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ABSTRACT:  
A system is presented supporting quality control in breeding 
programs with the four subsystems GEpipe, OptBS, 
webLOAD/LOAD, and PopRep. GEpipe is based on the 
standard inputs and outputs of mixed model genetic 
evaluation runs. Checking of pedigrees is performed 
together with plausibility checks of BLUE. Aggregate 
genotypes can be defined. All solutions to the MME are 
published in an automatically created web site for 
interactive browsing by breeders. OptBS deals with 
optimization of breeding programs. WebLOAD enables 
cleaning of heterogeneous datasets even if different animal 
ID systems. PopRep performs extensive analyses based on 
pedigrees such as generation intervals, rates of inbreeding 
and effective population sizes. The software is provided as 
an Open Source virtual appliance which can be run on both 
Linux and Windows. No software installation is required. 
Interaction with all modules in the appliance is through the 
web browser. 
Keywords: quality control; blup; virtual appliance; open 
source 

 
Introduction 

The quality of mixed model genetic evaluation depends to a 
large degree on the extent to which the assumptions are 
met. This is for instance true for the definition of groupings 
for fixed and non genetic effects, which are usually 
considered noise and, therefore, tend not to get attention. 
The data basis of routine genetic evaluations tends to 
increase from the run to the next with a not easily 
predictable impact on the subclass numbers. Furthermore, 
pedigrees also expand with new phenotype data but tend to 
get little checking as far as consistency checking goes. This 
project focuses on quality control of this process thereby 
opening the path for a comprehensive quality assurance of 
the genetic evaluation and selection process in animal 
breeding. 

Genetic evaluation in animal breeding is a highly 
IT centered business. While statistical methods receive a 
large share of discussion, software solution tend to get 
much less attention. There is a considerable use of general 
single program solutions solutions like the DMU or PEST 
package. These are written in compute efficient languages 
like Fortran or C and constitute one well defined building 
block in the complete process of genetic evaluation with all 
data management around this issue being left to the users 
with their very different IT systems. QS@breeding is a self 
contained software system which is based on a number of 
different programming languages and a whole host of freely 
available software tools. The problem with using many 
software packages lies in the need for installation and 

configuration which is often beyond the capabilities of the 
prospective user. Furthermore, such systems always start 
with a required operating system which may not be the one, 
that the user works with. As a result, while much software 
may be available which would also be useful for others, the 
complications around dissemination, installation and 
configuration will simply prevent its wider use, even if the 
software is freely available under the Open Source model. 

A Virtual Appliance. As being demonstrated in 
Truong & Groeneveld (2011), the approach using virtual 
appliances (VAs) is suitable for deploying complex open-
source database applications like MolabIS (Truong et al. 
(2011)). This approach can create a fully configured custom 
environment with ready-to-use applications. The complex 
installation and configuration of the operating system (e.g. 
Linux), web server (e.g. Apache), database server (e.g. 
Postgres), software components (e.g. Perl modules) are 
resolved by software developers. VAs are distributed to the 
users as files designed to run a virtualization platform. 
Hence, the software installation becomes very easy: It is a 
simple as downloading the VA and opening it in a virtual 
machine software like VirtualBox  (www.virtualbox.org) or 
VMware Player (www.vmware.com), which can easily be 
installed by a non-IT person. As a result, a VA can be run on 
different host operating systems. This is also the design of 
the QS@breeding VA in this paper. 

 
The QS@breeding Virtual Appliance 

 
The objective It was the objective of this project 

to develop software around the management of population 
and genetic evaluation and make it available for the animal 
breeding community. This is achieved by developing a fully 
functional and configured virtual machine which needs to 
be started or booted on a host computer through a 
hypervisor like VirtualBox. The user interface runs in the 
web browser with data exchange being done through the 
web browser as well. 

 
QS@breeding subsystems Four subsystems are 

available in the VA: the GEpipe, OptBS, 
webLOAD/LOAD, and PopRep.  

 
Subsystem GEpipe: Based on the input to multi trait 

genetic evaluation and its output - currently for PEST and 
PEST2 – quality control statistics, definition of aggregate 
genotypes and publication of results on the web without any 
manual human intervention is supported. The input is a 
compressed (zipped) archive of the PEST parameter, the 
data and pedigree input files and finally the output file of 
the PEST run which, thus, needs to be done before creating 



this archive and being able to upload it to the VA. Any such 
genetic evaluation can be evaluated by the GEpipe.(genetic 
evaluation pipeline). For additional features a few new 
commands can be inserted into the PEST parameter file, 
which will be ignored by the production PEST run. Further, 
for additional functionality an additional 'groups.csv' file 
will be used for analysis if provided by the user in the 
archive. 

AGen: AGen calculates total breeding values or 
aggregate genotypes. Accordingly, it requires the PEST 
parameter file, data and pedigree and the output file. The 
economic weights are obtained from the PEST parameter 
file, where the user specifies for each trait in the model the 
weights either as currency per unit of the trait or as a 
percentage weight per genetic standard deviation. 
Additionally, a new average of the scaled aggregate 
genotype can be specified and the desired standard 
deviation be given (e.g. mean: 100 and 20 as the standard 
deviation). Furthermore, the BLUPs may be scaled to the 
average of the BLUPs of a set on individuals as identified 
by the user in the optional file “groups.csv”. The PDF 
output presented by AGen is for checking purposes. Its 
actual result, the aggregate genotype or total merit index is 
passed on the ZwISSS subsystem for further exploratory 
analysis and web presentation. 

AroundBLUP: AroundBLUP is an application in 
the GEpipe. Accordingly, it requires the PEST parameter 
file, data and pedigree and the output file. Currently, it can 
process PEST and the not yet released PEST2 runs. This 
application creates five blocks of information to help with 
the quality control of the current BLUP run. These blocks 
are: 1. Pedigree analysis, 2. Model and genetic parameters, 
3. Characterization of BLUEs for class effects, 4. 
Characterization of BLUEs for continuous variables, 5. 
Analysis of snapshots. 
Pedigree checks are carried out depending on the 
information given in the pedigree file. The amount of 
checking done will depend on the information provided in 
the pedigree file. On the basis of the BLUP requirements, 
i.e. the animal, its sire and dam, only loops can be checked, 
with birthdate the logical sequences are tested as well. 

While the above four columns (animal, sire, dam, 
birthdate) are part of the PEST specifications a few more 
can be specified in the pedigree file as additional columns 
which are used at later stages of the GEpipe. These are sex, 
breed, active, and breeder. 

In genetic evaluations, BLUEs are generally 
considered noise, and are often not given attention while the 
focus is on the animal BLUPs. BLUEs as such do not have 
a value that can be considered “correct”. However, an 
animal breeder will usually be able to assess if for instance 
a difference between sexes makes sense for a certain trait. 
Likewise, it will be clear that a difference among herds in 
daily gain of 1200g is unreasonable (in pigs). If this occurs, 
their might be something wrong with the model and/or the 
contemporary group definition which, in turn, will impact 
on the BLUPs. In a histogram the smallest and largest 
BLUE is given in terms of the original standard deviation, 
going from green to red as the gap widens. For continuous 
variables the distribution is plotted together with the 
computed linear regression. With this PDF report the user 

can see at a glance if there is possibly something wrong 
with the BLUP run. 

EvolveBLUP: The stability of BLUPs of 
individual animals is of great importance - as more data 
accumulate - and its lack give often rise to discussions 
between breeders and the BLUP computing people. 
EvolveBLUP helps monitor these changes on the basis of 
repeated BLUP runs as they accumulate when doing, for 
instance, weekly runs. Then the differences of animals 
between those two runs are analyzed and presented looking 
at each trait in the analysis separately and including the 
aggregate genotype. In this way, drastic changes can be 
identified which might be due to a data error and will most 
certainly become an issue between breeders and the BLUP 
people. To be able to check for changes from one run to the 
next, the 5 largest and smallest BLUPs for each trait and the 
aggregate genotype are listed. Furthermore, the changes in 
sources of information between the current and previous 
run are given such as own performance, and number of full 
and half sibs together with their phenotypic measurements. 
Most likely everything is ok, if the differences in mean and 
standard deviation form two consecutive runs are close to 
zero and the added number of records can be accounted for. 
EvolveBLUP stores genetic evaluation up to a maximum 
given by the user in a Postgresql database thereby allowing 
to produces time series which can be graphically displayed 
in the ZwISSS subsystem. 

This setup can also be used to investigate the effect 
of convergence using iterative solvers: snapshot of the 
solutions can be taken at 100, 200, 500, 1000 iterations and 
their differences be analyzed and in ZwISSS be visually 
presented. 

ZwISSS: ZwISSS is a web based tool in 
QS@breeding for analysis and reporting. It combines the 
individual animal view on BLUP of the animal breeding 
with the population centered view of the genetic evaluation 
person. Being an interactive tool, it helps analyze extremes 
in data, BLUEs and BLUPs among animals as well as 
between consecutive BLUP runs. To achieve this, results 
from the Agen, AroundBLUP and EvolveBLUP are 
parameterized and made visually accessible. This set 
comprises the BLUP run input data (phenotypes and 
pedigree) along with the result in terms of BLUE and 
BLUPs and their history over time. 

Additional functionality of ZwISSS supports the  
work of breeders by providing tailored mating plans,    
reports on genetic trends, selection lists and pedigrees. 

ZwISSS creates automatically an interactive web 
site independent from the amount of data, for any species 
and statistical model. This includes an access management 
system which allows to restrict access through 
user/password protection to subsets of animals. This 
enables organizations to publish new breeding values for 
their breeders in real time, right after the genetic evaluation 
has been run and verified. Previous versions of ZwISSS 
have already been used successfully for a number of years 
in pig breeding programs. 

Subsystem OptBS: On the basis of formally designed 
breeding program the expected genetic gain in a population 
can be computed. Usually, optimized breeding plans 
constitute the desired but not the actual situation. This 



subsystem in the QS@breeding appliance generates a 
number of parameters from data (such as generation 
interval from pedigrees in PopRep) which are used as 
inputs in breeding plans and document the deviation from 
the optimum. Alternatively, a 6 path selection model can be 
generated by OptBS. The genetic parameters are taken from 
the inputs to the BLUP run, while other population specific 
parameters like the generation interval are taken from the 
pedigree file. Economic parameters can be specified. The 
economic gain is then computed based on these inputs 
using the z10 software (Willam et. al., 2008) on the basis of 
actual data from the BLUP run. Additionally, individual 
population parameters get varied to assess their influence 
on the monetary gain. OptBS can assess the economic gain 
given the actual conditions in the program and what the 
influence of parameter changes on the gain would be. 

Subsystem webLOAD/LOAD: In animal breeding 
data recording plays a central role. Different recording 
locations at different times can be considered the rule often 
storing data in different file formats. If data are to be 
connected, i.e. evaluated jointly, this heterogeneity is often 
problematic because it tends to result in data 
inconsistencies. Heterogeneous data sources can be 
consolidated with webLOAD even if more than one animal 
ID is used. ID duplications and recoding can be handled. 
Inconsistent codes are detected and can be automatically 
recoded to one target code. Differing information for the 
same item can be prioritized, such as birth date from two 
sources. After analysis and editing webLOAD/LOAD 
software package will create a logically consistent dataset 
or database from such heterogeneous sources. WebLOAD is 
a web application which - through its graphical user 
interface - allows the definition of the data structure and the 
creation of consistent code tables. More complex tasks like 
the redefinition of animal ID systems, the handling of 
prioritized information is handled by the LOAD module 
which can be executed via the command line and the web 
interface. Typical areas of use include the merging of 
complex data sets like herdbooks, editing of experimental 
data or the merging of data from divers sources for routine 
genetic evaluation. (Groeneveld and Müller (2014)) 

Subsystem PopRep: Here, the PopRep pedigree 
checking and analysis capabilities are used, while at the 
same time giving the possibility of generating a full fledged 
set of the three PopRep reports. The subsystem PopRep is 
also available as a separate software package. (Groeneveld 
et al. (2009, 2010)). 

 
QS@breeding scope.  

The datasets used in genetic evaluation vary 
widely in regard to model complexity and dataset size. At 
this stage only runs by PEST and PEST2 are supported. The 
parsers which analyze the parameter file and the outputs are 
written such, that other genetic evaluation system can be 
included as long as they provide input, output data and 
parameterization so that a parser can be modified. 

With increasing problem sizes in terms of 
animals and traits in the genetic evaluation, also the 
memory and processing requirements will go up. Therefore, 
sufficient memory needs to be allocated to the virtual 
machine, which will be no problem with current 64 bit 
hardware. The largest problem processed thus far was a 
multi million dairy genetic evaluation. 

The QS appliance is mainly targeted at people 
doing BLUP genetic evaluations and being responsible for 
population development. Here, the GEpipe will help 
investigate the statistical model/data structure and give the 
the possibility through ZwISSS to investigate in an 
interactive setting the interdependencies of data records and 
BLUE/BLUPs. This will help find answers to questions 
from breeders regarding their proofs. As ZwISSS is a 
complete website for reporting results from genetic 
evaluation, the appliance can also be used to fully 
automatically generate a web site for breeders to view the 
breeding values from the last genetic evaluation and to set 
up mating plans. 

The webLOAD/LOAD suite can be used by 
anyone who has to clean up a collection of data files from 
possibly different sources. This may range from data 
recorded in experiments over a merging of multiple 
recording system for a joint genetic evaluation to an 
integration of multiple herdbooks / recording systems into a 
new database. 

Availability 
The QS@breeding appliance is available under the 

GPL from  ftp.tzv.fal.de and www.qs-at-breeding.net/ 
QS@breeding can be used as a web service at 
http://qs.tzv.fal.de and PopRep at http://poprep.tzv.fal.de. 
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