, “IMP2_data.csv, options=list(log_phenol=1)); 

ret <- IMP2.hp_test(dat); 

summay(ret); 

 

Above test is performed under the default hypothesis which all genetic components are equal zero. The 
influences of these imprinting effects on genotypic value of AA, Aa, aA and aa can be tested by the different 
null hypothesis. For examples, the following snippet implements how to test the null hypothesis as the 
following: 
 H0:  i1 = i2 = I1 = 0   
 

ret <- IMP2.hp_test(dat, hp=c(5,6,13)); 
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summay(ret); 

plot(ret) 

 
The indexes of genetic components of i1, i2 and I1 are 5, 6 and 13, so a test set should be appended into the 
IMP2.hp_test() method for a special null hypothesis. 
 
The summary() method can find out the significant QTL loci from the results of hypothesis test and 
summarize the significant QTL information including the genetic components. The user can set the maximum 
QTL locations for the results.  
 
The plot() method can plot LR2 profiles for all chromosomes and some significant QTL loci. It also can 
export the figures into some PDF files. The following snippet shows how to do it. 
 

plot(ret, options=list(bOutputPDF=1)); 

 
EM algorithm is employed to estimate the genetic components and variance for each backcross. We 
implements this algorithm in the EM_proc() method. The EM_proc() can be called by the user to estimate 
specific QTL loci or special null hypothesis. The following is a demonstration to show how to call it alone. 
 

pg_data  <- cbind( dat$phen, dat$cross, dat$geno[,3], dat$geno[,4] ) 
d.marker <- ( m.right - m.left )/100; 

d.qtl     <- ( qtl - m.left )/100; 
r0   <- IMP2.EM_proc( pg_data, d.marker, d.qtl, hp=c(5,6,13)  ); 
r1   <- IMP2.EM_proc( pg_data, d.marker, d.qtl  ); 

lr2 <- 2*(r1$l – r0$l); 

 

5. Simulation 
 
The simulation method is provided to test and verify the Imprinting Model. There are two methods for data 
simulation, the first is IMP2.param() to build a parameter object and the second is IMP2.simulate() to build a 
data object containing marker data, cross data, genotypic data and phenotypic data based on the parameter 
object. Once a parameter object is created, you can directly change the default values. 
 

The following table lists all items included in a parameter objects. These items are originally from the 
statistical model: 
  

Table 1: All Items of parameter object 
No Items Default Description 
1 nsize 100 Sample size 
2 h2 0.4 Heritabilities 
3 qtl 50 Significant QTL loci 

 
4 marker Vector Marker table for one chromosome. Default value is the following 

vector. 
  c(0, 20, 40, 60, 80, 100) 

5 mupar Vector<16> Genetic components. 
A vector which includes 16 components of u, a, d, i1, i2, i3, i4, i5, i6, 
i7, i8, I1, I2, I3, I4. Default value is the following vector. 



Statgen.psu.edu 

STATGEN.PSU.EDU - 4 -  

 

 

The following snippet demonstrates how to customize the parameter values. 
 

par <- IMP2.param(); 
par$nsize <- 200; 
par$h2 <- 0.1; 
dat <- IMP2.simulate(par); 

 
The program also provides one method to do a full simulation test. IMP2.simu_test() implements three steps 
in one function, including parameter building, data generating and hypothesis testing. The following is an 
example to use the IMP2.simu_test(). 
 

> ret <- IMP2.simu_test(); 
> summary(ret); 

 

6. Function details 
 

No Function description 

1 

IMP2.load (marker_file, data_file, options=list()) 
 

Load markers definition and phenotype/genotype data stored in CSV file. 
Description: 

 

marker_file: A CSV file which contains markers definition described in the section 3. 
Arguments: 

data_file: A CSV file which contains phenotype, cross and genotype data described in the 
 section 3. 
options:  One option is available 
     log_pheno: take a log operation before the phenotypic data is used. 
 

2 

IMP2.hp_test(dat_obj, hp=c()) 
 

Scan all markers at every 2 cm step under the null hypothesis. 
Description: 

 

The dat_obj is a data object returned by IMP2.load() or IMP2.simulate() method. This function 
will return a result object which can be summarized by summary() command. 

Arguments: 

 
The parameter of hp can describe a null hypothesis. The genetic components are µ, a, d, i, i1, i2, i3, 
i4, i5, i6, i7, i8, I1, I2, I3 and I4, and their corresponding indexes are 1,2,…16. So if a null hypothesis 
is the following components, the parameter of hp will be c(5,6,13).  
  i1=i2=I1 
 

3 IMP2. EM_proc () 
 

  c( 4, -0.01, -0.02, 0.05, 0.15, -0.03, 0.10, 0.10, 0.02, -0.03, 0.10, 
0.06, 0.01, -0.05, 0.05, 0.04) 
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EM algorithm. It estimates the genetic components and variance and obtains a likelihood value for 
a specific QTL locus. 

Description: 

 

pg_data:  a matrix including the columns of phenotype, cross, marker 1 and marker 2. 
Arguments: 

d.marker: the distance of maker 1 and 2. 
d.qtl:     the distance from the left flank marker to QTL locations 
hp:      the null hypothesis, please refer to IMP2.hp_test(). 
 

4 

IMP2.param() 
 

Create a parameter object for data simulation.  
Description: 

 

A parameter object is created and returned. 
Arguments: 

5 

IMP2.simulate(par_obj) 
 

This is simulation function by a parameter object. 
Description: 

 

Maker data, cross data, genotypic data and phenotypic data will be generated according to the 
parameter object value. A data object will be returned if this simulation is successful. 

Arguments: 

 

6 

summary(res_obj) 
 

Summarize the significant QTL loci and plot LR2 profiles for all chromosomes and single 
significant QTL loci. 

Description: 

7 

plot(res _obj) 
 

Plot LR2 profiles for all chromosomes and single significant QTL loci. 
Description: 

8 

IMP2.simu_test() 
 

Test the model by simulation method. 
Description: 

 

7. References 
(1) Chenguang Wang, Zhong Wang, Li Wang, Junjia Zhu, Daniel R. Prows,Rongling Wu. A computational 
model for the inheritance pattern of genomic imprinting for complex traits.  
 

8. Appendix: version history. 
3/14/2011: Version 1.0 has been released. 
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