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PROJECT No. P.PSH.0478 

DEVELOPMENT OF A FULLY AUTOMATED PROCEDURE OF 
ANALYSING DNA TEST RESULTS 

Milestones, Objectives and Outcomes 

1. Initial gene probability analysis 

Two versions of the GeneProb software were delivered by Prof Brian Kinghorn, UNE 
and have been successfully installed and tested at ABRI on both the ILR1 and ILR2 
society database platforms that are deployed by ABRI with its breed association 
clients. 

One version of GeneProb is aimed at lethal recessive markers (like AM - 
Arthrogryposis Multiplex) where the probability estimates allow for the expectation 
that live animals cannot be homozygous for the lethal recessive.  The other (standard) 
version assumes that all forms of the gene are viable in the population (eg GeneStar 
Tenderness markers). 

2. Integrate GeneProb software with ABRIs production software. 

Custom software was written to run either version of the GeneProb software and get 
probabilities into data formats that suited the Society integrated pedigree and 
performance systems in ILR1 and ILR2. 

The software was written so that multiple DNA markers could be analysed, stored and 
reported independently of each other. This flexibility allows Society technical staff to 
work on one gene at a time – particularly where tests are being done at different DNA 
laboratories. 

3. Software to allow updating of AM DNA tests from multiple labs to Angus 
database, extract of both Angus and Brahman pedigrees and provide to 
Geneprob, software to pick up probabilities file from Geneprob and update to 
Angus and Brahman databases, populate Internet Solutions with results. 

DNA test results for multiple genes and from multiple labs can be stored on any 
animal recorded in the Society database.  There is no effective limit to the number of 
DNA results that can be stored for any particular animal and new markers can be 
added as these become available.  Where available, as well as storing the DNA 
marker and its result, information on the test date, laboratory and unique laboratory 
reference for the DNA sample are also stored.  This allows better liaison between the 
DNA laboratory and the Society where anomalies are encountered. 

Software has been written for both ILR1 and ILR2 database systems to extract full 
database pedigrees and gene test results for the nominated gene, run the appropriate 
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version of the GeneProb software (lethal recessive or standard), run diagnostic reports 
(see milestone 4) and load the results into the Preliminary Results table. 

Once the Preliminary results have been checked, then the results are quickly released 
to the Production database and subsequently updated to the web based enquiry system 
for the Society if the Society has requested this. The following example is from the 
Angus Society of Australia website (www.angusaustralia.com.au). 

When you click on [View] next to “Gene Tests / Probs” the codes derived from the 
GeneProb results for the animal are displayed as shown in the example below. 

The GeneProb calculations are run as necessary – usually once per week, but more 
often if results are available and sales catalogues are required. 

4. Software to use Geneprob in a what if scenario plus diagnostic reports to help 
identify suspect test results and/or pedigrees. 
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The GeneProb results are loaded into a Preliminary Results table which allows them 
to be reviewed and reported on.  These preliminary results can be updated into the 
Production database or discarded. This approach allows for multiple GeneProb 
analyses without affecting the results in the Production Society system.  

Preliminary and Production results are both available for reporting from.  Diagnostic 
reports have been developed to compare preliminary results against the Production 
version as a way of assessing the impact of recent results on the probabilities 
calculated for the un-tested population. 

Diagnostic reports developed are: 
Compare new DNA test results against previously calculated GeneProb 
probabilities and report where there are significant differences between these 
List inconsistencies in the GeneProb analysis between tested animals and their 
probability estimates 
List animals that have at least 27% increase in their carrier status from 
production (previous) results to Preliminary (new) analysis 
Overall summary of status differences for Production results compared to 
Preliminary results 
For calves born in the last three years, list untested sires and maternal grand 
sires (MGS) if sire/MGS are from high AM status parents themselves 
List Sires and MGS of current calves if the Sires/MGS have a low gene 
probability index (GPI) – that is, effectively low accuracy estimate of their 
GeneProb probability estimate 
List untested animals with high probability (>52%) of being a carrier of the 
recessive gene 
Estimate source animal(s) in database for original carrier of recessive gene (ie 
oldest animal in pedigree that is a tested carrier) 
List five generation pedigree showing nominated gene GeneProb and DNA 
test results for each animal in the pedigree 
List nominated animal, its parents and progeny along with the nominated gene 
GeneProb results and DNA tests.  Progeny selection can optionally be 
trimmed to only include progeny above a nominated probability of being a 
carrier.  

In ILR2, some of these diagnostics are also available as screen displays.  

Trends of the influence of the gene in the population over years are also available for 
calves, their sires and current dams and heifers. 

Comma delimited, ASCII files of all DNA tested animals for the nominated gene are 
created at each GeneProb analysis.  This is specifically aimed at sharing of 
information of deleterious genetic conditions with other societies. 

Each active herd in the Society also has a comma delimited ASCII file created for all 
its animals.  The information includes DNA test results and GeneProb probabilities on 
the animal and its parents. These data files are made available on the web after each 
GeneProb run for download by the herd (password protected area accessible only by 
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the nominated herd).  Restricted printed reports are also available for herds that do not 
have PC and web access. 

5. Undertake test run to see that system is working correctly. 

Multiple test GeneProb analyses have been run to ensure the system is robust and to 
look at the impact of: 

The different GeneProb versions (standard and lethal recesive) 
Different genes and gene frequency in the tested population 
Different breeds and societies 
Different database systems (ILR1 and ILR2) 

GeneProb is currently running in production mode on three Society databases across 
both ILR1 and ILR2 platforms.   

Following is an example of the web based information on the AM gene available on 
the Angus Australia website.  (http://www.angusaustralia.com.au/DNATests.htm)
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GeneProb is also running on Brahman, but the results are not being included on the 
web as it is unclear whether individual tenderness markers will be made available to 
the Society on an ongoing basis.  Discussions with Pfizer are still to determine 
whether they are prepared to give individual marker results as well as MVPs for 
animals tested for tenderness. 

6. Enhance GeneProb with module to help identify candidate animals for DNA 
testing and conducting trial runs. Create user friendly output and explanations 
of the results. 

In most cases, a herd is interested in identifying the potential impact of the gene on 
current calves.  These are considered the “Target” animals and have been defined in 
these discussions to calves born in the herd in the last 3 years. 

The enhanced module to GeneProb that looks at the relative influence animals have 
on the overall current population of animals has been implemented. The module looks 
at pedigree relationships within the herd (average NRM element across the Target 
animals) and combines this relationship value with the GeneProb output. 

Candidates for DNA testing are the Target animals themselves, their parents and 
grand-parents.  Including ancestors of Target animals beyond grand parents runs the 
high risk of nominating animals that cannot have DNA collected.  Most herds have 
inter-related pedigrees and multiple generations present at any one time. That is, an 
animal can be a parent and a grand-parent in the same calving year.  In such cases, the 
effective depth of pedigree for DNA candidates is great-grand-parent. 



6

Relating the output to individual herd requirements is complex and needs to address 
the type of gene and where the herd is in relation to its testing program. Obviously 
this is dynamic as more animals are tested within the population (both in the herd 
under consideration and in the breed as a whole) and how these DNA results impact 
through the pedigree relationships.  

For herds that have little or no information on a gene, testing the sires of the Target 
animals will give best value for DNA testing dollars as a scoping exercise.  This 
accounts for 50% of the potential gene expression in the Target animals.  A further 
25% of the potential gene expression can be identified by testing maternal grand sires 
of the Target animals.  However, grand sires can be a larger sample of sires if dams 
have been sourced from a range of blood lines – usually through the use of a broad 
range of AI sires.   

Following is a sample (reduced) report of the sires used in a typical herd that has 
recorded 195 calves in the last three years from 115 dams.  There are 28 sires that 
only have progeny and another 12 that have both progeny and are also the sire of at 
least one dam (ie maternal grand sire).  Hence for this high AI use herd, there were 40 
sires to test (although many would have already been tested as part of the initial 
program to define the impact of the gene in the Australian Angus population.  To also 
test the maternal grand sires, there are another 55 sires.   
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The example report shows two animals that should be considered for DNA testing. 
NZEG3885 has two daughters (VPLX6 and VPLX5), 7 grand progeny and 2 
great grand progeny that are DNA candidates.  If DNA can not be obtained 
from NZEG3885, then VPLX6 would be the next best alternative in this 
pedigree line.  Note that there are tested free animals in this pedigree tree, but 
no tested carriers.  Tested free animals are not definitive tests for their parents 
whereas tested carriers do help describe a parent.   
VPLA3 is the progeny of a tested carrier. It has 5 progeny and 1 grand 
progeny that are DNA candidate animals. If VPLA3 is tested free, then all 
these animals and get high GPIs (particularly as will be considered free by 
descent most of the progeny are by tested free sires).  If VPLA3 tests as a 
carrier, then each of the progeny will need to be tested. 

These examples from a reasonably typical Angus herd demonstrate the potential for 
using these diagnostics to help breeders maximise the results from their DNA testing 
investments.  With the additional benefit of GeneProb recalculating gene probabilities 
across the entire database as new DNA test results are added to the database, financial 
benefits to the breeders as a whole can potentially be value added beyond just the herd 
that submitted the test – the value of the whole is greater than the sum of the parts. 

7. Release of project results at Beef Australia, 2009. 

Results of the AM testing or Angus have been released on the Web as seen in the 
example in Milestone 3. 

In April, 2009 ABRI released 5,000 copies of BREEDPLAN News to industry.  This 
included the following 1 ½ page report on the project acknowledging MLA’s 
participation. 
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ABRI and Angus Australia manned 5 booths in total at Beef 2009 – ABRI providing 
4 BREEDPLAN Staff and Angus Australia 4 of its representatives with technical 
skills.  This team handled many enquiries from breeders about the project. 

One of the ABRI booths at Beef 2009 

Conclusion 

The GeneProb system has been integrated into both ILR1 and ILR2 platforms and is 
running in production mode on a routine basis for three Societies.  Two recessive 
genes and four production genes have been run to date. Further recessive and 
production genes are envisaged to be run in the next few months.  Where applicable, 
results are available on the Web and individual herd files are available for download 
for each current herd. 
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