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While the results of this research include the observation of consistent genetic differences 

between different Hereford cattle populations, the purpose of the work was not to assess 

breed categorization and the wording in this report should not be interpreted as such. 
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EXECUTIVE SUMMARY 
 
Meat from traditional UK breeds of cattle and pig attract premium prices in the marketplace. Labelling 
of meat products by traditional breed of origin is used within retail industry to convey quality and 
authenticity but it also provides an opportunity for fraudulent traders to gain financial advantage by 
deliberate mislabeling. Pig and cattle breed societies have expressed concern that mislabeled pork 
and beef products sold in the United Kingdom, are undermining the business of genuine, traditional 
breed producers and preventing the consumer from making informed choices. There is, therefore, a 
need for an efficient and reliable method of identifying traditional breed of origin for beef and pork 
meat products, to verify breed labelling claims.  
 
Single Nucleotide Polymorphisms (SNPs) are molecular genetic markers that can be used to identify 
animals, their parts and derivatives. Previous research (FSA project Q01130 and DEFRA FA0112) 
delivered a single assay based on 192 SNP DNA markers that is capable of distinguishing twelve breeds 
of pig and identifying four breeds of cattle (Wilkinson et al. 2011, 2012). The identification system 
relies on the assignment of a sample’s DNA profile to its genetic breed origin, using reference data 
representing all likely breeds. However, small-scale implementation of the test is compromised by the 
cost and shelf life of the laboratory reagents. For applied purposes, a series of less complex, breed-
specific assays, that aim to exclude all non-target breeds would be: more economical; provide 
sufficiently robust and powerful results to authenticate cattle and pig products sold by breed in the 
UK; and be accessible to public analyst laboratories. 
 
The aim of this research was to identify breed-informative SNP-panels and develop standalone assays 
to enable products carrying traditional breed labels to be authenticated. The application would be one 
of breed exclusion, in which any non-target breed would be excluded, but not identified.  
 
Panels of breed informative SNP-markers were identified for seven pig breeds and five cattle breeds 
in the reference dataset. Population genetic software was used to assign reference individuals back 
to the breed of origin and assess the power of each breed panel. DNA assays were optimised for four 
of the breed panels designed: (1) Berkshire pig, (2) Large Black pig, (3) Traditional Hereford cattle, (4) 
Welsh Black cattle; and used to expand reference datasets for Traditional Hereford and Welsh Black. 
The resulting SOP was validated to assess the genotyping performance of each assay, its sensitivity 
and the power of each panel to assign test samples back to the correct breed of origin.  

When all panel genotype data were included in the analysis, Berkshire, Large Black and Welsh Black 
individuals could be reliably assigned back to their true breed of origin using 10, 10 and 14 SNPs, 
respectively. A higher rate of misassignment was observed using an 8-SNP panel among Traditional 
Hereford cattle. Most misassigned individuals were Commercial Hereford samples which is 
understandable given the history of this breed. Expansion of the reference datasets after the panel 
was designed would likely account for this and may warrant a panel re-design to include SNPs that are 
more informative across the expanded reference dataset. Optimisation and transfer of the KASP 
assays between laboratories was not without issue and genotyping ambiguities were observed among 
control samples. However, performance of the assays was consistent when the SOPs were 
implemented in a public analyst laboratory.  
 
The results from this study demonstrate that identifying small panels of markers capable of assigning 
individuals to a specific traditional breed of origin is possible. Optimisation problems prevented all 
KASP SNPs from being used to their full potential and whilst it is possible that the manufacturer of this 
chemistry could provide re-designs for the failed assays, a more realistic approach might be to scope 
out interest among commercial service providers of customised bovine and porcine SNP-chips. If 
breed identification tests could be included among the services currently offered, a more centralised 
system of testing may be established.  
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INTRODUCTION 
 
This report details the work completed during Defra project FA0125 that aimed to develop DNA 
methods for the breed verification of traditional cattle and pig breeds in the UK; and produce assays 
that are efficient, reproducible and cost-effective, and are well-suited for use by non-specialist 
laboratories. The document covers details of: (1) the principle and methods used to design breed 
assignment assays for four cattle breeds and seven pig breeds; (2) the final Standard Operating 
Procedures (SOP) produced (3) the results of internal and external validation for both SOPs; and (4) 
recommendations for further work. 
 

 
PROJECT BACKGROUND 
 
The labeling and sale of meat by traditional breed of origin is widely used within the retail industry in 
the United Kingdom to promote the quality and authenticity of meats and attract a premium price in 
the marketplace. This situation provides an opportunity for fraudulent traders to gain financial 
advantage by deliberately mislabeling meat as originating from a traditional breed. Pig and cattle 
breed societies have expressed concern that mislabeled pork and beef products are being sold in the 
United Kingdom, undermining the business of traditional breed producers and defrauding the 
consumer. To address this issue the Food Standards Agency commissioned research project Q01130 
designed to conduct research and development for a DNA breed identification tool for the 
authentication of traditional breed meat products in the UK. The main project, transferred to Defra, 
together with a small extension project (FA0112), was successfully completed, delivering a single assay 
based on 192 SNP (Single Nucleotide Polymorphism) DNA markers that is capable of distinguishing 
twelve breeds of pig and identifying four breeds of cattle. The identification system relies on the 
assignment of a sample’s DNA profile to its genetic breed origin using reference data representing all 
likely breeds (Wilkinson et al. 2011; Wilkinson et al. 2012).  
 
The pig/cattle breed test has now been successfully employed by several county councils to 
investigate fraudulent beef sales, demonstrating the existence of mislabeled food in the UK 
marketplace. Food fraud has been identified in relation to sales of Welsh Black and Aberdeen Angus 
beef during 2011 and 2012. In both cases the authenticity work was performed by the same team that 
developed the assay: Minton, Treharne (MTD) and Davies Limited (public analyst), TRACE and the 
University of Edinburgh (Roslin Institute). While these applications are considered a great success and 
justification of Defra funding, they also highlight the lack of transferability of the 192-SNP assay. At 
the present time, due to the complexity of the laboratory assay and data interpretation, the test can 
only really be undertaken by this trio of organizations, of which only MTD is recognized as a QA 
certified service laboratory for food authenticity. Interest in using the test has been expressed by other 
public analysts (e.g. Somerset county council) however in its present form, the transfer to other 
laboratories is considered impractical. Furthermore, the current 192-SNP format requires the assay to 
be purchased from the manufacturer in bulk (480 tests) with a product shelf-life of around six months. 
While the reagent cost is affordable, this restriction effectively means that reagents are often wasted 
and the cost per test effectively increases considerably. Lastly, and critically, the current provider of 
the 192-SNP assay, Illumina Inc., has announced that it is discontinuing the BeadExpress laboratory 
platform currently used to run the assay, as of 2015.  
 
For the reasons outlined above there was a clear and urgent need to transfer the breed 192-SNP 
authentication test into a simpler more sustainable format. For applied purposes, the alternative to a 
single assay for all breeds in two species is a series of less complex breed-specific assays that aim to 
exclude all non-target breeds. Such tests would be cheaper to apply for smaller sample numbers, have 
a longer shelf life, be more readily employed by public analysts and still provide sufficiently robust, 
powerful results to authenticate cattle and pig products sold by breed in the UK. The need for the 
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development of such tests was recognized by the FAnGR committee at a meeting in June 2012. By 
extending the research undertaken on projects Q01130 and FA0112, the aim of the current research 
is to transfer recent Defra-funded R&D of DNA tools for the identification of meet from specific cattle 
and pig breeds, into a set of validated, cost-effective assays capable of uptake and implementation 
across the UK Public Analysts and other laboratory testing organizations. 

The target breeds were as follows:  
 
Pig: Berkshire (BK), Gloucester Old Spot (GOS), Hampshire (HAM), Large Black (LB), Middle White 
(MW) and Oxford Sandy and Black (OSB).  
 
Cattle: Aberdeen Angus (AA), Traditional Hereford (THF) Commercial Hereford (CHF), Welsh Black 
(WB) and Red Poll (RDP).  
 
In addition to this overall aim, the British Pig Association has requested the British Lop (BL) breed be 
included in the project to allow verification of British Lop pork products.  
 

 
OBJECTIVES AS SET OUT IN THE CONTRACT 

 
1. Sample Collection 

Objective. To obtain additional reference samples of animals from target cattle and pig 
breeds. 
 

2. Genetic Data Production  
Objective. To assemble a complete set of SNP genotype data from which to design individual 
breed diagnostic tests. 

 
3. Bioinformatic analysis 

Objective. To conduct bioinformatic analysis of the cattle and pig population genetic 
datasets to identify the individual SNP markers that are associated with breed 
differentiation.  
 

4. Assay Design 
Objective. To establish suitable analytical methods for assigning a test sample to its breed of 
origin.   

 
5. Internal Validation    

Objective. To design and implement a validation protocol for the initial assessment of methods 
and SOPs.   

 
6. External Validation 

Objective.  To design and implement a rigorous validation of the different assays and 
associated SOPs under a range of analytical conditions to determine their suitability for 
applied use. 

 
Additional Work (based on success of main project, NOT in budget) 

7. Training     
Objective. To identify and train relevant end-users (Public Analysts) in the application of the 
tools developed and validated under the project.   
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EXTENT TO WHICH THE OBJECTIVES HAVE BEEN MET 

 
(1) Sample collection 
 
Pig 
Sample DNA, archived during projects Q01130 and FA0112, was retrieved from the Roslin institute for 
Berkshire, British Lop, Gloucestershire Old Spot, Hampshire, Large Black and Middle White. To expand 
the reference datasets further, hair samples for Berkshire, Gloucestershire Old Spot, Large Black, 
Middle White and Oxford Sandy and Black were obtained from Marcus Bates (British Pig Association) 
for subsequent DNA extraction. 
 
Cattle 
Aberdeen Angus was excluded from assay development despite being initially included as target 
breed, as it was the focus of commercial interest for the companies IdentiGEN (Dublin, Ireland) and 
Weatherbys Ltd (Ireland). Meetings were held between Weatherbys and TRACE/RZSS (Royal 
Zoological Society of Scotland) to discuss potential collaboration and Aberdeen Angus sample/data 
exchange. However, contractual restrictions on Weatherbys prevented subsequent collaboration.  
 
Blood and tissue samples from all lines of Traditional Hereford within the UK were collected by Peter 
Talbot (Traditional Hereford Breed Society) and sent to RZSS for expansion of the reference dataset 
for this breed. Archived sample DNA for Welsh Black and Red Poll was obtained from the Roslin 
institute. Details of samples used to expand the reference datasets are given in Appendix I.   
 
 
(2) Genetic data production 
 
Reference samples 
Genotype data for all breeds of pig (excluding British Lop) and cattle were available from project 
Q01130. Data from the 96-SNPs previously employed for breed identification, were used to form 
reference breed datasets. 56K SNP-chip data were obtained for British Lop from Hendrik-Jan Megens 
(Wageningen UR, Netherlands).  
 
All genotype data were harmonised and assembled for each breed with 100 representative individuals 
from each cow breed (except Traditional Hereford where n = 20) and 10-73 individuals from each pig 
breed.  
 
Reference datasets for Welsh Black and Traditional Hereford were later expanded by the addition of 
newly generated genotype data that was generated using the breed-specific panel designed (see 
section 4).   
 
Validation samples - Pig 
Nine individuals with known genotypes, and for which sample DNA was available, were selected for 
use as genotype positive controls. These were required to ensure that the sample genotypes 
generated during this study were in concordance with the reference breed data. Five individuals of 
each target breed were selected as breed controls during internal validation. Details of all validation 
samples are given in Appendix II. 
 
Validation samples - Cow 
Seven individuals with known genotypes, and for which ample DNA was available, were selected for 
use as genotype positive controls. As before, these were used to ensure concordance between the 
data produced and the reference breed dataset. Between 10 and 20 individuals of each target breed 



 Defra Breed Verification Project (FA0125) 
 

 6 
 

were selected as breed controls for internal validation. Details of the validation samples used are given 
in Appendix II. 
 
 
(3) Bioinformatic analysis for marker panel selection 
 
The same procedure was used to identify informative markers for both pig and cattle breeds with 
specific details given at the bottom of this section. The overall aim was to identify the minimum 
number of SNP-markers that could be used to identify a specific breed of pig or cattle. For ease-of-use 
and to be of economic value, a target panel-size of 10 SNPs was set for each breed comparison.  
 
To identify which SNP markers have the most power to discriminate between pairwise breed 
comparisons, it was necessary to examine the dataset for each breed at the level of the individual SNP, 
using reference breed datasets. Each breed was treated as an independent ‘population’. This means 
that individuals within the same breed are expected to be genetically more similar to each other, than 
they are to individuals from another (even closely related) breed. Reference sample data were 
manipulated and standard population genetic analyses performed using PLINK (www. 
http://pngu.mgh.harvard.edu/~purcell/plink/), R (http://www.r-project.org/) and Genepop software 
(www. http://genepop.curtin.edu.au/). The analytical approach employed ranking individual SNP 
markers by a standard measure of genetic differentiation (Fst), for each pairwise breed comparison. 
High Fst values (those closer to 1) signify a greater genetic difference between the two breeds 
compared, and therefore the SNP was considered more informative. The 96-SNPs were subsequently 
ranked by their ‘power’ to distinguish between two breeds, with informative SNPs ranked more highly 
than those that were less informative (i.e. with a lower Fst). SNPs were ranked from 1-96 (1 being the 
highest rank) for each pairwise breed comparison, independently.  
 
As there were multiple comparisons for each breed, the top-10 ranked markers were selected for each 
pairwise comparison made, and analysed to evaluate the occurrence of each SNP in more than one 
comparison. From this, a list of ‘super-SNPs’ that were informative across multiple comparisons was 
compiled for each of the individual target breeds. The refined list of SNPs was then ranked again to 
produce an overall top-SNP set for each breed. 
 
Breed assignment was initially evaluated for each breed using a 10-(top-ranking) SNP panel, by 
examining the distribution of likelihood ratios among pairs of breeds in the reference dataset, 
following the analytical method described in Ciampolini et al. (1999). Under this approach, the 
likelihood associated with the assignment of a sample to each different breed present in the reference 
dataset is calculated. The ratio of the likelihood value for the true breed against the likelihood of the 
alternate, non-target breed is computed. This process is repeated for all reference samples in the 
dataset, allowing the distribution of likelihood ratios to be assessed and the power of pairwise 
assignment to be calculated. Likelihoods were calculated using the software programme GENECLASS2 
(Piry et al. 2004), following the parameters described in the SOP (e.g. Appendix IIIa). In any pairwise 
comparison, the power to differentiate breeds is related to the degree of separation between the 
likelihood ratio distributions for the two breeds. If the distribution of either breed encompasses a 
likelihood ratio of less than zero, then there is the possibility that unknown samples will be 
misassigned (Figure 1a). To evaluate the risk of misassignment, a probability of exclusion was 
calculated. For breeds that were not easily discriminated using 10 SNPs, the panel size was increased 
and re-evaluated. By increasing the number of SNP markers in the assignment panel, the assignment 
power increases as the distributions in Figure 1b move apart.  
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Figure 1:  Likelihood distributions expected using a smaller (a) and larger (b) number of SNP 

markers. Increasing the number markers decreases the chance of misassignment as the 
curves draw further apart and the region of error decreases. 

 
 
Pig 
All pairwise comparisons tested for the target pig breeds demonstrated that a high level of assignment 
power could be achieved using a small number of markers. For each breed, except Middle White, the 
10-SNP breed-specific panel designed was successful in correctly assigning all of its breed in the 
reference dataset. This high level of power is due to the careful selection of SNP markers that are 
‘fixed’ for a specific breed. If a SNP is ‘fixed’ in a breed, it means that there is only one genotype found 
throughout the entire breed and it can act as a marker, particularly when the genotype is rarely found 
among alternative breeds. All of the breed panels designed contained at least one SNP which was 
either fixed or had one allele at a high enough frequency so as to unambiguously assign an individual 
with the same genotype, when used in combination with other markers.    
 
The 10-SNP panel initially designed for Middle White misassigned one individual to the Large White 
breed. In an attempt to achieve 100 % assignment success, two more SNPs were added to the panel 
(using the next highest ranking SNPs, as above) and achieved a 100 % correct assignment of the 
reference breed using 12 SNPs. 
 
Cattle 
The number of SNPs required to correctly assign a reference database individual to its correct breed 
of origin differed between breed. A 10-SNP panel was initially tested and the number of high ranking 
SNPs included in the panel was increased until all individuals were assigned to its correct breed. The 
misassignment rates for all panels tested are provided in Table 1. 
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Table 1:  Percentage misassignment of n reference individuals, using SNP panels of different sizes 
for the assignment of Traditional cow breeds. The level of misassignment is given as the 
percentage of samples from a particular breed that were incorrectly assigned to another 
breed using the SNP-panel size indicated.  

 

 
 
 
Power analysis demonstrated that a panel of eight SNPs was as effective at assigning Traditional 
Hereford individuals in the original reference dataset to the correct breed. Only a single individual was 
consistently misassigned to a Non-Traditional Hereford group. On closer inspection, the genotypes of 
this individual were opposite to those expected for the Traditional Hereford breed. For example, if the 
Traditional Hereford reference dataset was fixed for Allele 1, this individual would genotype as a 
homozygote of Allele 2. This was true for all loci and assignment to the Traditional Hereford breed did 
not improve when the full 96-SNPs were used. Removal of this individual resulted in all individuals 
being correctly assigned to the Traditional Hereford breed with as few as eight SNP markers. 
 
A minimum of 14 SNP markers were required to correctly assign all Welsh black reference individuals 
to their true breed whilst commercial Hereford and Red Poll required more than 20 SNPs for 100 % 
correct assignment of reference individuals. The majority of commercial Herefords that were 
misassigned were assigned to the Traditional Hereford breed, which is not surprising given the origin 
of the breed. No such trend was seen among misassigned Welsh black and Red poll individuals; the 
breeds that these individuals were misassigned to appeared to be random and was not consistent for 
individual samples across the different panel sizes tested. 
 
 
(4) Assay design 
 
The assays were designed using KASP™ genotyping chemistry (LGC) as a more economic option than 
the alternative (but commonly employed) Taqman®. PCR reactions can easily be performed without 
the need for specialist equipment and reactions can be carried out on a standard or real-time PCR 
machine. KASP primers were ordered for 47 pig and 57 cattle SNPs. The eventual reaction set up is 
detailed in section 7.3 of the SOP.  
 
KASP optimisation and performance 
KASP assays were optimised in the laboratory by using a sub-set of reference samples for which some 
genotype information and DNA was available. Results were used to demarcate the expected position 
of the genotype on the Allelic Discrimination Plot (Figure 2) and to harmonise the newly generate 
reference data with that of the original breed dataset.  
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Figure 2:  An example of an Allelic Discrimination Plot, used to call SNP genotypes. The 
varying intensity of fluorescent labels on each allele (represented by the two 
axes) means that either homozygote (blue or red) can be easily distinguished 
from a heterozygote (green).  

 
 
Owing to the persistently poor performance of some assays, and time restraints imposed by the 
continual need for extensive optimisation, not all KASP assays were subsequently included in the 
breed-specific panels. SNP-panels that included the most consistently performing KASP assays were 
selected for two breeds of pig and two breeds of cattle, for further internal and external validation. 
The remaining breed panels were not included in the SOP due to unsuccessful optimisation of all SNP 
assays in the panel. In total, 38 SNP assays were successfully optimised across the selected breeds (it 
should be noted that some SNP markers appear in multiple panels). Following optimisation of the 
reaction mastermix and thermal profile, only KASP assays that produced consistent, unambiguous 
genotypes were included in the final SOPs. The final panel size for each breed and their misassignment 
rate among reference individuals are given in Table 2. 
 
 
Table 2: The percentage of original reference individuals of a target breed that were 

misassigned (to a non-target breed) using the optimised, breed-specific panel. Levels 
of misassignment are also given for non-target breed individuals that were 
misassigned to the target breed. 
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A total of 6 positive controls (2 for each genotype) were selected for each SNP assay and were included 
in all subsequent runs, along with two negative controls. Two controls per genotype were included, in 
case of PCR failure for a single sample. A subset of individuals from the reference dataset of each 
target breed were genotyped at all optimised panel-SNPs. A sub-set of individuals that genotyped 
consistently (minimum of three times per assay) for all breed-specific panel-SNPs and assigned back 
to the expected breed of origin with the genotype data produced, were chosen to act as breed controls 
for external validation (see Appendix II, Table b).  
 
Optimised SNP assays were used to expand the reference datasets for both Traditional Hereford and 
Welsh Black breeds. Genotype data for a further 61 Traditional Hereford and 67 Welsh black were 
generated and used to expand the reference datasets. Assignment analyses were repeated as part of 
the internal validation, using the new and more comprehensive reference breed datasets. Following 
expansion of both Traditional Hereford and Welsh Black reference breed datasets, there was an 
increase in the misassignment rate of both target and non-target breeds. Most prominent was the 
misassignment of non-target breed individuals to the Traditional Hereford breed which increased from 
approximately 5 to 15 %. Misassignment of Traditional Hereford and Welsh Black individuals to the 
non-target breed group rose to 5.2 and 6 %, respectively. The rates of misassignment among both 
target and non-target breeds using the expanded reference data set for both Traditional Hereford and 
Welsh Black panels are given in Table 3.  
 
 
Table 3: Rates of misassignment among reference individuals (n = number of individuals 

analysed), using the expanded reference dataset. 
 

 
 
 
Expansion of reference datasets for Berkshire and Large black was also intended. However, it was not 
possible to extract DNA of sufficient quality or quantity from the hair samples provided to allow 
significant expansion of either reference dataset. All further assignment analyses were therefore 
conducted using the original reference population samples. 
 
SOP production 
A series of Standard Operating Procedures (SOP) were drafted relating to the various sections of the 
analytical process: DNA extraction, genotyping, data analysis and interpretation. These drafts were 
eventually joined to form two ‘sample-to-breed’ SOPs; one for verifying traditional pig breeds and one 
for cattle. The SOPs were used in the internal validation study and led to SOP revisions (see below). 
The revised SOPs were provided to Minton Treharne and Davies Ltd (MTD, Cardiff) for external 
validation, and were subsequently edited and improved following their feedback. The final versions of 
each SOP for the genetic identification of traditional breeds of pig and cattle are given as Appendix IIIa 
and Appendix IIIb respectively. 
 
 
 
 
 



 Defra Breed Verification Project (FA0125) 
 

 11 
 

(5) Internal validation 
 

Following completion of the assay design, optimisation of the KASP assays and production of two 
Standard Operating Procedures (one for traditional pig breeds and one for traditional cattle breeds), 
an internal validation study was performed to demonstrate the performance of each breed assay on 
a set of control and test DNA samples. As the SOPs for both pig and cattle are the same in terms of 
their construction (the difference lies in the specific SNP-panels used for each), both were validated 
simultaneously and the results are reported together. Sections that are specific to either pig or cattle 
are highlighted accordingly within.  
 
The validation protocol consisted of following the SOP to assess the efficacy of the DNA extraction 
protocol, the consistency of the SNP assays and assignment success of the breed-panels. A report 
detailing the results of the internal validation study is provided in Appendix IV. The test samples used 
during internal validation study are detailed in Appendix II. The conclusions of the validation study 
were as follows: 
 

 The DNeasy extraction kit enabled isolation of sufficient quality DNA for all downstream 
applications. DNA was successfully extracted from cow-tissue, -blood and -semen samples, 
and from samples of pig-hair. Extraction from pig-hair samples yielded the lowest quantity 
and quality. Where necessary, sample DNA was diluted to a concentration of approximately 
20-100 ng/µl (quantified and qualified using a nanodrop).  
 

 As spectrophotometer readings may over-estimate the amount of DNA present in a sample, 
concentrations were verified using a Qubit fluorimeter, which measures only double-stranded 
DNA. Based on both nanodrop qualitative and Qubit quantitative readings, a range of DNA 
template concentrations were tested and demonstrated consistency in genotypes produced 
across a wide concentration range (4 – 50 ng / µl). 
 

 KASP assays required further optimisation to ensure that unambiguous genotypes could be 
assigned from all tested samples. Despite optimisation, repeat failures were common and 
many individuals had to be run several times to obtain a genotype. This was not consistent 
across all SNPs for any one individual, suggesting that the failures were not due to DNA quality. 
It is possible that re-designing the assays for these SNPs would produce more consistent 
results. 
 

 The number and quality of genotype control samples was a constant issue throughout assay 
design and validation. Further research into the generation of an alternative source of 
genotype controls would be required to produce a more consistent source of genotype 
controls for future use of the assays. 
 

 At each optimised SNP, the genotypes produced for the genotype-control samples were 
largely consistent with previous VeraCode reference data.  
 

 All Berkshire individuals were assigned correctly to breed using the 10-SNP panel. 
 

 A single Large Black individual was misassigned to the non-Large Black group. On closer 
inspection, this individual possessed genotype atypical to the target breed, at two SNP 
markers.  
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 When all panel-SNP genotypes were present, 10 % of Traditional Hereford samples were 
misassigned to the non-Traditional Hereford group. This represents two of the 20 individuals 
tested.  
 

 All Welsh Black individuals were assigned correctly to breed. 
 
Revision of Methods and Standard Operating Procedures 
Initial consultation with external validators MTD revealed that a QIAcube (QIAGEN) was routinely used 

for DNA extraction in Public Analyst laboratories that, whilst using Qiagen spin-column chemistry, 

allows for a higher throughput of samples. In addition, a robotic workstation was used to set up PCR 

reaction plates. Section 6.3 (Commercial Kits) and 7.3 (SNP Genotyping) were amended to authorise 

the use of these technologies under the current SOPs.  

 
Template DNA concentration was amended to cover a greater range that recommended by the assay 
manufacturer. Additional information was provided about the use of both a Nanodrop 
spectrophotometer and Qubit fluorometer for DNA quantification.  
 

PCR reaction conditions were modified from those recommended by the manufacturer to include 

further cycling and to permit improved resolution of genotype clusters. The SOP was amended to state 

that all panel-SNPs must be genotyped to produce reliable assignment. Any missing data would count 

as a failed panel.  

 
 
(6) External validation 
 
Following revision of the methods and the SOP, an external validation study was performed to 
demonstrate the performance of the assay in the hands of a Public Analyst laboratory, and to evaluate 
the following: 
 

i) Validation of SNP genotypes 
To ensure that the assay genotype results and interpretation were reproducible by a second 
laboratory, following the SOP. 
 

ii) Sensitivity evaluation 
To evaluate the impact of DNA concentration on genotype assignment. 
 

iii) Sample type evaluation 
To evaluate, using market samples, the impact of the freezing process on test sample 
genotype. 
 

iv) Sample assignment validation 
To examine the performance of the assay for assignment of individuals to their true breed 
using a KASP SNP genotyping approach. 
 

External validation was completed by MTD against the deliverables agreed by TRACE and MTD. The 
validation protocol included the following three sets of validation samples:  
 

i) Control DNA from individuals of known genotype.   
ii) Control DNA from individuals of known breed.  
iii) Market/commercial samples.  
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A full worked example of the assignment analysis was provided to MTD with completed datasets and 
analyses, to allow familiarisation of the software and analysis involved. The genotype control samples 
for external validation were the same as those used during internal validation. Samples used as breed-
controls are given in Appendix II (Table b).  
 
The validation report compiled by MTD is presented as Appendix V. The following summarises the 
information contained within the report: 
 

 DNA of sufficient quality and quantity was extracted using Qiagen spin-column chemistry with 
a QIAcube automated system. 
 

 Four breed panels were validated for two pig breeds (Berkshire and Large Black) and two cattle 
breeds (Traditional Hereford and Welsh Black). 
 

 Among the 10 SNPs included in the Berkshire panel, one SNP failed to amplify and could not 
be used to assign genotypes unambiguously. Another SNP did not produced the expected 
homozygote genotypes.  
 

 All SNPs included in the Large Black panel performed well, producing the expected genotypes 
across control samples. 
 

 All except one SNP in the Traditional Hereford panel performed well and produced the 
expected genotypes among genotype control samples. The performance of the remaining SNP 
improved when a greater number of samples were run and genotypes could then be assigned 
unambiguously. This SNP was also present in the Welsh Black panel.  
 

 Twelve of the 14 Welsh Black panel-SNPs performed well and consistently. Of the two that did 
not perform as expected, one did not produce the expected homozygote genotype. The other 
SNP produced unambiguous genotypes only when run with a larger number of samples. This 
SNP was common to both the Welsh Black and Traditional Hereford panels. 
 

 Both pig and cow SNP assays performed reliably over a range of DNA concentrations (0.5 - 20 
ng/µl) with no apparent effect on the genotype obtained. However, genotype clusters were 
less well defined when lower concentrations of DNA were used in the reaction as the position 
of all points on the Allelic Discrimination Plot were situated closed to zero.   
 

 DNA extracted from market/commercial samples demonstrate that assays can be performed 
on fresh samples and those subjected to the freezing process with no impact on the genotype 
obtained. 
 

 All Berkshire, Large Black and Traditional Hereford breed controls and test samples assigned 
back to the correct breed of origin, using the relevant breed panel. 
 

 Two Welsh Black breed controls did not assign to the correct breed of origin. On close 
inspection of the data, this was due to an allele reversal at one SNP whereby the genotypes 
expected for all control samples (breed and genotype) were opposite to those expected. 
 

All deliverables were met for both pig and cattle assays and details of the final report are given as 
Appendix V.  
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To compare the performance of SNP genotyping using KASP chemistry with the alternative Taqman 
chemistry, four pig SNPs that had previously been problematic to optimise and score unambiguously 
using KASP assays were re-run using a Taqman® equivalent. In all cases the Taqman required less 
optimisation than the KASP assays. The allelic discrimination plots for the Taqman® assays trialled are 
given in Appendix IX of the external validation report. Comparison with the KASP output for equivalent 
SNP markers demonstrates that although the genotypes produced are the same for both chemistries, 
Taqman produced tighter genotype clusters which reduces ambiguity in allocating genotypes. 
Furthermore, pig-SNP SNP027 that had previously proved challenging to optimise and produced 
variable results during external validation, was unsuccessful during Taqman® assay design. The lack of 
suitable Taqman® priming sites for this SNP might also explain the overall poor performance of the 
KASP assay designed.    
 

 
DISCUSSION OF RESULTS AND RELIABILITY 
 
Proof of concept 
The ability to assign an individual pig or cow back to its breed of origin, using a small number of SNP 
markers, was demonstrated in principle for all breeds. By considering a breed as a ‘population’ and 
using population genetic analysis of reference breed genotype data, it was possible to identify a small 
numbers of SNPs that differed sufficiently between the target and alternative breeds so as to be 
informative. Assignment analysis using these small ‘panels’ of SNP markers demonstrated that among 
reference breeds, individuals could be reliably assigned back to their breed of origin. 
 
The reference dataset for both Berkshire and Large Black pig breeds demonstrate this by successful 
assignment of individuals using only 10 SNP markers. However, the ability to identify informative 
markers was largely dependent on the breed in question. When identifying the minimum number of 
SNPs required to assign individuals of Middle White, 12 SNP markers were required to accurately 
assign reference individuals. Similarly, among the cow breeds initially examined, the number of SNPs 
required to correctly assign individuals to the correct breed of origin varied between 8 and 22. The 
difference in the number of markers required to discriminate a single breed is likely to reflect the 
history of the breed in question and how closely related the ‘alternative’ breeds are (Wilkinson et al. 
2012). Berkshire, Large Black, Traditional Hereford and Welsh Black breeds, for example, can be 
segregated from other breeds using relatively few SNPs which appear either fixed in the reference 
dataset (i.e. have a single genotype across the entire breed) or exhibit large differences in their allele 
frequencies when compared to other breeds. Conversely, other breeds such as Commercial Hereford 
and Red Poll are either recently derived from other breeds or have routinely been crossed in the past 
with other breeds. This means that they are genetically less distinct from other breeds in the reference 
dataset and therefore are more difficult to characterise using a small number of SNP markers. 
Interestingly, when Commercial Hereford individuals are compared to the reference dataset, the 
majority of those misassigned are placed within the Traditional Hereford group. This is likely to reflect 
the close breeding history of the two breeds and the ancestral origin of Commercial Herefords. 
 
Genotyping 
KASP chemistry was selected to genotype SNP panels based on its ease of use and economic benefits. 
Overall, the performance and application of KASP chemistry to genotype SNPs has demonstrated that 
though the system is more economic (in terms of basic assay and reagent costs) assays may be more 
difficult to optimise than alternative technologies (for example, Taqman®). SNP assays were initially 
ordered in for seven breeds of pig and five cattle breeds, totalling 104 SNP markers. Manufacturer’s 
recommendations and guidance were followed during initial SNP runs but all required amendment to 
optimise poorly performing assays. Due to the time taken to optimise reaction set-up and thermal 
profiles for each individual SNP assays, four breed panels only, were selected for further validation. 
These panels were selected as they contained the most SNPs that performed consistently well across 
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control samples and required least optimisation. Only 38 of the original assays were therefore 
optimised to produce consistent, unambiguous genotypes.  
 
There is an option when ordering KASP SNPs to use a more ‘tailored’ service of KASP design, whereby 
assays are optimised by the manufacturer prior to customer use. However, this would have increased 
the overall cost of producing each panel, given the large number of SNPs trialled. During external 
validation, the results of the KASP assays were compared to those produced using Taqman® probes. 
Although the genotypes generated were the same, the amount of optimisation required to produce a 
fully functioning, transferable assay was markedly lower when using Taqman®. The economic value of 
using KASP chemistry is only valid if the assays are robust enough for transfer to different laboratories. 
At the time of publication, the approximate cost of running a single reaction using Taqman® chemistry 
was over 10 times more expensive than using KASP. When running a 10-SNP panel, there are currently 
80 reactions required for the genotypes controls alone (six positive and two negative controls per SNP) 
that are required to run alongside the unknown samples. In addition, all reagents have a limited shelf 
life and the minimum ‘pack size’ of each reagent is likely to be in excess of the average Public Analysts 
requirements. This further increases the overall cost of possessing the assay so that the expense of 
Taqman® is prohibitive for widespread use. Although the performance of Taqman® appears superior, 
the cost of the assays required to run a single panel would be prohibitive to widespread application. 
It is possible, however, that the more tailored service offered for KASP might provide an intermediate 
solution, although the consistency of results after dissemination to individual laboratories would still 
need to be assessed. 
 
Reference data expansion 
The incorporation of additional reference samples improved UK-wide breed representation but had 
some impact on assignment power, as the genetic pool of each reference population effectively 
widened and extended towards genetic similar breeds.  The optimised Welsh Black SNP panel 
performed well against the expanded reference datasets, although levels of misassignment were 
greater from both the target and non-target breeds. Only 2.5 % of non-Welsh Black samples were 
wrongly assigned to the Welsh Black breed whereas 6 % of Welsh Black individuals were assigned as 
non-Welsh Black. A similar result was seen for Traditional Hereford samples where misassignment 
increased when the expanded reference dataset was used. However, the probability of exclusion 
remained low for misassigned target breed individuals which could not confidently be excluded from 
their true breed. In contrast to Welsh Black, it was misassignment of non-target breed individuals that 
was more pronounced with the Traditional Hereford panel. Misassignment rose from approximately 
5 % to almost 15 % among non-Traditional Hereford individuals compared to 5 % for Traditional 
Hereford samples. Of the misassigned non-target breed samples, the majority of samples misassigned 
to the Traditional Hereford breed were of Commercial Hereford origin. This is understandable given 
the breed history of Commercial Herefords. 
 
The increase in misassignment rates seen when using the expanded reference datasets can be 
explained by the introduction of new genotype data to the breed reference dataset. Whilst the 
expansion of the reference datasets provides a more comprehensive coverage of the reference breed, 
it also alters the allele frequencies across the dataset. This in turn will affect the overall Fst of each 
SNP; a measure used to select the most informative SNP during initial panel design. Due to the 
limitations on this project, it was not possible to re-design the panel based on the new reference breed 
dataset, re-order and re-test but doing so might reduce misassignment rates back to their original 
values. 
 
Internal validation 
During internal validation the individual KASP® assays required further optimisation to produce 
consistent results across a range of DNA concentrations.  The Welsh Black panel-SNPs performed well 
and assigned all test samples correctly, to the Welsh Black breed. A higher rate of misassignment was 
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observed using the Traditional Hereford panel where four of the 20 tested individuals were assigned 
to the non-Traditional Hereford. Two of the misassigned individuals had missing data for one or more 
SNP markers and so assignment results were not reliable. The remaining two individuals, for which all 
SNP data were present, did not possess genotypes that were notably different to the reference breed 
and the observed misassignments are most likely a consequence of the reference dataset expansion, 
as discussed above. 
 
External validation 
During external validation, misassignment of breed controls was correlated to either a lack of 
genotype data for one or more SNP markers or due to ambiguity in the genotype assignments. In cases 
where a SNP did not genotype, the panel was missing data and therefore is assumed to have failed. 
This means that the assay should be repeated until data for all panel-SNPs are available before 
proceeding with the assignment analysis. Problematic genotyping with one pig SNP (SNP027) meant 
that no genotype information was available and the Berkshire panel was incomplete. As this assay had 
previously performed well during internal validation, it was concluded that deterioration in the assay 
reagents may have accounted for the failure of this SNP. Three SNP assays in the Welsh Black panel 
failed to genotype for the Welsh Black market sample. It is unclear whether this was due to poor DNA 
quality or the SNP in question as the assays produced consistent genotypes for all other samples run 
during both internal and external validation.  
 
A further concern during external validation was that for two of the assays (one for Berkshire and one 
for Welsh Black), genotypes assigned were different to those expected. Thorough checks were made 
of the expected individual genotypes within the reference dataset and the fluorescent labels, reported 
by the assay manufacturer, to be attached to each of the alleles. It is likely that difference in the 
genotypes assigned at this SNP was due to a lack of positive control for one of the homozygote 
genotypes during external validation. The lack of control for one or other of the homozygote 
genotypes changes the scale on a single axis of the allelic discrimination plot, which then skews the 
appearance of the remaining sample points. This is a significant issue as consistent genotyping of 
control individuals is paramount to assessing whether a test has performed reliably. Subjectivity in 
assigning genotypes caused by ambiguity among the control samples would result in test samples 
being wrongly genotyped. Although assignment analysis would not usually proceed until all genotypes 
were present, the lack of available time and resources meant that repeated runs of the assay were 
not possible. Analysis therefore was completed despite missing data for the Berkshire panel and whilst 
the genotypes discrepancies appeared to have little effect on the assignment capability of the 
Berkshire panel, the error caused two out of the three Welsh Black breed control individuals to be 
misassigned. 
 
SOP evaluation 
An SOP that takes the user from sample acquisition and DNA extraction, through to interpretation of 
assignment analysis was produced and externally validated for four of the target breeds. The results 
from external validation demonstrate that, providing a robust individual SNP assays are used to obtain 
individual genotypes, the use of small SNP panels and assignment analysis to verify a traditional pig or 
cattle breed, could be reliably transferred to a public analyst laboratory. The SOP was supplied with a 
full worked example of the assignment analysis to allow operators to familiarise themselves with the 
procedures involved. The analysis procedure, whilst simplified as much as possible, would still require 
the operator to have an understanding of basic Excel usage to be able to manipulate the raw data and 
complete the assignment analysis. Understanding the statistical principle of the assignment analysis 
is not necessary to work through the SOP but would be required to interpret the overall results. This 
learning could be suitably achieved through a knowledge transfer event. 
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Hurdles to widespread implementation 
An ongoing issue throughout optimisation, internal and external validation was the continual supply 
of reliable control samples and consistency in the genotypes obtained. The inclusion of accredited 
genotype controls is necessary for a SOP to be fully validated. To run a basic 10-SNP assay, a minimum 
of 8 controls (including duplicates of both positive and negative controls) are needed per SNP. This 
equates to a minimum of 80 control reactions. The DNA of a single individual may be suitable to control 
for multiple SNP genotypes (rather than have a different individual for every possible SNP genotype) 
but the quantity of available DNA from a given sample is generally limited when using extracted DNA. 
During this study, the use of Whole Genome Amplification was trialled to increase the yield of available 
DNA for all control samples. Although this resolved the immediate problem of DNA depletion, it is 
likely to be a temporary solution. An alternative source for the continual supply of control samples 
would be to generate synthetic oligos for each SNP genotype, however, future research would be 
required to produce validated controls before the SOP could be disseminated for commercial use. 
 
With a view to employing the SOPs produced for future verification of pig and cattle breeds, 
maintenance of the reference dataset would need to be considered. The ability of an assay to reliably 
assign an individual to its correct breed depends heavily on the reference dataset used. To be as 
representative of total genetic variation as possible (so as to ensure correct assignment), the reference 
dataset would require continual update and re-testing at periodic intervals. If a SOP such as the one 
designed here were to be more widely disseminated, some level of reference data curatorship would 
need to be employed along with the supply of accredited control samples.  
 
The aim of this project was to develop panels of SNP markers that could be used to verify true breed 
of origin for six traditional breeds of pig and five of cattle. During the course of study, Aberdeen Angus 
was found to be the focus of commercial interest for the companies IdentiGEN (Dublin, Ireland) and 
Weatherbys Ltd (Ireland); and discussion with the latter revealed interest in developing breed 
verification tests to offer as a commercial service. Should this happen, the need to reduce the number 
of SNPs used to verify a pig or cattle breed would not necessarily need to be reduced, as the original 
192 SNPs (on which this study was based) could be easily genotyped during runs of a custom built 
porcine or bovine SNP-chip. The results of projects Q01130 and FA0112 allowed an unknown sample 
to be assigned to one of 15 pig breeds or one of 3 cattle breeds (with a potential to increase to four 
breeds following extension of the Traditional Hereford dataset). The assay, demonstrated sufficient 
power to assign samples to breed with enough certainty to be used to determine breed in 
enforcement actions as well as market surveys. Despite this suggestion, the results of this study are 
far from redundant as they demonstrate the ability to assign individuals to a specific traditional breed 
using small panels of SNPs and simplify the amount of data required to produce reliable assignments. 
 

 
CONCLUSIONS 
 
The results from this study demonstrated that identifying small panels of markers that are capable of 
assigning individuals to a specific traditional breed of origin is possible, depending on the breed in 
question. Optimisation problems prevented all KASP SNPs from being used to their full potential and 
whilst it is possible that the manufacturer of this chemistry could provide re-designs for the failed 
assays; a more realistic approach might be to scope out interest among commercial service providers 
of customised bovine and porcine SNP-chips. If breed identification tests could be included among the 
services currently offered, a more centralised system of testing may be established.  
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GLOSSARY 
 
DNA  Deoxyribonucleic Acid 
 
SOP  Standard Operating Procedure 
 
SNP  Single Nucleotide Polymorphism 
 
KASP  SNP genotyping assay produced by LGC Genomics 
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APPENDIX I: Reference Sample List 

Details of samples used to expand the reference datasets for Traditional Hereford and Welsh 

Black cattle breeds. 
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Appendix I continued… 
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APPENDIX II: Control/Validation Samples 

Samples used as genotype controls and test samples during internal validation of Berkshire, Large 

Black, Traditional Hereford and Welsh Black breed ID SNP panels. 

 

(a) Genotype control samples for which VeraCode genotype data were available. 
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(b) Test samples for assessing assignment power of SNP panels. Samples chosen to act as breed 

controls in external validation are indicated in the last column (Breed Control ID). 
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APPENDIX IIIa: Pig SOP 

 

Final version of the SOP for identification of traditional pig breeds. 
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1. HISTORY / BACKGROUND 
 
The production and sale of meat from traditional pig breeds in the United Kingdom represents a niche 
premium market that relies on the strength of the traditional-breed brand to achieve higher market 
value. There is a financial incentive to unscrupulous meat producers and retailers to substitute meat 
from other cheaper breeds, thereby defrauding the consumer and competing unfairly against genuine 
traditional meat producers. There is a need for the UK authorities to be able to authenticate the breed 
of origin of meat labelled by breed, in order to deter mislabelling and potentially prosecute deliberate 
fraudsters. 

Animals, their parts and derivatives can be identified using molecular genetic markers termed Single 
Nucleotide Polymorphisms (SNPs). The Standard Operating Procedure (SOP) described here is the 
result of Defra project (FA0125); to develop a set of SNP genotyping assays capable of authenticating 
pig meats sold by traditional breed. 

 

2. PURPOSE 

The purpose of this SOP is to provide a pig breed authentication method to laboratory investigators 
that have the capacity to perform SNP genotyping assays.  

 

3. SCOPE 

This method is suitable for the qualitative identification of DNA (deoxyribonucleic acid) belonging to 
the following traditional pig breeds: 
 

- Berkshire 
- Large Black 

 
The assay is designed to work with raw meat. It is not suitable for the identification of complex meat 
products containing DNA from multiple breeds. 
 

4. DEFINITIONS AND ABBREVIATIONS 

DNA   Deoxyribonucleic acid 

PCR   Polymerase Chain Reaction 

SOP   Standard Operating Procedure 

UV   Ultraviolet 

 

5. PRINCIPLE OF THE METHOD 

From a biological perspective, breed identification is equivalent to population assignment.  
Populations can be defined as groups of individuals that share greater genetic similarity with each 
other than they do with members of other populations. DNA markers can be used to differentiate 
populations, or breeds, and assign unknown samples to their correct population or breed of origin. By 
targeting these markers during genetic analysis, it is possible to identify the breed of an unknown 
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sample. The method presented here consists of three principal stages: i) DNA extraction, ii) SNP 
genotyping, iii) data analysis and breed exclusion. Briefly, DNA is extracted from unknown pork 
samples using standard laboratory protocols. A panel of SNP genotyping assays are then employed to 
generate genotypes for 10 SNP markers. The resulting genotypes for the unknown sample are 
combined to form a profile and this is submitted for analysis against a reference data set containing 
multiple traditional breed genotypes. The analysis assigns the unknown sample to the most likely 
breed and generates a probability of belonging to that breed relative to the claimed breed. 

It is assumed that the person performing this SOP is familiar with standard genetic analysis techniques 
and molecular laboratory practice. This SOP is NOT intended to provide guidance on how to use a 
real-time PCR machine. 

 

6. MATERIALS AND EQUIPMENT 

 
N.B. Batch numbers of kits used must be recorded 
 
Water 

General use:  Distilled or de-ionised water 
PCR procedures:  Sterile, DNase-, RNase- and Protease-free water  

e.g. Fisher Scientific DNA free water, product code: BPE2470-1 
 

Solutions, standards and reference materials 

1. Reference DNA: 
Positive control reference DNA for each SNP genotype used in the breed-specific SNP panel (up 
to two controls per genotype) (see Appendix 1 for details). 
 

Commercial kits 

DNA Extraction 

The method has been validated using QIAGEN spin-column technology, via manual (DNeasy Blood & 
Tissue Kit, Qiagen - Product code 69504) and automated (QIAcube, Qiagen) processes. DNA extraction 
kits from other suppliers must be shown to be appropriate before use. 

 
KASPar® SNP genotyping probes and reagents 
 
This product is custom made by LGC Genomics. The SNP primers are re-ordered from LGC using the 
Aliquot Barcode reference numbers given in Appendix 2 (Table b). The mastermix can be ordered from 
LGC (Product description: KASP V4.0 2X Mastermix 96/384, 5,000 x 10 µL reactions (25 ml), either Std 
Rox or High Rox (depending on the platform used).  
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The following SNP assays are required for each breed-specific panel: 

 

Plastic ware 

The following items of plastic ware are required (It is essential that all plastic ware is sterile before 
use): 
 

Item Detail Supplier Product code 

1 96 Well Plate Optical ABI  

2 PCR film lid Optical  ABI  

3 Pipette tips (filtered) 10, 20 and 200μl Starlab S1120 

 
Equipment 

The following items of equipment are required to undertake the analysis. Alternative 
suppliers/models are available for each item. These must be shown to be appropriate before use. 

Optional items are referenced in the procedures and should be included in the SOP whenever possible.   

Item Detail Example supplier Product code 

1 Precision pipettes delivery of 1-200μl Starlab G8900 

2 Bench top vortex  Labnet VX-100 

3 Micro centrifuge to hold 1.5 ml tubes Eppendorf 5452 

4 Thermal mixer to hold 1.5 ml tubes Eppendorf 5355 

5 Real-time PCR machine 
capable of end-point 
reads 

e.g. ABI 7500,7900 or 
StepOne system 

ABI  

6 DNA Quantifier Accurate to +/- 1ng Nanodrop ND1000 

 
Optional 

   

7 Laminar flow hood  PCR Workstation Gelman  
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Other materials 

Disposable plastic gloves, sterile dissection equipment 
 
Electronic Files / Computer Software 

The following electronic files and computer software are required as part of the method: 
 

a) Microsoft Excel (version 2003 or later) 
b) GENECLASS2 population genetic software 
c) Text files: Breed*_Reference genotypes.txt 
d) Excel file: Data conversion_Breed*.xlsx 
e) Excel file: Breed*_Analysis sheet.xlsx 
f) Excel file: Trad Pig Breed_SNP info.xlsx 

 
*Breed refers to a breed specific file e.g. ‘Berkshire_Reference genotypes.txt’ for Berkshire reference 
genotypes.  
 

7. PROCEDURES 

It is essential to wear disposable plastic gloves during all procedures and to use pipette tips that are 
sterile and fitted with filters. 
 
7.1 Sample Preparation 

All samples should be stored frozen at -20oC until processed. Samples can be stored frozen indefinitely. 
Prior to processing, thaw samples at room temperature.   
 
The external surfaces of samples submitted for analysis may have been affected through preservation 
treatments or bacterial breakdown.  Where possible, obtain subsamples for DNA extraction from the 
least degraded area of tissue in order to minimize contaminant DNA and DNA degradation. This will 
typically mean removing outer layers of tissue in contact with the environment before taking a 
subsample.  Use sterile dissection equipment where appropriate. 
 
7.2 DNA Extraction 

Materials: 
The extraction should be carried out using Qiagen spin-column chemistry, following the 
manufacturer’s protocol. When using the Qiagen ‘DNeasy Blood and Tissue Kit’, the procedure is as 
follows: 
 
Procedure: 
1. Cut up approx. 25 mg tissue into small pieces and place into a 1.5 ml tube. 
2. Include an empty 1.5 ml tube as an extraction control. This is treated following the same 

procedure and carried through to the PCR stage (7.3). 
3. Add 180 μl Buffer ATL (tissue lyser). 
4. Add 20 μl proteinase K and vortex for 15 seconds. 
5. Incubate in a thermal mixer at 56°C for 2 hours. 
6. Vortex for 15 seconds. 
7. Add 200 μl Buffer AL (cell lyser) to the sample and vortex for 15 seconds. 
8. Add 200 μl 100% ethanol and vortex for 15 seconds. 
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9. Pipette the mixture into a DNeasy Mini spin column placed in a 2 ml collection tube. 
10. Centrifuge at 8000 x g for 1 minute 
11. Discard the eluate and replace the collection tube. 
12. Add 500 μl Buffer AW1 (wash 1). 
13. Centrifuge at 8000 x g for 1 minute 
14. Discard the eluate and replace the collection tube. 
15. Add 500 μl Buffer AW2 (wash 2). 
16. Centrifuge at 13,000 x g for 3 minutes 
17. Discard the eluate and collection tube.  Place the spin column in a 1.5 ml tube. 
18. Pipette 100 μl Buffer AE (elution) directly onto the spin column membrane. 
19. Incubate at room temperature for 1 minute 
20. Centrifuge at 8000 rpm for 1 minute to elute DNA. 
21. Discard the spin column, close the tube and store the eluate containing DNA at 4oC for up to 

one week or in a freezer (-20oC) long term. 
22.  DNA extract quantification.  Extracted DNA must be quantified to assess the extraction process 

and enable normalisation of DNA concentration.  DNA should be diluted to 20-50ng / μl using 
DNA-free water. 

 
Controls: 
A negative extraction control should be run in parallel with all batches of extracted sample. 
 
7.3 SNP Genotyping  

Details of this section specific to use with the StepOne system can be found in Appendix 3. For all other 
instruments and software, the following protocol applies and software should be set to reflect the 
conditions given under bullet point 4 of the PCR PROTOCOL: 
 
Materials: 
KASPar® custom genotyping assays 
KASPar® Master Mix 
 
DNA from test samples: 5 μl volume at approximately 20-50 ng/μl*  
Positive control DNA: 5 μl volume at 20-50 ng/μl* 
 
*As quantified using ThermoScientific Nanodrop instrumentation. Concentrations of 5-10 ng / μl may 

be used when quantifying using Qubit Fluorometric quantitiation. 
 
PCR Protocol: 
 

1. The KASPar® mastermix is ordered at a 2x stock concentration. The volumes given below are 
sufficient for one sample only.   
 

2. Prepare each PCR reaction as follows: 
 

Reagents for one sample   
2x Master Mix       5.0 µl   
KASPar®Primer mix      0.14 µl   
Template DNA (20-50ng/μl)      5.00 µl  
Total        10.14 µl 
 
Quantities of Master Mix and Primer mix should be multiplied according to the number of 
samples being run. Where a robotic workstation is used to set up PCR reactions, ensure 
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sufficient mastermix is allowed to accommodate the workstations requirements. For example, 
to prepare sufficient reagents for 10 samples:  
 

- Dispense 50 µl Master Mix  
- Add 1.4 µl KASPar®Primer mix  
- Mix well  
- Aliquot 5.14 µl of Master/Primer mix into individual reaction tubes. 
- Add 5 µl of each DNA template to individual wells. 
- Mix well. 

 
3. Six positive control samples (representing two each of the three possible genotypes), one non-

template and a negative control should be included alongside each SNP assay. Duplication of 
the controls allows for a contingency in case of a sample failure. Sterile water (as described in 
section 6.1) is used as a non-template. 
 

4. Run samples on a real-time PCR machine capable of end-point reads. Ensure the following 
conditions are applied during set up of the software that will record end-point reads: 

 

 Enter new experiment name. 

 Modify sample names to represent the individual well locations of each sample. 

 Adjust dye for allele call to:  
 

SNP FAM HEX (VIC) 

All SNP loci Allele 1 Allele 2 

 

 Change ‘Quencher’ box to read ‘None’. 

 Enter the total number of samples. 

 Enter the number of positive controls and set their well locations. 

 Enter the number of negative and non-template controls for each SNP assay. 
 
Adjust the thermal profile, to the following conditions: 

 

Hold (Hot start activation) 94 °C 15 minutes 

10 cycles of:   

Denature 94 °C 20 seconds 

Anneal/Extend 61 °C  
reduce by 0.6 °C per cycle  

60 seconds 

29 cycles of:   

Denature 94 °C 20 seconds 

Anneal/Extend 55 °C 1 minute 

Finally:   

Hold (Read fluorescence) 20 °C 20 seconds 

 
 
Raw data processing: 
 
Following completion of the PCR run, fluorescence is read and sample genotypes may be called 
automatically by the software (a worked example of the data analysis using StepOne instrumentation 
is given in Appendix 7). Genotypes are displayed in a plot format, and points should form three distinct 
clusters representing the three possible genotypes of each assay (homozygote 1, heterozygote, 
homozygote 2). The clusters may be coloured according to the automatic calls made by the software 
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algorithms and the results also given in table format. Any sample that is not called automatically will 
be shown as a black cross on the plot and on the corresponding table view. Non-template and negative 
controls (represented by a black square) should cluster together and be positioned in the bottom left-
hand corner of the plot, showing that no amplification has occurred and therefore no signal is 
produced. 
 
Where a sample has not been called automatically, it may be manually assigned to a cluster. This 
should only be done if the correct cluster to which the sample belongs is unambiguous from its 
position on the plot. See Appendix 4 for examples of Allelic Discrimination plots. 
 
If the assay has failed, samples will not have amplified and will not be called. If the control samples in 
a run fail to amplify successfully, the whole run will need to be repeated for all samples. Inspect the 
plate to ensure there are no problems such as evaporation of sample. If test samples fail, but the 
control samples amplify correctly, those samples should be repeated (if this occurs it is worth re-
quantifying the samples DNA and ensuring that it is normalised to the control DNA). 
 
Save allele calls as either an Excel (.xslx) or a text (.txt) file. 
 
7.4 Data analysis 
 
ANALYSIS SECTION A 
 
Conversion of output files to GenePop format 
 
Details of this section specific to use with the StepOne systems can be found in Appendix 5. For all other 
instruments and software output files, the following guide applies: 
 
The first stage of data analysis involves extracting the necessary information from the genotyping 
results file and converting it into a format suitable for downstream analysis.  The results file exported 
from the software contains a DNA genotype for each sample, at each SNP tested.   
 
The genotype is expressed as a call of either FAM/HEX or Allele1/Allele2, for each individual at each 
SNP. Use the information in the PCR protocol (section 7.3) and/or the dye information in Appendix 
2 to ensure that the data for analysis is scored in the same way as the reference dataset. The aim is 
to create a DNA profile that will consist of a table of genotypes for each of the SNP assays, and the 
required format is known as ‘GenePop’ format.  
 
The data should first be organised in horizontal rows, with each row representing a sample and each 
column, a SNP locus (Figure 1).  The header row lists the names of the SNPs. Use the ‘Genotype sheet’ 
in the appropriate ‘Data Conversion_e.g. Berkshire.xlsx’ workbook to ensure the data is arrangd in this 
way. 
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Figure 1 Screenshot of the ‘Genotype’ sheet from the Data Conversion Excel file, showing the 

data for six samples. The header row lists the SNP assay markers in the panel and the 
first column lists the samples. The DNA results for each sample consist of a two-allele 
call for each SNP, before the conversion to a number code has taken place.  
(‘Undetermined’ or ‘UND’ signifies that the assay has failed for a sample at that SNP) 
(data used here is for example purposes only and allele calls are given as 
Allele1/Allele2 rather than FAM/HEX). 

 
1. DO NOT MAKE ANY CHANGES TO THE GENEPOP FORMAT SHEET IN THIS WORKBOOK. This sheet 

will autofill based on the information completed in the ‘Genotype’ sheet. 
 

2. Within the ‘Genotype’ sheet, highlight the SNP genotype data (i.e. the cells containing the 
FAM/HEX or Allele1/Allele2 calls). For each SNP in turn, press ‘Control + F’ on the keyboard to 
bring up the ‘Find/Replace’ dialogue box.  Perform the following Find/Replace commands for all 
SNP loci:  

 
Find           Find   Replace 
Allele1/Allele1     or FAM/FAM  ‘0101 
Allele1/Allele2     or FAM/HEX  ‘0102 
Allele2/Allele2     or HEX/HEX  ‘0202 
Undetermined     or UND   ‘0000    

 
3. Select each sample name cell, one at a time, and add a comma (,) to the end of each sample name 

(see Figure 2). 
4. Save the Excel file with a new name. 

 



 Defra Breed Verification Project (FA0125) 
 

Appendix IIIa SOP Page 11 of 36 
 

 
 

Figure 2 Screenshot of an example of the GenePop format,, showing the SNP list and sample 
names in the first column and the 4-digit genotype code in rows for each sample (data 
for example purposes only). 

 
5. On the ‘Genepop’ format worksheet autofill cells are available for up to 40 samples. If FEWER 

samples are being analysed, remove excess 0’s from unused rows of the worksheet before saving. 
6. Save the ‘Genepop format’ worksheet as a Tab delimited text file: 

a. Select ‘Save as’. 
b. Select ‘Text (tab delimited)’ from the file type drop down. 
c. Name the file according to the samples within in. Click ‘Save’. 
d. Click ‘OK’ to accept only one worksheet to be saved. 
e. Click ‘Yes’ to accept format. 

7. Close the Excel file, select ‘No’ to saving changes when prompted. 
8. Open the text file and remove the “ marks using ‘Find and Replace’ . 
9. Check that the format agrees with the ‘GenePop’ format shown in Figure 3. 
 

 
 

Figure 3 Screenshot of an example text file in Genepop format, showing the SNP list and 
sample names in the first column and the 4-digit genotype code in rows for each 
sample (data for example purposes only). 
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ANALYSIS SECTION B 
 
GeneClass software 
 
In order to perform the statistical assignment of the test sample to a breed it is necessary to use the 
population genetic software package, GENECLASS2.   
 
GENECLASS2 is available to download for free from: http://www.ensam.inra.fr/URLB/. 
 
1. Download the set-up file from the webpage (normally the English Windows version) 
2. Install the program in an appropriate folder. 
 
The program is used to calculate the likelihoods associated with the test sample originating from each 
of the breeds in the reference data.  Both the reference data and the test sample data need to be 
inputted into the GENECLASS2 programme. See Appendix 6 for details of the relevant files needed to 
test each specific scenario for a given breed. 
 
3. Create two folders, one named ‘Geneclass input’, the other named ‘Geneclass output’. 
4. Copy the relevant breed ‘Breed*_Reference genotypes.txt’ file that is relevant to the claimed 

breed being tested, into the ‘Geneclass input’ folder. Do not make any changes to the reference 
population data file. 

5. Copy the test-sample text file generated from the ANALYSIS SECTION A into the ‘Geneclass input’ 
folder. 

6. Copy the relevant ‘Breed*_Analysis sheet.xlsx’ file into the Geneclass output folder. 
7. Open the GENECLASS2 software by double-clicking on the programme icon. By default, the 

programme will open on the ‘Parameters’ tab (top left of screen) 
8. Load the reference data by clicking on the ‘Open’ button to the right of the ‘Reference population’ 

bar (Figure 4).  Select the ‘Breed*_Reference genotypes.txt’ from the Geneclass input folder you 
have created.  
 
 
 
 
 

http://www.ensam.inra.fr/URLB/
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Figure 4  Screenshot of GENECLASS2 software opening page, showing reference and test file 

dialogue boxes, main and method tabs and analysis start button (data for example 
purposes only). 

 
9. Load the appropriate test sample by clicking on the ‘Open’ button to the right of the ‘Sample to 

be assigned’ bar  (Figure 4).  Select the test sample text file you saved within the Geneclass input 
folder you have created. 

10. Method.  Within the ‘Parameters’ tab, there are four tabs that relate to the method.  
a. Tab 1) ‘Computation goal’.  

i. Ensure that  the ‘Assign / exclude population as origin of individuals’ box is 
checked.   

ii. Ensure that the ‘Assign: Individuals’ box is checked 
iii. Ensure ‘Assignment threshold’ bar is set to 0.05 

b. Tab 2) ‘Criteria for Computation’. 
i. Ensure that  the ‘Bayesian method: Rannala & Mountain’ box is checked 

c. Tab 3) ‘Probability Computation’ 
i. Ensure that no boxes are checked 

d. Tab 4) ‘Locus selection’ 
i. Ensure that all boxes are checked 

11. Press the ‘Start’ bar at the bottom. 
 
The programme should only take a few seconds to run.  On completion, the screen will display the 
‘Results’ tab (Figure 5).  There should be one line of data per sample with your sample file names on 
the left hand side.   
 
12. Examine the number of SNPs used under the ‘Nb loci column’. 
 

DECISION: 
If the number of loci used is below 10, the test is assumed to have failed and should be re-run.  
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Figure 5  Screenshot of GENECLASS2 results page showing test sample number, mostly likely 

breed assignment (e.g. Berkshire for sample B2) and export function (data for 
example purposes only).  

 
13. Examine the breed code listed under the Rank 1 column header. 
 

DECISION: 
If this breed code matches the traditional breed of origin that is being claimed for the sample, 
the claim has been verified and the analysis is complete.  GO TO 7.5 - Interpretation. 
 
If this breed code indicates that the sample is not of the claimed breed, subsequent statistical 
analysis needs to be undertaken. Continue with this SOP (Part 14) 

 
14. In the ‘Results’ tab, click on ‘Export’ and save the file (as a .csv file type) to the Geneclass output 

folder you have created, using the test sample name as the file name, e.g. ‘test_sample.csv’ 
15. Return to the ‘Parameters’ tab.  The analysis needs to be re-run with a different method, as 

follows: 
a. Tab 1) ‘Computation goal’.  

i. Ensure that  the ‘Assign / exclude population as origin of individuals’ box is 
checked.   

ii. Ensure that the ‘Assign: Individuals’ box is checked. 
iii. Ensure ‘Assignment threshold’ bar is set to 0.05. 

b. Tab 2) ‘Criteria for Computation’. 
i. Ensure that  the ‘Bayesian method: Rannala & Mountain’ box is checked 

c. Tab 3) ‘Probability Computation’ 
i. Ensure that ‘Enable probability calculation’ box is checked. 

ii. Ensure that ‘Paetkau et al 2004’ box is checked. 
iii. Ensure that ‘No. Simulated individuals’ = 1000 and ‘type I error (alpha)’ = 0.01. 

d. Tab 4) ‘Locus selection’. 
i. Ensure that all boxes are checked. 

16. Press the ‘Start’ bar at the bottom. 
 

The programme will take a little longer (~15-20 seconds) to run.  On completion, the screen will display 
the ‘Results’ tab, slightly different to the previous one (Figure 6).  There should be a single line of data 
with your test sample file name on the left hand side.   
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The first column of data (immeditely to the right of the sample name) shows the probability associated 
with the claimed breed.  
 

DECISION 
If this probability is less than 0.05, it indicates that the claimed breed can be excluded as the 
breed of origin. 
 
If this probability is greater than 0.05, then the analysis should proceed, following the SOP. 

 
17. Close the GENECLASS2 programme.  Proceed to Analysis Section C. 
 

 
 
Figure 6 Screenshot of GENECLASS2 results page showing test sample number and the 

probability associated with the claimed breed. If this probability is greater than 0.05, 
then the analysis should proceed. If this probability is less than 0.05, it indicates that 
the true breed of the sample is not the claimed breed (data for example purposes 
only). 

 
ANALYSIS SECTION C 
 
Excel Spreadsheet Analysis 
 

1. Open a new Excel spreadsheet. 
2. From the ‘Data’ tab, select ‘import from text file’. 
3. Select the sample file from the Geneclass output folder you created in step 13 of Analysis 

Section B (e.g. test_sample.csv). 
4. In the dialogue box, select the ‘Delimited’ box, then click ‘Next’. 
5. Select ‘semicolon’ as the only ‘Delimiter’. 
6. Select ‘none’ from the ‘text qualifier’ drop down, then click ‘Next’. 
7. Click ‘Finish’, then Click ‘OK’ on the next box. 

 
The data should now be entered into the Excel spreadsheet and look similar to the example in Figure 
7 (data for example purposes only). 
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Figure 7 Example of successfully imported GENECLASS2 data within Excel.  The sample name, 

most likely breed and -log likelihood scores are highlighted (data for example 
purposes only). 

 
8. Save the Excel file in the Geneclass output folder.  Keep the Excel file open. 
9. Open the Excel file named ‘Breed*_Analysis sheet.xlsx’. 
10.  Save a copy of the Analysis Sheet using the test sample name in the file name.  Continue 

working with this copy.  Close the original master copy. 
 
Thie ‘Breed*_Analysis sheet.xlsx’ file contains three worksheets.  Do NOT make any changes 
to these worksheets, other than described in the following instructions. 
 

11. From the Geneclass output file created at (step 8), copy the value in the ‘-log(L)’ column that 
relates to the ‘Rank 1’ breed in Column B for the misassigned sample (for example, in Figure 
7, this would be the ‘-log(L) value for the non-Berkshire, 1.147 in cell I18) (data for example 
purposes only). 

12. Paste this value into the corresponding cell in Column C on SHEET 1, Table A in the Analysis 
sheet (Figure 8). 
 

 
 

Figure 8 Screenshot of Table A from the Analysis sheet. –log(L) values have been entered for 
the most likely breed (Non-Berkshire) and for the claimed breed (Berkshire) (data for 
example purposes only). 

 
13. From the Geneclass output file created at (8), copy the value of the ‘-log(L)’ column from the 

claimed breed (for example, in Figure 7, if the claimed breed was Berkshire, this would be the 
value of 4.8152 in cell H14 (data for example purposes only). 
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14. Paste this value into the corresponding cell in Column H on Sheet 1, Table A of the Analysis 
sheet (Figure 8). 

15. Check: On the Analysis sheet, a value for the likelihood ratio should now appear in cell C9. 
16. The appropriate probability for the test sample being from the breed identified in GENCLASS2, 

rather than the claimed breed, is provided in Table B. The relevant probability should be 
copied from Table B and pasted (paste special – paste values) into the ‘Result’ box in cell G19 
For example, the probability for a sample that claimed to be the Berkshire breed, but which 
GENECLASS2 analysis identified as a non-Berkshire sample, should be copied from cell D14 of 
Table B (Figure 9) (data for example purposes only).  

17. Save the Analysis file. STOP. GO TO 7.5 – Interpretation. 

 
Figure 9 Table B showing probabilities associated with breed assignment. For a sample claimed 

to be of Berkshire breed but identified during analysis as not being Berkhire, the 
relevant probability is found in cell D14 (outlined in red) at the intersection of these 
populations. The probability value of 0.99987869, indicates that it is extremely likely 
that the sample is from a non-Berkshire breed, given its claim (data for example 
purposes only). 

  
Note that all other values in Table B are meaningless. 
 
7.5  Interpretation 
 
The data relating to the test sample has now been processed. There are three possible outcomes. 
 

1) The GENECLASS2 analysis identifies the claimed breed as the most likley source of the 
sample. 
In this event, breed of origin has been verified. 
 

2) The GENECLASS2 analysis identifies an alternate breed as being most likely, and the 
probability associated with the target breed in GENECLASS2 (Figure 6) is less than 0.05. 
In this event, the claimed breed can be excluded as the breed of origin, however no other 
breed can be identified as the true source of the sample. 
 

3) The GENECLASS2 analysis identifies the ‘alternative breed’ (P>0.05). The subsequent Excel 
spreadsheet analysis compared the relative likelihoods of the claimed breed and alternative 
breeds and calculated a probability. 
This probability is sample-specific and takes into account the possibility of samples from other 
breeds being mistakenly identified as originating from the claimed breed.   
 
Where the probability value is 1, this means that the distribution of genetic variation observed 
in the two breeds does not overlap for the DNA result observed in the test sample. It can be 
concluded that the sample must belong genetically to an alternative breed, rather than the 
claimed breed. 
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Where the probability value is less than 1, this means that the distribution of genetic variation 
observed in the two breeds may overlap for the DNA result observed in the test sample. The 
probability value indicates the level of certainty with which it can be concluded that the 
sample belongs genetically to an alternative breed, rather than the claimed breed. 

 
7.6 Quality Assurance 
 
Extraction Control 
This is included to check for extraction kit contamination.  Only negligible DNA should be detected 
during quantification (<2 ng/µl). If significant levels of DNA are detected, sterilize all equipment and 
repeat the DNA extractions.  
 
Negative and non-template SNP Assay Control 
These are included to check for background laboratory contamination. No SNP genotypes should be 
produced. 
 
Positive SNP Assay Control 
The profile generated from the positive control should match the control population. If a mismatch is 
detected, it is likely the SNP genotyping assay has not run correctly.   
 
Repeat SNP Assay Control 
One sample, or the positive control, should be run twice to ensure that the genotypes produced are 
identical among sample replicates 
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8. APPENDICES 

The following pages contain information relating to: 
 

1. Positive controls 
 2. Kaspar® reorder codes 
 3. Protocol section 7.4 for StepOne system 
 4. Allelic discrimination plot examples 
 5. Protocol section 7.4: Analysis for StepOne system 
 6. Electronic files index 
 7. Worked example 
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APPENDIX 1:  
 
List of positive genotype control samples for each SNP. 
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APPENDIX 2:  
 
KASPar® aliquot barcode reference numbers 
 

(a) Breed-specific panel requirements: 
 

 
 
SNP primers can be ordered directly from LGC Genomics (http://www.lgcgenomics.com/), quoting 
the customer number 1249.26 (order codes on following page). 
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(b) SNP order codes: 
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APPENDIX 3:  
 
Protocol section 7.4: PCR Protocol and Raw Data Processing applied to use of StepOne system and 
software. 
 
PCR PROTOCOL 
 

1. The KASPar® mastermix is ordered at a 2x stock concentration. The volumes given below are 
sufficient for one sample only. 
 

2. Prepare each PCR reaction as follows (see main SOP for details of DNA concentration used): 
 

Reagents for one sample   
2x Master Mix    5.0µl   
KASPar®Primer mix      0.14µl   
Template DNA (20-50 ng/ul)      3.00µl  
Total        10.14 µl 
 

3. Two positive control samples representing each of the three possible genotypes and two non-
template controls should be included alongside each SNP assay. Positive control DNA will be 
provided by TRACE and sterile water (as described in section 6.1) is used as a non-template. 
 

4. Run samples on an real-time PCR machine capable of end-point reads: 
 
Example of software setup for a new experiment using StepOne software:  
(StepOne™ and StepOnePlus™ Software v2.3, downloadable from 
http://www.lifetechnologies.com/uk/en/home/technical-resources/software-downloads/StepOne-
and-StepOnePlus-Real-Time-PCR-System.html). 
 

1. Open StepOne software and select ‘New Experiment’ tab from top left corner. 
2. Enter new experiment name. 
3. Select ‘96-well plate’ option. 
4. Select ‘Genotyping’ option. 
5. Click ‘Next’. 
6. On ‘Define Methods and materials’ page: 

 Set Reagents to ‘Other’  

 Set Template type as ‘Wet DNA (gDNA or cDNA) 

 Set RampSpeed to ‘Standard (~ 2 hours to complete run). 
7. Ensure that the ‘Pre-PCR read’ box at the bottom of the page is un-checked. 
8. Leave ‘Amplification’ box checked. 
9. Click ‘Next’. 
10. On the ‘Set up assay’ page select ‘Yes (select SNP assay for library)’ option. Modify allele 

names and leave colour options as default settings. 
11. Adjust dye for allele call to:  
 

SNP FAM HEX 

All SNP loci Allele 1 Allele 2 

 
12. Change ‘Quencher’ box to read ‘None’. 
13. Click ‘Next’. 
14. On the ‘Set up samples’ page: 
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 Enter the total number of samples. 

 Enter the number and ID of positive controls. 

 Set the number of replicates to ‘1’. 

 Under ‘Which samples to set up’ select ‘All sample/SNP assay reactions’. 

 Enter the number of negative controls (as 2 for each SNP assay being run). 
15. Click ‘Next’. 

 
16. Adjust the thermal profile, using the slide bars, to the following conditions: 

 

Hold (Hot start activation) 15 minutes 94 °C 

10 cycles of:   

Denature 94 °C 20 seconds 

Anneal/Extend 61 °C  
reduce by 0.6 °C per cycle  

60 seconds 

29 cycles of:   

Denature 94 °C 20 seconds 

Anneal/Extend 55 °C 1 minute 

Finally:   

Hold (Read fluorescence) 20 °C 20 seconds 

 
17. Close and Save program. 
18. Click on ‘Open’ tab at the top of the page. This will bring up a view of the sample plate. 
19. Double click on each of the sample wells and enter the sample ID and assay name. It is 

advisable to keep the samples in the same order for each assay run. 
20. By default the program will add all negative controls from all assays to the first row on the 

plate. The position of these negative controls should be adjusted to reflect the actual plate 
layout. 

21. Click ‘Save’ to save the plate set-up. 
22. Click ‘Run’ to commence the PCR run. 
 

RAW DATA PROCESSING 
 
Following completion of the PCR run, sample genotypes may be called automatically by the software. 
The genotypes are displayed in a plot format, which should form three distinct clusters representing 
the genotypes of each sample. The clusters may be coloured according to the automatic call made by 
the software algorithms and the results in table format will be shown in the right hand frame of the 
window. Any sample that is not called automatically will be shown as a black cross on the plot and on 
the corresponding table view. Non-template controls (represented by a black square) should also 
cluster together and be positioned in the bottom left-hand corner of the plot, showing that no 
amplification has occurred and therefore no signal is produced. 
 
If the assay has failed, samples will not have amplified and will not be called. If the control samples in 
a run fail to amplify successfully, the whole run will need to be repeated for all samples. Inspect the 
plate to ensure there are no problems, such as evaporation of sample. If test samples fail but the 
control samples amplify correctly, those samples should be repeated. 
 
Output requirements: 
If multiple assays have been run on one plate, each assay should be viewed and analysed 
independently. To select the results from a single assay: 
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1. Highlight all samples on the plate/table layout and use the right mouse button to select ‘Omit’. 
This will deselect all samples. 

2. Re-select samples included in the first assay only and use the right mouse button to select 
‘Include’. 

3. After the samples are selected, click on the ‘Analyse’ button (located above the plate layout 
table). This will re-plot the genotypes for a single assay on the left hand side of the screen. 

4. Occasionally a sample may not have not been called automatically but may be manually 
assigned to a cluster. This should only be done if the correct cluster to which the sample 
belongs is unambiguous from its position on the plot. See Appendix 5 for examples of Allelic 
Discrimination plots. 

5. To manually assign a genotype, select the individual on the table view and select the correct 
genotype from a drop down menu at the top right hand side of the plot screen. 

6. Export and save the data by choosing ‘Export’ from the File menu. Ensure the ‘Results’ option 
is selected and export as a single file. Save as ‘SNPname_test data.xlsx’. 
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APPENDIX 4:  
 
Allelic Discrimination Plots 
 
The following Allelic Discrimination Plots illustrate examples of individuals unambiguously assigned 
to either a homozygote (blue or red) or heterozygote (green) SNP cluster: 

 

 
 
In the example below, two individuals have not been automatically ‘called’. One however may be 
assigned to the blue cluster whereas the other cannot be unambiguously assigned to either the blue 
or the green cluster, and so remains undetermined: 
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Appendix 5: 
 
Protocol section 7.4: Analysis section A applied to use of StepOne system and software. 
 
ANALYSIS SECTION A 
 
Conversion of StepOne/KASPar® output files 
 
StepOne software will automatically call alleles for each sample. The results file exported from the 
StepOne software contains the DNA genotypes for each sample and SNP tested.  The genotype is 
expressed as a call of Allele1/Allele1, Allele2/Allele2 or Allele1/Allele2. The DNA profiles will consist 
of a table of genotypes for each of the SNP assays. 
 
The first stage of the data analysis involves extracting the necessary information from the StepOne 
results file and converting it into a format suitable for downstream analysis.  The required format is 
known as ‘GenePop’ format. 
 
File conversion should be undertaken as follows: 
 
1. Open the Excel file named ‘Data conversion_Breed*.xlsm’  
2. Save a copy of this file with a sample specific name e.g. ‘Data conversion_Breed*1.xlsm’.  Continue 

to use this file. 
3. Open the results file (saved as ‘SNPname_test data.xlsx’ above) and use Ctrl+A to select all data 

from that worksheet. Copy the data. 
4. On the ‘Import data’ worksheet place the cursor in cell A1, then paste the copied data into this 

work sheet and save. 
5. The original results file (SNPname_test data.xlsx) can now be closed and from here on the Import 

data worksheet is used. 
6. Highlight the first seven rows and delete them. 
7. Highlight rows containing the negative controls and delete them. 
8. Highlight the rows relating to empy wells (those with no data in columns 5 – 10) and delete them. 
9. Delete columns A, C-H and J-U. 
10. Highlight all of the data, select ‘Sort’, Click onto the ‘Custom Sort’ and order the data according to 

‘Sample ID’.  
11. Copy and paste the list of ‘Sample ID’s’ into column A of the ‘Genotype’ sheet, starting at cell A2. 
12. Copy the SNP name into row 1 (starting at cell B1 for the first SNP entered), of the ‘Genotype’ 

sheet. 
13. Copy the ‘Call’ data for each SNP and paste into the appropriate column of the ‘Genotype’ sheet.  
14. It is worth saving the file at this point and after each subsequent additon to the ‘Genotype’ sheet. 
15. Return to the ‘Import’ data sheet and clear all of the information. 
16. Repeat steps 3-14 for each subsequent SNP assay, ensuring that the data are copied into the 

correctly labelled column on the ‘Genotyping’ worksheet. N.B. Make sure that the sample IDs are 
in the same order for each marker. 

17. Use ‘Ctrl A’ to select all data in the Genotype sheet and remove the words ‘homozygous’ and 
‘heterozygous’ from the data set. 
 

The data in the ‘Genotype’ sheet should now appear in horizontal rows, with each row representing a 
sample (Figure 1). The header row lists the names of the SNPs. 
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Figure 1 Screenshot of the ‘Genotype sheet’ from the Data Conversion Excel file, showing the 
data for six samples.  The header row lists the SNP assay markers in the panel, the first 
column lists the samples.  The DNA results for each sample consist of a two allele call 
for each SNP. This is before the conversion to a number code has taken place.  
(‘Undetermined’ signifies that the assay has failed for a sample at that SNP) (data for 
example purposes only). 

 
18. Highlight the SNP genotype data (i.e. the cells containing the Allele1/Allele2 calls).  Press ‘Control 

+ F’ on the keyboard to bring up the ‘Find/Replace’ dialogue box.  Perform the following 
Find/Replace commands: 

 
Find  Replace 
Allele1/Allele1 ‘0101 
Allele1/Allele2 ‘0102 
Allele2/Allele2 ‘0202 
Undetermined ‘0000    

 
19. Select each sample name cell, one at a time, and add a comma (,) to the end of each sample name 

(see Figure 2). 
20. All of your genotype data, excluding the top row, should autofill into the ‘Genepop Format’ sheet 

into the cell directly below where where it says ‘pop’ in column A. 
21. Save the Excel file. 
22. Save the worksheet as a Tab delimited text file: 

a. Select ‘Save as’. 
b. Select ‘Text (tab delimited)’ from the file type drop down. 
c. Name the file according to the samples within in. Click ‘Save’. 
d. Click ‘OK’ to accept only one worksheet to be saved. 
e. Click ‘Yes’ to accept format. 

23. Close the Excel file, select ‘No’ to saving changes when prompted. 
24. Open the text file and remove the “ marks using ‘Find and Replace’ . 
25. Check that the format agrees with Figure 2. 
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Figure 2 Screenshot of an example of the GenePop format for cod samples, showing the SNP 
list and sample names in the first column and the 4-digit genotype code in rows for 
each sample (data for example purposes only). 
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APPENDIX 6:  
 
Electronic files required to test a specific breed 
 
The following electronic files are required to run a specific scenario. 
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APPENDIX 7:  
 
Worked example of population/breed assignment analyses.  
 
A similar method of analysis can be applied to both population assignment and breed verification 
analyses, by considering a ‘breed’ as a ‘population’. This example is suitable for familiarisation with 
the software ONLY. When analysing real data, please refer to the specific SOP required:  
Defra Project FA0118: Standard Operating Procedure for the genetic identification of cod, hake and 
sole populations using DNA SNP markers.  
Defra Project FA0125: Standard Operating Procedure for the genetic identification of traditional pig 
breeds using DNA SNP markers.  
Defra Project FA0125: Standard Operating Procedure for the genetic identification of traditional cow 
breeds using DNA SNP markers.  
 
This example is run using data produced using the StepOne system and software. Specifics of how to 
program/apply this system are given in Appendices 3 and 5 of the SOP.  
 

 
************ DATA PRESENTED HERE ARE FOR TRAINING PURPOSES ONLY ************ 

 
Five hake were genotyped at 13 SNP loci. All claimed to have originated from the North Sea but are 
suspected to have been caught in Western Europe. The following analyses are conducted under the 
instruction of this SOP with reference to the relevant SOP section given. 
 

RAW DATA PROCESSING Page 8 

 
Sample genotypes were automatically called by the StepOne software. All samples sat within one of 
the three discrete clusters and the results were saved as an .xlsx file (Figure 1). 

 
Figure 1 Output from StepOne genotyping of a single SNP, saved as an .xlsx file. The sample 

tested is identified in column B and the automatic allele call is given in column I. 
 
These data are produced in turn for each of the 13 SNPs required to compare assignment to either a 
North Sea or a Western Europe population. 
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Conversion of output files to GenePop format Page 9 

 
For each SNP, the allele calls are entered into a table (Genotype sheet in the Data 
conversion_Hake.xlsx workbook), producing a genotype profile for each individual tested (Figure 2). 

 
Figure 2 Screenshot of the ‘Genotype sheet’ from the Data Conversion Excel file, showing the 

data for five samples.  The header row lists the SNP assay markers in the panel, the 
first column lists the samples.  The DNA results for each sample consist of a two allele 
calls for each SNP. This is before the conversion to a number code has taken place.  
(‘Undetermined’ or signifies that the assay has failed for a sample at that SNP). 

 
 
The allele call data and Sample ID are automatically transferred into the ‘Genepop format’ worksheet 
in the Data conversion_Hake.xlsx file (Figure 3) and the file is saved in Excel workbook format, with a 
new file name. 
 

 
 
Figure 3 Sample IDs and genotype data (excluding the top row of SNP names), copied and 

pasted into the ‘Genepop Format’ sheet of the same workbook. Individual entries 
start in the cell directly below where where it says ‘pop’ in column A. 

 
 
A Find/Replace function is used to make the following replacements and a ‘,’ is added after each of 
the Sample Ids. (Note: the use of a ‘ before entering 0101 retains the ‘0’ at the start of the genotype): 

 
Find           Replace 
Allele1/Allele1     ‘0101 
Allele1/Allele2  ‘0102 
Allele2/Allele2      ‘0202 
Undetermined      ‘0000 
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The resulting ‘Genepop format’ Excel spreadsheet is then saved as a text file and re-opened in a text 
editor. The Data conversion_Hake file is then closed and from the text file, ‘ and “ marks are removed. 
The resulting text file should have the following format: 
 

 
 
Figure 4 Genepop format saved as a tab delimited, text file. Under a title row, the SNP list and 

sample names are listed in the first column and the 4-digit genotype code in rows for 
each sample. 

 
 
This data should be saved in a ‘Geneclass Input’ folder as a .txt file. At this point, a GeneClass output 
file can also be created to store the results file exports in. 
 

GeneClass2 software Page 12 

 
Save a copy of the ‘Hake(NS_WESTEUR)_Reference genotypes_Genepop.txt’ (supplied with this SOP) 
in the GeneClass input folder. DO NOT make any changes to this file. 
A copy of the ‘Hake_Analysis sheet’ is also saved in the ‘GeneClass output’ folder, created above. 
The Geneclass software is opened and the relevant reference genotypes (in this case 
‘Hake(NS_WESTEUR)_Reference genotypes_Genepop.txt’) and query data are loaded in the 
Reference populations and Samples to be assigned boxes, respectively. The application parameters 
are check to ensure that they match those given in the SOP and the ‘START’ button is pressed. 
The results screen shown in Figure 5 reveals that four out of the five Hake samples tested are all 
assigned to the North Sea (NTH_SEA). This means that the population of origin has been verified and 
no further analyses are required (see page 17 of SOP for interpretation). The results are saved in the 
‘GeneClass output’ folder, created above, as e.g. Hake Run 1.txt by pressing the ‘Export’ button at the 
top right hand side of the screen. This allows the results to be saved as a text (.txt) file that will be 
required later in the analysis. 
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Figure 5 The GENECLASS2 results page (top) shows the test sample number, mostly likely 

population assignment (e.g. NTH_SEA for sample /Hake 1) and export function. Hake 
4 has been assigned to the WEST_EUR (Rank 1) and the associated likelihood value is 
highlighted (3.869). 

 
 
However, contrary to the claim that sample originated from the North Sea, GeneClass has identified 
WESTERN_EUR as the most likely source of sample ‘Hake 4’ and therefore further analyses need to be 
undertaken as this is not the claimed population of origin. 
Using the same input files and returning to the ‘Parameters’ tab in GeneClass, the ‘Criteria for 
computation’ and ‘Probability computation’ settings can now be adjusted as detailed in Step 14 (page 
13) of the SOP.  
The analyses is run (by pressing START) and the results are output on the screen illustrated in Figure 6 
(again the results are saved by using the Export button). For each sample the software shows the 
exclusion probability associated with the most likely population identified as ‘Rank 1’ in the first 
analysis (Figure 6). If this value is less than 0.01 then the true population from which the sample 
originated is not in the reference dataset (see page 17 of SOP for interpretation).  
For Hake 4 the probability is given as 0.736 for the WEST_EUR population (that was identified as Rank 
1) and so the analysis continues to calculate the probability that the sample originated from the 
population identified by GeneClass (i.e. WEST_EUR). The data is saved as ‘Hake Probability.txt’ in the 
Geneclass output folder. 
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Figure 6 Results showing the exclusion probability associated with the most likely population 

(WEST_EUR). As this is NOT less than 0.01, ans therefore the analysis continues. 
 

Excel Spreadsheet Analysis Page 15 

 
The results text file ‘Hake Run 1’ is opened in Excel and the ‘Text-to-columns’ function used to order 
the data (delimited by ‘;’) (Figure 7). 
 
 

 
 
Figure 7 Likelihood results opened using Excel. The log likelihood values, –log(L), are given for 

each of the populations present in the reference dataset.  
 
 
The ‘Hake_Analysis sheet’ is also opened from the ‘GeneClass output’ folder. It is important NOT to 
make any changes to the ‘Calculation’ or ‘Power’ sheets in this workbook!  
 
The –log(L) values for both the claimed population of origin (i.e. NTH_SEA, 7.306) and the population 
identified by GeneClass (i.e. WEST_EUR, 9.199) are entered into the appropriate cells in Table A on 
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SHEET 1 of the ‘Hake_Analysis sheet’ workbook (Figure 8). Entering these values allows the 
spreadsheet to automatically calculate the likelihood ratio (LR) for the scenario. 
 

 
Figure 8 The –log(L) for the population identified in GeneClass is entered into cell C3 and the –

log(L) for the claimed population is entered into cell H4. The resulting likelihood ratio 
is given in cell C8. 

 
 
The proability for the test sample originating from the population identified in GeneClass is 
automatically calculated in Table B of the same worksheet. The correct probability should be read 
from the table and entered into cell G25 on the worksheet. All other values given in the table are 
meaningless so it is important to ensure that the correct value is extracted from the table (see Figure 
9). In this case, the claimed population was the North Sea and the population identifed by GeneClass 
was Western Europe so the correct probability is 0.998549753. 

 
 
Figure 9 The probabilities associated with population assignment.  
 

Interpretation Page 17 

 
Where the probability value is less than 1, this means that the distribution of genetic variation 
observed in the two populations may overlap for the DNA result observed in the test sample.  The 
probability value indicates the level of certainty with which it can be concluded that the sample 
belongs genetically to the alternate population, rather than the claimed population. 
 
In this case, the probability suggests that GeneClass has identified the correct popualtion of origin and 
the sample actually originated from the Western Europe population rather than the North Sea, as was 
claimed. 
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APPENDIX IIIb (Cow SOP):  

 

Final version of the SOP for identification of traditional cow breeds. 

 

 

 

DEFRA project FA0125 
 

STANDARD OPERATING PROCEDURE (SOP) 

August 2014 
 

STANDARD OPERATING PROCEDURE FOR THE GENETIC IDENTIFICATION OF TRADITIONAL 
COW BREEDS USING DNA SNP MARKERS 

 
 
 
 
 

Prepared by Rob Ogden & Gill Murray-Dickson, of TRACE Wildlife Forensics Network,  
on the 30th July 2014 
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1. HISTORY / BACKGROUND 

The production and sale of meat from traditional cow breeds in the United Kingdom represents a niche 
premium market that relies on the strength of the traditional-breed brand to achieve higher market 
value. There is a financial incentive to unscrupulous meat producers and retailers to substitute meat 
from other cheaper breeds, thereby defrauding the consumer and competing unfairly against genuine 
traditional meat producers. There is a need for the UK authorities to be able to authenticate the breed 
of origin of meat labelled by breed, in order to deter mislabelling and potentially prosecute deliberate 
fraudsters.   

Animals, their parts and derivatives can be identified using molecular genetic markers termed Single 
Nucleotide Polymorphisms (SNPs). The Standard Operating Procedure (SOP) described here is the 
result of Defra project (FA0125); to develop a set of SNP genotyping assays capable of authenticating 
cow meats sold by traditional breed. 

 

2. PURPOSE 

The purpose of this SOP is to provide a cow breed authentication method to laboratory investigators 
that have the capacity to perform SNP genotyping assays.  

 

3. SCOPE 

This method is suitable for the qualitative identification of DNA (deoxyribonucleic acid) belonging to 
the following traditional cow breeds: 
 

- Welsh Black 
- Traditional Hereford 

 
The assay is designed to work with raw meat. It is not suitable for the identification of complex meat 
products containing DNA from multiple breeds. 
 

4. DEFINITIONS AND ABBREVIATIONS 

DNA   Deoxyribonucleic acid 

PCR   Polymerase Chain Reaction 

SOP   Standard Operating Procedure 

UV   Ultraviolet 

 

5. PRINCIPLE OF THE METHOD 

From a biological perspective, breed identification is equivalent to population assignment.  
Populations can be defined as groups of individuals that share greater genetic similarity with each 
other than they do with members of other populations. DNA markers can be used to differentiate 
populations, or breeds, and assign unknown samples to their correct population or breed of origin. By 
targeting these markers during genetic analysis, it is possible to identify the breed of an unknown 
sample. The method presented here consists of three principal stages: i) DNA extraction, ii) SNP 
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genotyping, iii) data analysis and breed exclusion. Briefly, DNA is extracted from unknown beef 
samples using standard laboratory protocols. A panel of SNP genotyping assays are then employed to 
generate genotypes for 10 SNP markers. The resulting genotypes for the unknown sample are 
combined to form a profile and this is submitted for analysis against a reference data set containing 
multiple traditional breed genotypes. The analysis assigns the unknown sample to the most likely 
breed and generates a probability of belonging to that breed relative to the claimed breed. 

It is assumed that the person performing this SOP is familiar with standard genetic analysis techniques 
and molecular laboratory practice. This SOP is NOT intended to provide guidance on how to use a 
real-time PCR machine. 

 

6. MATERIALS AND EQUIPMENT 
 
N.B. Batch numbers of kits used must be recorded 
 
6.1 Water 

General use:  Distilled or de-ionised water 
PCR procedures:  Sterile, DNase-, RNase- and Protease-free water  

e.g. Fisher Scientific DNA free water, product code: BPE2470-1 
 

6.2 Solutions, standards and reference materials 

1. Reference DNA: 
Positive control reference DNA for each SNP genotype used in the breed-specific SNP panel (up 
to two controls per genotype) (see Appendix 1 for details). 
 

6.3 Commercial kits 

DNA Extraction 

The method has been validated using QIAGEN spin-column technology, via manual (DNeasy Blood & 
Tissue Kit, Qiagen - Product code 69504) and automated (QIAcube, Qiagen) processes. DNA extraction 
kits from other suppliers must be shown to be appropriate before use. 

KASPar® SNP genotyping probes and reagents 
 
This product is custom made by LGC Genomics. The SNP primers are re-ordered from LGC using the 
Aliquot Barcode reference numbers given in Appendix 2 (Table b). The mastermix can be ordered from 
LGC (Product description: KASP V4.0 2X Mastermix 96/384, 5,000 x 10 µL reactions (25 ml), either Std 
Rox or High Rox (depending on the platform used).  
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The following SNP assays are required for each breed-specific panel: 

 

6.4 Plastic ware 

The following items of plastic ware are required (It is essential that all plastic ware is sterile before 
use): 
 

Item Detail Supplier Product code 

1 96 Well Plate Optical ABI  

2 PCR film lid Optical  ABI  

3 Pipette tips (filtered) 10, 20 and 200μl Starlab S1120 

 
6.5 Equipment 

The following items of equipment are required to undertake the analysis. Alternative 
suppliers/models are available for each item. These must be shown to be appropriate before use. 

Optional items are referenced in the procedures and should be included in the SOP whenever possible.   

Item Detail Example supplier Product code 

1 Precision pipettes delivery of 1-200μl Starlab G8900 

2 Bench top vortex  Labnet VX-100 

3 Micro centrifuge to hold 1.5 ml tubes Eppendorf 5452 

4 Thermal mixer to hold 1.5 ml tubes Eppendorf 5355 

5 Real-time PCR machine 
capable of end-point 
reads 

e.g. ABI 7500,7900 or 
StepOne system 

ABI  

6 DNA Quantifier Accurate to +/- 1ng Nanodrop ND1000 

Optional    

7 Laminar flow hood  PCR Workstation Gelman  
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6.6 Other materials 

Disposable plastic gloves, sterile dissection equipment 
 
6.7 Electronic Files / Computer Software 

The following electronic files and computer software are required as part of the method: 
 

a) Microsoft Excel (version 2003 or later) 
b) GENECLASS2 population genetic software 
c) Text files: Breed*_Reference genotypes.txt 
d) Excel file: Data conversion_Breed*.xlsx 
e) Excel file: Breed*_Analysis sheet.xlsx 
f) Excel file: Trad Cow Breed_SNP info.xlsx 

 
*Breed refers to a breed-specific file e.g. ‘Welsh Black(WB)_Reference genotypes.txt’ for Welsh Black 
reference genotypes.  

7. PROCEDURES 

It is essential to wear disposable plastic gloves during all procedures and to use pipette tips that are 
sterile and fitted with filters. 
 
7.1 Sample Preparation 

All samples should be stored frozen at -20oC until processed. Samples can be stored frozen indefinitely. 
Prior to processing, thaw samples at room temperature.   
 
The external surfaces of samples submitted for analysis may have been affected through preservation 
treatments or bacterial breakdown.  Where possible, obtain subsamples for DNA extraction from the 
least degraded area of tissue in order to minimize contaminant DNA and DNA degradation. This will 
typically mean removing outer layers of tissue in contact with the environment before taking a 
subsample.  Use sterile dissection equipment where appropriate. 
 
7.2 DNA Extraction 

Materials: 
The extraction should be carried out using Qiagen spin-column chemistry, following the 
manufacturer’s protocol. When using the Qiagen ‘DNeasy Blood and Tissue Kit’, the procedure is as 
follows: 
 
Procedure: 
1. Cut up approx. 25 mg tissue into small pieces and place into a 1.5 ml tube. 
2. Include an empty 1.5 ml tube as an extraction control. This is treated following the same 

procedure and carried through to the PCR stage (7.3). 
3. Add 180 μl Buffer ATL (tissue lyser). 
4. Add 20 μl proteinase K and vortex for 15 seconds. 
5. Incubate in a thermal mixer at 56°C for 2 hours. 
6. Vortex for 15 seconds. 
7. Add 200 μl Buffer AL (cell lyser) to the sample and vortex for 15 seconds. 
8. Add 200 μl 100% ethanol and vortex for 15 seconds. 
9. Pipette the mixture into a DNeasy Mini spin column placed in a 2 ml collection tube. 
10. Centrifuge at 8000 x g for 1 minute 
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11. Discard the eluate and replace the collection tube. 
12. Add 500 μl Buffer AW1 (wash 1). 
13. Centrifuge at 8000 x g for 1 minute 
14. Discard the eluate and replace the collection tube. 
15. Add 500 μl Buffer AW2 (wash 2). 
16. Centrifuge at 13,000 x g for 3 minutes 
17. Discard the eluate and collection tube.  Place the spin column in a 1.5 ml tube. 
18. Pipette 100 μl Buffer AE (elution) directly onto the spin column membrane. 
19. Incubate at room temperature for 1 minute 
20. Centrifuge at 8000 rpm for 1 minute to elute DNA. 
21. Discard the spin column, close the tube and store the eluate containing DNA at 4oC for up to 

one week or in a freezer (-20oC) long term. 
22.  DNA extract quantification.  Extracted DNA must be quantified to assess the extraction process 

and enable normalisation of DNA concentration.  DNA should be diluted to 20-50 ng / μl* using 
DNA-free water. 

 
*As quantified using ThermoScientific Nanodrop instrumentation. Concentrations of 5-20 ng / μl may 

be used when quantifying using Qubit Fluorometric quantitiation. 
 
Controls: 
A negative extraction control should be run in parallel with all batches of extracted sample. 
 
7.3 SNP Genotyping  

Details of this section specific to use with the StepOne system can be found in Appendix 3. For all other 
instruments and software, the following protocol applies and software should be set to reflect the 
conditions given under bullet point 4 of the PCR PROTOCOL: 
 
Materials: 
KASPar® custom genotyping assays 
KASPar® Master Mix 
 
DNA from test samples: 5 μl volume at approximately 20-50 ng/μl*  
Positive control DNA: 5 μl volume at 20-50 ng/μl* 
 
*As quantified using ThermoScientific Nanodrop instrumentation. Concentrations of 5-20 ng / μl may 

be used when quantifying using Qubit Fluorometric quantitiation. 
 
PCR Protocol: 
 

1. The KASPar® mastermix is ordered at a 2x stock concentration. The volumes given below are 
sufficient for one sample only.   
 

2. Prepare each PCR reaction as follows: 
 

Reagents for one sample   
2x Master Mix   5.0 µl   
KASPar®Primer mix      0.14 µl   
Template DNA (20-50ng/μl)      5.00 µl  
Total        10.14 µl 
 
Quantities of Master Mix and Primer mix should be multiplied according to the number of 
samples being run. Where a robotic workstation is used to set up PCR reactions, ensure 
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sufficient mastermix is allowed to accommodate the workstations requirements. For example, 
to prepare sufficient reagents for 10 samples:  
 

- Dispense 50 µl Master Mix  
- Add 1.4 µl KASPar®Primer mix  
- Mix well  
- Aliquot 5.14 µl of Master/Primer mix into individual reaction tubes. 
- Add 5 µl of each DNA template to individual wells. 
- Mix well. 

 
3. Six positive control samples (representing two each of the three possible genotypes), one non-

template and a negative control should be included alongside each SNP assay. Duplication of 
the controls allows for a contingency in case of a sample failure. Sterile water (as described in 
section 6.1) is used as a non-template. 
 

4. Run samples on a real-time PCR machine capable of end-point reads. Ensure the following 
conditions are applied during set up of the software that will record end-point reads: 

 

 Enter new experiment name. 

 Modify sample names to represent the individual well locations of each sample. 

 Adjust dye for allele call to:  
 

SNP FAM HEX (VIC) 

All SNP loci Allele 1 Allele 2 

 

 Change ‘Quencher’ box to read ‘None’. 

 Enter the total number of samples. 

 Enter the number of positive controls and set their well locations. 

 Enter the number of negative and non-template controls for each SNP assay. 
 
Adjust the thermal profile, to the following conditions: 

 

Hold (Hot start activation) 15 minutes 94 °C 

10 cycles of:   

Denature 94 °C 20 seconds 

Anneal/Extend 61 °C  
reduce by 0.6 °C per cycle  

60 seconds 

29 cycles of:   

Denature 94 °C 20 seconds 

Anneal/Extend 55 °C 1 minute 

Finally:   

Hold (Read fluorescence) 20 °C 20 seconds 

 
 
Raw data processing: 
 
Following completion of the PCR run, fluorescence is read and sample genotypes may be called 
automatically by the software (a worked example of the data analysis using StepOne instrumentation 
is given in Appendix 7). Genotypes are displayed in a plot format, and points should form three distinct 
clusters representing the three possible genotypes of each assay (homozygote 1, heterozygote, 
homozygote 2). The clusters may be coloured according to the automatic calls made by the software 
algorithms and the results also given in table format. Any sample that is not called automatically will 
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be shown as a black cross on the plot and on the corresponding table view. Non-template and negative 
controls (represented by a black square) should cluster together and be positioned in the bottom, left-
hand corner of the plot, showing that no amplification has occurred and therefore no signal is 
produced. 
 
Where a sample has not been called automatically, it may be manually assigned to a cluster. This 
should only be done if the correct cluster to which the sample belongs is unambiguous from its 
position on the plot. See Appendix 4 for examples of Allelic Discrimination plots. 
 
If the assay has failed, samples will not have amplified and will not be called. If the control samples in 
a run fail to amplify successfully, the whole run will need to be repeated for all samples. Inspect the 
plate to ensure there are no problems such as evaporation of sample. If test samples fail, but the 
control samples amplify correctly, those samples should be repeated (if this occurs it is worth re-
quantifying the samples DNA and ensuring that it is normalised to the control DNA). 
 
Save allele calls as either an Excel (.xslx) or a text (.txt) file. 
 
7.4 Data analysis 
 
ANALYSIS SECTION A 
 
Conversion of output files to GenePop format 
 
Details of this section specific to use with the StepOne systems can be found in Appendix 5. For all other 
instruments and software output files, the following guide applies: 
 
The first stage of data analysis involves extracting the necessary information from the genotyping 
results file and converting it into a format suitable for downstream analysis.  The results file exported 
from the software contains a DNA genotype for each sample, at each SNP tested.   
 
The genotype is expressed as a call of either FAM/HEX or Allele1/Allele2, for each individual at each 
SNP. Use the information in the PCR protocol (section 7.3) and/or the dye information in Appendix 
2 to ensure that the data for analysis is scored in the same way as the reference dataset. The aim is 
to create a DNA profile that will consist of a table of genotypes for each of the SNP assays, and the 
required format is known as ‘GenePop’ format.  
 
The data should first be organised in horizontal rows, with each row representing a sample and each 
column, a SNP locus (Figure 1).  The header row lists the names of the SNPs. Use the ‘Genotype sheet’ 
in the appropriate ‘Data Conversion_e.g. WelshBlack.xlsx’ workbook to ensure the data is arranged in 
this way. 
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Figure 1 Screenshot of the ‘Genotype’ sheet from the Data Conversion Excel file, showing the 

data for six samples. The header row lists the SNP assay markers in the panel and the 
first column lists the samples. The DNA results for each sample consist of a two-allele 
call for each SNP, before the conversion to a number code has taken place.  
(‘Undetermined’ or ‘UND’ signifies that the assay has failed for a sample at that SNP) 
(data used here is for example purposes only and allele calls are given as 
Allele1/Allele2 rather than FAM/HEX). 

 
 
1. DO NOT MAKE ANY CHANGES TO THE GENEPOP FORMAT SHEET IN THIS WORKBOOK. This sheet 

will autofill based on the information completed in the ‘Genotype’ sheet. 
 

2. Within the ‘Genotype’ sheet, highlight the SNP genotype data (i.e. the cells containing the 
FAM/HEX or Allele1/Allele2 calls). For each SNP in turn, press ‘Control + F’ on the keyboard to 
bring up the ‘Find/Replace’ dialogue box.  Perform the following Find/Replace commands for all 
SNP loci:  

 
Find           Find   Replace 
Allele1/Allele1     or FAM/FAM  ‘0101 
Allele1/Allele2     or FAM/HEX  ‘0102 
Allele2/Allele2     or HEX/HEX  ‘0202 
Undetermined     or UND   ‘0000    

 
3. Select each sample name cell, one at a time, and add a comma (,) to the end of each sample name 

(see Figure 2). 
4. Save the Excel file with a new name. 
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Figure 2 Screenshot of an example of the GenePop format,, showing the SNP list and sample 
names in the first column and the 4-digit genotype code in rows for each sample (data 
for example purposes only). 

 
 
5. On the ‘Genepop’ format worksheet autofill cells are available for up to 40 samples. If FEWER 

samples are being analysed, remove excess 0’s from unused rows of the worksheet before saving. 
6. Save the ‘Genepop format’ worksheet as a Tab delimited text file: 

a. Select ‘Save as’. 
b. Select ‘Text (tab delimited)’ from the file type drop down. 
c. Name the file according to the samples within in. Click ‘Save’. 
d. Click ‘OK’ to accept only one worksheet to be saved. 
e. Click ‘Yes’ to accept format. 

7. Close the Excel file, select ‘No’ to saving changes when prompted. 
8. Open the text file and remove the “ marks using ‘Find and Replace’ . 
9. Check that the format agrees with the ‘GenePop’ format shown in Figure 3. 
 

 
 

Figure 3 Screenshot of an example text file in Genepop format, showing the SNP list and 
sample names in the first column and the 4-digit genotype code in rows for each 
sample (data for example purposes only). 



 Defra Breed Verification Project (FA0125) 
 

Appendix IIIb SOP Page 12 of 36 

ANALYSIS SECTION B 
 
GeneClass software 
 
In order to perform the statistical assignment of the test sample to a breed it is necessary to use the 
population genetic software package, GENECLASS2.   
 
GENECLASS2 is available to download for free from: http://www.ensam.inra.fr/URLB/. 
 
1. Download the set-up file from the webpage (normally the English Windows version) 
2. Install the program in an appropriate folder. 
 
The program is used to calculate the likelihoods associated with the test sample originating from each 
of the breeds in the reference data.  Both the reference data and the test sample data need to be 
inputted into the GENECLASS2 programme. See Appendix 6 for details of the relevant files needed to 
test each specific scenario for a given breed. 
 
3. Create two folders, one named ‘Geneclass input’, the other named ‘Geneclass output’. 
4. Copy the relevant breed ‘Breed*_Reference genotypes.txt’ file that is relevant to the claimed 

breed being tested, into the ‘Geneclass input’ folder. Do not make any changes to the reference 
population data file. 

5. Copy the test-sample text file generated from the ANALYSIS SECTION A into the ‘Geneclass input’ 
folder. 

6. Copy the relevant ‘Breed*_Analysis sheet.xlsx’ file into the Geneclass output folder. 
7. Open the GENECLASS2 software by double-clicking on the programme icon. By default, the 

programme will open on the ‘Parameters’ tab (top left of screen) 
8. Load the reference data by clicking on the ‘Open’ button to the right of the ‘Reference population’ 

bar (Figure 4).  Select the ‘Breed*_Reference genotypes.txt’ from the Geneclass input folder you 
have created.  
 

 
 
Figure 4  Screenshot of GENECLASS2 software opening page, showing reference and test file 

dialogue boxes, main and method tabs and analysis start button (data for example 
purposes only). 
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9. Load the appropriate test sample by clicking on the ‘Open’ button to the right of the ‘Sample to 

be assigned’ bar  (Figure 4). Select the test sample text file you saved within the Geneclass input 
folder you have created. 

10. Method: Within the ‘Parameters’ tab, there are four tabs that relate to the method.  
a. Tab 1) ‘Computation goal’.  

i. Ensure that  the ‘Assign / exclude population as origin of individuals’ box is 
checked.   

ii. Ensure that the ‘Assign: Individuals’ box is checked 
iii. Ensure ‘Assignment threshold’ bar is set to 0.05 

b. Tab 2) ‘Criteria for Computation’. 
i. Ensure that  the ‘Bayesian method: Rannala & Mountain’ box is checked 

c. Tab 3) ‘Probability Computation’ 
i. Ensure that no boxes are checked 

d. Tab 4) ‘Locus selection’ 
i. Ensure that all boxes are checked 

11. Press the ‘Start’ bar at the bottom. 
 
The programme should only take a few seconds to run.  On completion, the screen will display the 
‘Results’ tab (Figure 5).  There should be one line of data per sample with your sample file names on 
the left hand side.   
 
12. Examine the number of SNPs used under the ‘Nb loci column’. 
 

DECISION: 
If the number of loci used is less than the panel total, the test is assumed to have failed and 
should be re-run.  
 

 
 
Figure 5  Screenshot of GENECLASS2 results page showing test sample number, mostly likely 

breed assignment (e.g. Non-WelshBlack for sample B2) and export function (data for 
example purposes only).  

 
 
13. Examine the breed code listed under the Rank 1 column header. 
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DECISION: 
If this breed co 
de matches the traditional breed of origin that is being claimed for the sample, the claim has 
been verified and the analysis is complete.  GO TO 7.5 - Interpretation. 
 
If this breed code indicates that the sample is not of the claimed breed, subsequent statistical 
analysis needs to be undertaken. Continue with this SOP. 

 
14. In the ‘Results’ tab, click on ‘Export’ and save the file (as a .csv file type) to the Geneclass output 

folder you have created, using the test sample name as the file name, e.g. ‘test_sample.csv’ 
15. Return to the ‘Parameters’ tab.  The analysis needs to be re-run with a different method, as 

follows: 
a. Tab 1) ‘Computation goal’.  

i. Ensure that  the ‘Assign / exclude population as origin of individuals’ box is 
checked.   

ii. Ensure that the ‘Assign: Individuals’ box is checked. 
iii. Ensure ‘Assignment threshold’ bar is set to 0.05. 

b. Tab 2) ‘Criteria for Computation’. 
i. Ensure that  the ‘Bayesian method: Rannala & Mountain’ box is checked 

c. Tab 3) ‘Probability Computation’ 
i. Ensure that ‘Enable probability calculation’ box is checked. 
ii. Ensure that ‘Paetkau et al 2004’ box is checked. 

iii. Ensure that ‘No. Simulated individuals’ = 1000 and ‘type I error (alpha)’ = 0.01. 
d. Tab 4) ‘Locus selection’. 

i. Ensure that all boxes are checked. 
16. Press the ‘Start’ bar at the bottom. 

 
The programme will take a little longer (~15-20 seconds) to run.  On completion, the screen will display 
the ‘Results’ tab, slightly different to the previous one (Figure 6).  There should be a single line of data 
with your test sample file name on the left hand side.   
 
The first column of data (immeditely to the right of the sample name) shows the probability associated 
with the claimed breed.  
 

DECISION 
If this probability is less than 0.05, it indicates that the claimed breed can be excluded as the 
breed of origin. 
 
If this probability is greater than 0.05, then the analysis should proceed, following the SOP. 

 
17. Close the GENECLASS2 programme.  Proceed to Analysis Section C. 
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Figure 6 Screenshot of GENECLASS2 results page showing test sample number and the 

probability associated with the claimed breed. If this probability is greater than 0.05, 
then the analysis should proceed. If this probability is less than 0.05, it indicates that 
the true breed of the sample is not the claimed breed (data for example purposes 
only). 

 
ANALYSIS SECTION C 
 
Excel Spreadsheet Analysis 

 
1. Open a new Excel spreadsheet. 
2. From the ‘Data’ tab, select ‘import from text file’. 
3. Select the sample file from the Geneclass output folder you created in step 13 of Analysis Section 

B (e.g. test_sample.csv). 
4. In the dialogue box, select the ‘Delimited’ box, then click ‘Next’. 
5. Select ‘semicolon’ as the only ‘Delimiter’. 
6. Select ‘none’ from the ‘text qualifier’ drop down, then click ‘Next’. 
7. Click ‘Finish’, then Click ‘OK’ on the next box. 
The data should now be entered into the Excel spreadsheet and look similar to the example in Figure 
7 (data for example purposes only). 
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Figure 7 Example of successfully imported GENECLASS2 data within Excel.  The sample name, 

most likely breed and -log likelihood scores are highlighted (data for example 
purposes only). 

 
 
8. Save the Excel file in the Geneclass output folder.  Keep the Excel file open. 
9. Open the Excel file named ‘Breed*_Analysis sheet.xlsx’. 
10.  Save a copy of the Analysis Sheet using the test sample name in the file name.  Continue working 

with this copy.  Close the original master copy. 
 
The ‘Breed*_Analysis sheet.xlsx’ file contains three worksheets.  Do NOT make any changes 
to these worksheets, other than described in the following instructions. 
 

11. From the Geneclass output file created at (step 8), copy the value in the ‘-log(L)’ column that 
relates to the ‘Rank 1’ breed in Column B for the misassigned sample (for example, in Figure 7, 
this would be the ‘-log(L) value for the non-Welsh Black, 5.735 in cell I18) (data for example 
purposes only). 

12. Paste this value into the corresponding cell in Column C on SHEET 1, Table A in the Analysis sheet 
(Figure 8). 
 

 
 

Figure 8 Screenshot of Table A from the Analysis sheet. –log(L) values have been entered for 
the most likely breed (Non-Welsh Black) and for the claimed breed (Welsh Black) (data 
for example purposes only). 

 
13. From the Geneclass output file created at (8), copy the value of the ‘-log(L)’ column from the 

claimed breed (for example, in Figure 7, if the claimed breed was Welsh Black, this would be the 
value of 24.076 in cell H5 (data for example purposes only). 

14. Paste this value into the corresponding cell in Column H on Sheet 1, Table A of the Analysis sheet 
(Figure 8). 
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15. Check: On the Analysis sheet, a value for the likelihood ratio should now appear in cell C9. 
16. The appropriate probability for the test sample being from the breed identified in GENCLASS2, 

rather than the claimed breed, is provided in Table B. The relevant probability should be copied 
from Table B and pasted (paste special – paste values) into the ‘Result’ box in cell G19 For example, 
the probability for a sample that claimed to be the Berkshire breed, but which GENECLASS2 
analysis identified as a non-Berkshire sample, should be copied from cell D14 of Table B (Figure 9) 
(data for example purposes only).  

17. Save the Analysis file. STOP. GO TO 7.5 – Interpretation. 
 

 

 
 
Figure 9 Table B showing probabilities associated with breed assignment. For a sample claimed 

to be of Welsh Black origin but identified during analysis as not being Welsh Black, the 
relevant probability is found in cell D14 (outlined in red) at the intersection of these 
populations. The probability value of 0.999547432, indicates that it is extremely likely 
that the sample is from a non-Welsh Black breed, given its claim (data for example 
purposes only). 

  
Note that all other values in Table B are meaningless. 
 
7.5  Interpretation 
 
The data relating to the test sample has now been processed. There are three possible outcomes. 
 

1) The GENECLASS2 analysis identifies the claimed breed as the most likley source of the 
sample. 
In this event, breed of origin has been verified. 
 

2) The GENECLASS2 analysis identifies an alternate breed as being most likely, and the 
probability associated with the target breed in GENECLASS2 (Figure 6) is less than 0.05. 
In this event, the claimed breed can be excluded as the breed of origin, however no other 
breed can be identified as the true source of the sample. 
 

3) The GENECLASS2 analysis identifies the ‘alternative breed’ (P>0.05). The subsequent Excel 
spreadsheet analysis compared the relative likelihoods of the claimed breed and alternative 
breeds and calculated a probability. 
This probability is sample-specific and takes into account the possibility of samples from other 
breeds being mistakenly identified as originating from the claimed breed.   
 
Where the probability value is 1, this means that the distribution of genetic variation observed 
in the two breeds does not overlap for the DNA result observed in the test sample. It can be 
concluded that the sample must belong genetically to an alternative breed, rather than the 
claimed breed. 
 
Where the probability value is less than 1, this means that the distribution of genetic variation 
observed in the two breeds may overlap for the DNA result observed in the test sample. The 
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probability value indicates the level of certainty with which it can be concluded that the 
sample belongs genetically to an alternative breed, rather than the claimed breed. 

 
7.6 Quality Assurance 
 
Extraction Control 
This is included to check for extraction kit contamination.  Only negligible DNA should be detected 
during quantification (<2 ng/µl). If significant levels of DNA are detected, sterilize all equipment and 
repeat the DNA extractions.  
 
Negative and non-template SNP Assay Control 
These are included to check for background laboratory contamination. No SNP genotypes should be 
produced. 
 
Positive SNP Assay Control 
The profile generated from the positive controls should match the control population. If a mismatch 
is detected, it is likely the SNP genotyping assay has not run correctly.   
 
Repeat SNP Assay Control 
One sample, or the positive control, should be run twice to ensure that the genotypes produced are 
identical among sample replicates 
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8. APPENDICES 

The following pages contain information relating to: 
 

1. Positive controls 
 2. Kaspar® reorder codes 
 3. Protocol section 7.4 for StepOne system 
 4. Allelic discrimination plot examples 
 5. Protocol section 7.4: Analysis for StepOne system 
 6. Electronic files index 
 7. Worked example 
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APPENDIX 1:  
 
List of positive genotype control samples for each SNP. 
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APPENDIX 2:  
 
KASPar® aliquot barcode reference numbers 
 

(a) Breed-specific panel requirements: 
 

 
 
SNP primers can be ordered directly from LGC Genomics (http://www.lgcgenomics.com/), quoting 
the customer number 1249.27 (order codes on following page). 
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(b) SNP order codes: 
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APPENDIX 3:  
 
Protocol section 7.4: PCR Protocol and Raw Data Processing applied to use of StepOne system and 
software. 
 
PCR PROTOCOL 
 

1. The KASPar® mastermix is ordered at a 2x stock concentration. The volumes given below are 
sufficient for one sample only. 
 

2. Prepare each PCR reaction as follows: 
 

Reagents for one sample   
2x Master Mix      5.0µl   
KASPar®Primer mix      0.14µl   
Template DNA (20-50 ng/ul)      5.00µl  
Total        10.14 µl 
 

3. Two positive control samples representing each of the three possible genotypes and two non-
template controls should be included alongside each SNP assay. Positive control DNA will be 
provided by TRACE and sterile water (as described in section 6.1) is used as a non-template. 
 

4. Run samples on an real-time PCR machine capable of end-point reads: 
 
Example of software setup for a new experiment using StepOne software:  
(StepOne™ and StepOnePlus™ Software v2.3, downloadable from 
http://www.lifetechnologies.com/uk/en/home/technical-resources/software-downloads/StepOne-
and-StepOnePlus-Real-Time-PCR-System.html) 
 
1. Open StepOne software and select ‘New Experiment’ tab from top left corner. 
2. Enter new experiment name. 
3. Select ‘96-well plate’ or ’48-well plate’ option (depending on block size in use). 
4. Select ‘Genotyping’ option. 
5. Click ‘Next’. 
6. On ‘Define Methods and materials’ page: 

 Set Reagents to ‘Other’  

 Set Template type as ‘Wet DNA (gDNA or cDNA) 

 Set RampSpeed to ‘Standard (~ 2 hours to complete run). 
7. Ensure that the ‘Pre-PCR read’ box at the bottom of the page is un-checked. 
8. Leave ‘Amplification’ box checked. 
9. Click ‘Next’. 
10. On the ‘Set up assay’ page select ‘No (set up SNP assay manually)’ option. Modify allele names 

and leave colour options as default settings.  
11. Adjust dye for allele call to:  

 

SNP FAM HEX 

All SNP loci Allele 1 Allele 2 

 
12. Change both ‘Quencher’ boxes to read ‘None’. 
13. Click ‘Next’. 
14. On the ‘Set up samples’ page: 

http://www.lifetechnologies.com/uk/en/home/technical-resources/software-downloads/StepOne-and-StepOnePlus-Real-Time-PCR-System.html
http://www.lifetechnologies.com/uk/en/home/technical-resources/software-downloads/StepOne-and-StepOnePlus-Real-Time-PCR-System.html
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 Enter the total number of samples (including all positive controls and 
excluding all negative controls). 

 Enter the number of positive controls as 0. 

 Set the number of replicates to ‘1’. 

 Under ‘Which samples to set up’ select ‘All sample/SNP assay reactions’. 

 Enter the number of negative controls (as 2 for each SNP assay being run). 
15. Click ‘Next’. 

 
16. Adjust the thermal profile, using the slide bars, to the following conditions: 

 

Hold (Hot start activation) 15 minutes 94 °C 

10 cycles of:   

Denature 94 °C 20 seconds 

Anneal/Extend 61 °C  
reduce by 0.6 °C per cycle  

60 seconds 

29 cycles of:   

Denature 94 °C 20 seconds 

Anneal/Extend 55 °C 1 minute 

Finally:   

Hold (Read fluorescence) 20 °C 20 seconds 

 
17. Close and Save program. 
18. Click on ‘Open’ tab at the top of the page. This will bring up a view of the sample plate. 
19. Double click on each of the sample wells and enter the sample ID and assay name. It is advisable 

to keep the samples in the same order for each assay run. 
20. By default the program will add all negative controls from all assays to the first row on the plate. 

The position of these negative controls should be adjusted to reflect the actual plate layout (to do 
this, right click on the sample and adjust accordingly). 

21. Click ‘Save’ to save the plate set-up. 
22. Click ‘Run’ to commence the PCR run. 
 
RAW DATA PROCESSING 
 
Following completion of the PCR run, sample genotypes may be called automatically by the software. 
The genotypes are displayed in a plot format, which should form three distinct clusters representing 
the genotypes of each sample. The clusters may be coloured according to the automatic call made by 
the software algorithms and the results in table format will be shown in the right hand frame of the 
window. Any sample that is not called automatically will be shown as a black cross on the plot and on 
the corresponding table view. Non-template controls (represented by a black square) should also 
cluster together and be positioned in the bottom left-hand corner of the plot, showing that no 
amplification has occurred and therefore no signal is produced. 
 
If the assay has failed, samples will not have amplified and will not be called. If the control samples in 
a run fail to amplify successfully, the whole run will need to be repeated for all samples. Inspect the 
plate to ensure there are no problems, such as evaporation of sample. If test samples fail but the 
control samples amplify correctly, those samples should be repeated. 
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Output requirements: 
 
If multiple assays have been run on one plate, each assay should be viewed and analysed 
independently. To select the results from a single assay: 
 
1. Highlight all samples on the plate/table layout and use the right mouse button to select ‘Omit’. 

This will deselect all samples. 
2. Re-select samples included in the first assay only and use the right mouse button to select 

‘Include’. 
3. After the samples are selected, click on the ‘Analyse’ button (located above the plate layout table). 

This will re-plot the genotypes for a single assay on the left hand side of the screen. 
4. Occasionally a sample may not have not been called automatically but may be manually assigned 

to a cluster. This should only be done if the correct cluster to which the sample belongs is 
unambiguous from its position on the plot. See Appendix 5 for examples of Allelic Discrimination 
plots. 

5. To manually assign a genotype, select the individual on the table view and select the correct 
genotype from a drop down menu at the top right hand side of the plot screen. 

6. Export and save the data by choosing ‘Export’ from the File menu. Ensure the ‘Results’ option is 
selected and export as a single file. Save as ‘SNPname_test data.xlsx’. 
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APPENDIX 4:  
 
Allelic Discrimination Plots 
 
The following Allelic Discrimination Plots illustrate examples of individuals unambiguously assigned 
to either a homozygote (blue or red) or heterozygote (green) SNP cluster: 

 

 
 
 
In the example below, the genotypes of two individuals have not been automatically ‘called’. One 
however may be assigned to the blue cluster whereas the other cannot be unambiguously assigned 
to either the blue or the green cluster, and so remains undetermined: 
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Appendix 5: 
 
Protocol section 7.4: Analysis section A applied to use of StepOne system and software. 
 
ANALYSIS SECTION A 
 
Conversion of StepOne/KASPar® output files 
 
StepOne software will automatically call alleles for each sample. The results file exported from the 
StepOne software contains the DNA genotypes for each sample and SNP tested.  The genotype is 
expressed as a call of Allele1/Allele1, Allele2/Allele2 or Allele1/Allele2. The DNA profiles will consist 
of a table of genotypes for each of the SNP assays. 
 
The first stage of the data analysis involves extracting the necessary information from the StepOne 
results file and converting it into a format suitable for downstream analysis.  The required format is 
known as ‘GenePop’ format. 
 
File conversion should be undertaken as follows: 
 
1. Open the Excel file named ‘Data conversion_Breed*.xlsm’  
2. Save a copy of this file with a sample specific name e.g. ‘Data conversion_Breed*1.xlsm’.  Continue 

to use this file. 
3. Open the results file (saved as ‘SNPname_test data.xlsx’ above) and use Ctrl+A to select all data 

from that worksheet. Copy the data. 
4. On the ‘Import data’ worksheet place the cursor in cell A1, then paste the copied data into this 

work sheet and save. 
5. The original results file (SNPname_test data.xlsx) can now be closed and from here on the Import 

data worksheet is used. 
6. Highlight the first seven rows and delete them. 
7. Highlight rows containing the negative controls and delete them. 
8. Highlight the rows relating to empy wells (those with no data in columns E – J) and delete them. 
9. Delete columns A, C-H and J-U. 
10. Highlight all of the data, select ‘Sort’, Click onto the ‘Custom Sort’ and order the data according to 

‘Sample ID’.  
11. Copy and paste the list of ‘Sample ID’s’ into column A of the ‘Genotype’ sheet, starting at cell A2. 
12. Copy the SNP name into row 1 (starting at cell B1 for the first SNP entered), of the ‘Genotype’ 

sheet. 
13. Copy the ‘Call’ data for each SNP and paste into the appropriate column of the ‘Genotype’ sheet.  
14. It is worth saving the file at this point and after each subsequent additon to the ‘Genotype’ sheet. 
15. Return to the ‘Import’ data sheet and clear all of the information. 
16. Repeat steps 3-14 for each subsequent SNP assay, ensuring that the data are copied into the 

correctly labelled column on the ‘Genotyping’ worksheet. N.B. Make sure that the sample IDs are 
in the same order for each marker. 

17. Use ‘Ctrl A’ to select all data in the Genotype sheet and remove the words ‘homozygous’ and 
‘heterozygous’ from the data set. 
 

The data in the ‘Genotype’ sheet should now appear in horizontal rows, with each row representing a 
sample (Figure 1). The header row lists the names of the SNPs. 
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Figure 1 Screenshot of the ‘Genotype sheet’ from the Data Conversion Excel file, showing the 

data for six samples. The header row lists the SNP assay markers in the panel, the first 
column lists the samples. The DNA results for each sample consist of a two allele call 
for each SNP. This is before the conversion to a number code has taken place.  
(‘Undetermined’ signifies that the assay has failed for a sample at that SNP) (data for 
example purposes only). 

 
18. Highlight the SNP genotype data (i.e. the cells containing the Allele1/Allele2 calls).  Press ‘Control 

+ F’ on the keyboard to bring up the ‘Find/Replace’ dialogue box.  Perform the following 
Find/Replace commands: 

 
Find  Replace 
Allele1/Allele1 ‘0101 
Allele1/Allele2 ‘0102 
Allele2/Allele2 ‘0202 
Undetermined ‘0000    

 
19. Select each sample name cell, one at a time, and add a comma (,) to the end of each sample name 

(see Figure 2). 
20. All of your genotype data, excluding the top row, should autofill into the ‘Genepop Format’ sheet 

into the cell directly below where where it says ‘pop’ in column A. 
21. Save the Excel file. 
22. Save the worksheet as a Tab delimited text file: 

a. Select ‘Save as’. 
b. Select ‘Text (tab delimited)’ from the file type drop down. 
c. Name the file according to the samples within in. Click ‘Save’. 
d. Click ‘OK’ to accept only one worksheet to be saved. 
e. Click ‘Yes’ to accept format. 

23. Close the Excel file, select ‘No’ to saving changes when prompted. 
24. Open the text file and remove the “ marks using ‘Find and Replace’ . 
25. Check that the format agrees with Figure 2. 
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Figure 2 Screenshot of an example of the GenePop format for six samples, showing the SNP 
list and sample names in the first column and the 4-digit genotype code in rows for 
each sample (data for example purposes only). 
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APPENDIX 6:  
 
Electronic files required to test a specific breed 
 
The following electronic files are required to run a specific scenario. 
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APPENDIX 7:  
 
Worked example of population/breed assignment analyses.  
 
A similar method of analysis can be applied to both population assignment and breed verification 
analyses, by considering a ‘breed’ as a ‘population’. This example is suitable for familiarisation with 
the software ONLY. When analysing real data, please refer to the specific SOP required:  
Defra Project FA0118: Standard Operating Procedure for the genetic identification of cod, hake and 
sole populations using DNA SNP markers.  
Defra Project FA0125: Standard Operating Procedure for the genetic identification of traditional pig 
breeds using DNA SNP markers.  
Defra Project FA0125: Standard Operating Procedure for the genetic identification of traditional cow 
breeds using DNA SNP markers.  
 
This example is run using data produced using the StepOne system and software. Specifics of how to 
program/apply this system are given in Appendices 3 and 5 of the SOP.  
 

 
************ DATA PRESENTED HERE ARE FOR TRAINING PURPOSES ONLY ************ 

 
Five hake were genotyped at 13 SNP loci. All claimed to have originated from the North Sea but are 
suspected to have been caught in Western Europe. The following analyses are conducted under the 
instruction of this SOP with reference to the relevant SOP section given. 
 

RAW DATA PROCESSING Page 8 

 
Sample genotypes were automatically called by the StepOne software. All samples sat within one of 
the three discrete clusters and the results were saved as an .xlsx file (Figure 1). 

 
Figure 1 Output from StepOne genotyping of a single SNP, saved as an .xlsx file. The sample 

tested is identified in column B and the automatic allele call is given in column I. 
 
 
These data are produced in turn for each of the 13 SNPs required to compare assignment to either a 
North Sea or a Western Europe population. 
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Conversion of output files to GenePop format Page 9 

 
For each SNP, the allele calls are entered into a table (Genotype sheet in the Data 
conversion_Hake.xlsx workbook), producing a genotype profile for each individual tested (Figure 2). 

 
Figure 2 Screenshot of the ‘Genotype sheet’ from the Data Conversion Excel file, showing the 

data for five samples.  The header row lists the SNP assay markers in the panel, the 
first column lists the samples.  The DNA results for each sample consist of a two allele 
calls for each SNP. This is before the conversion to a number code has taken place.  
(‘Undetermined’ or signifies that the assay has failed for a sample at that SNP). 

 
 
The allele call data and Sample ID are automatically transferred into the ‘Genepop format’ worksheet 
in the Data conversion_Hake.xlsx file (Figure 3) and the file is saved in Excel workbook format, with a 
new file name. 
 

 
 
Figure 3 Sample IDs and genotype data (excluding the top row of SNP names), copied and 

pasted into the ‘Genepop Format’ sheet of the same workbook. Individual entries 
start in the cell directly below where where it says ‘pop’ in column A. 

 
 
A Find/Replace function is used to make the following replacements and a ‘,’ is added after each of 
the Sample Ids. (Note: the use of a ‘ before entering 0101 retains the ‘0’ at the start of the genotype): 
 

Find           Replace 
Allele1/Allele1     ‘0101 
Allele1/Allele2  ‘0102 
Allele2/Allele2      ‘0202 
Undetermined      ‘0000 
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The resulting ‘Genepop format’ Excel spreadsheet is then saved as a text file and re-opened in a text 
editor. The Data conversion_Hake file is then closed and from the text file, ‘ and “ marks are removed. 
The resulting text file should have the following format: 
 

 
 
Figure 4 Genepop format saved as a tab delimited, text file. Under a title row, the SNP list and 

sample names are listed in the first column and the 4-digit genotype code in rows for 
each sample. 

 
 
This data should be saved in a ‘Geneclass Input’ folder as a .txt file. At this point, a GeneClass output 
file can also be created to store the results file exports in. 
 

GeneClass2 software Page 12 

 
Save a copy of the ‘Hake(NS_WESTEUR)_Reference genotypes_Genepop.txt’ (supplied with this SOP) 
in the GeneClass input folder. DO NOT make any changes to this file. 
A copy of the ‘Hake_Analysis sheet’ is also saved in the ‘GeneClass output’ folder, created above. 
The Geneclass software is opened and the relevant reference genotypes (in this case 
‘Hake(NS_WESTEUR)_Reference genotypes_Genepop.txt’) and query data are loaded in the 
Reference populations and Samples to be assigned boxes, respectively. The application parameters 
are check to ensure that they match those given in the SOP and the ‘START’ button is pressed. 
The results screen shown in Figure 5 reveals that four out of the five Hake samples tested are all 
assigned to the North Sea (NTH_SEA). This means that the population of origin has been verified and 
no further analyses are required (see page 17 of SOP for interpretation). The results are saved in the 
‘GeneClass output’ folder, created above, as e.g. Hake Run 1.txt by pressing the ‘Export’ button at the 
top right hand side of the screen. This allows the results to be saved as a text (.txt) file that will be 
required later in the analysis. 
 



 Defra Breed Verification Project (FA0125) 
 

Appendix IIIb SOP Page 34 of 36 

 
 
Figure 5 The GENECLASS2 results page (top) shows the test sample number, mostly likely 

population assignment (e.g. NTH_SEA for sample /Hake 1) and export function. Hake 
4 has been assigned to the WEST_EUR (Rank 1) and the associated likelihood value is 
highlighted (3.869). 

 
 
However, contrary to the claim that sample originated from the North Sea, GeneClass has identified 
WESTERN_EUR as the most likely source of sample ‘Hake 4’ and therefore further analyses need to be 
undertaken as this is not the claimed population of origin. 
Using the same input files and returning to the ‘Parameters’ tab in GeneClass, the ‘Criteria for 
computation’ and ‘Probability computation’ settings can now be adjusted as detailed in Step 14 (page 
13) of the SOP.  
The analyses is run (by pressing START) and the results are output on the screen illustrated in Figure 6 
(again the results are saved by using the Export button). For each sample the software shows the 
exclusion probability associated with the most likely population identified as ‘Rank 1’ in the first 
analysis (Figure 6). If this value is less than 0.01 then the true population from which the sample 
originated is not in the reference dataset (see page 17 of SOP for interpretation).  
For Hake 4 the probability is given as 0.736 for the WEST_EUR population (that was identified as Rank 
1) and so the analysis continues to calculate the probability that the sample originated from the 
population identified by GeneClass (i.e. WEST_EUR). The data is saved as ‘Hake Probability.txt’ in the 
Geneclass output folder. 
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Figure 6 Results showing the exclusion probability associated with the most likely population 

(WEST_EUR). As this is NOT less than 0.01, ans therefore the analysis continues. 
 
 

Excel Spreadsheet Analysis Page 15 

 
The results text file ‘Hake Run 1’ is opened in Excel and the ‘Text-to-columns’ function used to order 
the data (delimited by ‘;’) (Figure 7). 
 
 

 
 
Figure 7 Likelihood results opened using Excel. The log likelihood values, –log(L), are given for 

each of the populations present in the reference dataset.  
 
 
The ‘Hake_Analysis sheet’ is also opened from the ‘GeneClass output’ folder. It is important NOT to 
make any changes to the ‘Calculation’ or ‘Power’ sheets in this workbook!  
The –log(L) values for both the claimed population of origin (i.e. NTH_SEA, 7.306) and the population 
identified by GeneClass (i.e. WEST_EUR, 9.199) are entered into the appropriate cells in Table A on 
SHEET 1 of the ‘Hake_Analysis sheet’ workbook (Figure 8). Entering these values allows the 
spreadsheet to automatically calculate the likelihood ratio (LR) for the scenario. 
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Figure 8 The –log(L) for the population identified in GeneClass is entered into cell C3 and the –

log(L) for the claimed population is entered into cell H4. The resulting likelihood ratio 
is given in cell C8. 

 
 
The proability for the test sample originating from the population identified in GeneClass is 
automatically calculated in Table B of the same worksheet. The correct probability should be read 
from the table and entered into cell G25 on the worksheet. All other values given in the table are 
meaningless so it is important to ensure that the correct value is extracted from the table (see Figure 
9). In this case, the claimed population was the North Sea and the population identifed by GeneClass 
was Western Europe so the correct probability is 0.998549753. 

 
 
Figure 9 The probabilities associated with population assignment. 
  
 

Interpretation Page 17 

 
Where the probability value is less than 1, this means that the distribution of genetic variation 
observed in the two populations may overlap for the DNA result observed in the test sample.  The 
probability value indicates the level of certainty with which it can be concluded that the sample 
belongs genetically to the alternate population, rather than the claimed population. 
 
In this case, the probability suggests that GeneClass has identified the correct popualtion of origin and 
the sample actually originated from the Western Europe population rather than the North Sea, as was 
claimed. 
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APPENDIX IV (Internal Validation): 

Internal validation report of Standard Operating Procedures (SOPs) produced during Defra Project 

FA0125. 

 

Title of SOP validated Draft Date 

Standard operating procedure for the genetic identification of traditional pig 
breeds using DNA SNP markers 

4 
March 
2014 

Standard operating procedure for the genetic identification of traditional 
cattle breeds using DNA SNP markers 

3 
April 
2014 

 

 

Validation results of both SOPs are reported together as the only difference in their procedure relates 

to the specific SNP panels used. Details of breed panel design are provided in the Final Report (sections 

2 and 3).  
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Introduction 
 
The results of Defra project FA0125 culminated in the development of a set of Standard Operating 
Procedures (SOPs) to verify breed origin for two traditional cow breeds (Traditional Hereford and 
Welsh Black) and two traditional pig breeds (Berkshire and Large Black).  
 
The aim of this study was to validate the SOPs produced, by implementing the breed specific SNP 
panels and assignment analysis to verify breed origin for a set of test samples. The report details the 
results of the internal validation study to examine the performance of SOPs developed. 
 
 

Methods 
 
The standard operating procedures (SOPs) devised for both pig and cattle breed verification were 
followed throughout the laboratory and downstream data analysis processes. Details of the SNP 
assays included in each breed panel are given in Table 1: 
 
 
Table 1:  Breed-specific SNP panels trialled during validation. Details of each SNP assay are 

given in the relevant SOP. 
 

 

 
 
 
DNA was extracted from samples of tissue, blood and semen that had previously been stored at -20°C, 
and hair that had been stored at room temperature. A total of four Berkshire, four Large Black, 20 
Traditional Hereford and 10 Welsh Black individuals from authenticated breeds were selected to 
assess the ability of each assay to assign its individuals back to their true breed of origin. Details of the 
samples used are given in Appendix II (Table b) of the final project report. 
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Assignment analysis was performed on all samples using breed-specific SNP panels. Geneclass 
software and the breed-specific data analysis worksheets (supplied with the SOP) were used to 
generate log likelihood values for the sample belonging to either the target breed (i.e. the known 
breed of origin) or an alternative, non-target breed. For individuals not assigned to the expected breed 
of origin, Geneclass was used to further calculate a probability of exclusion. 

 

Results 
 
DNA was extracted from all samples of tissue, blood and semen at a sufficient quality and quantity for 
downstream usage. Where necessary, samples of DNA were diluted to between 20 - 100 ng/µl, 
quantified using a Nanodrop spectrophotometer (ThermoScientific) prior to PCR amplification. Hair 
samples yielded DNA that was sub-optimal in both quality and quantity but proved sufficient for 
running the relevant SNP panel at least once. For samples that produced a lower concentration of 
DNA, attempts were made to concentrate the product to at least 10 ng/µl. 
 
Although the KASP assays had previously been trialled and optimised so that only assays which 
produced unambiguous genotypes were included in the SOP, use of the recommended thermal profile 
failed to consistently produce distinct clusters for each expected genotype among genotype control 
samples. As a result, further optimisation was required during the validation runs of some SNPs and 
an increase in the number of amplification cycles (termed ’recycling’ in the manufacturers instruction) 
improved resolution of all SNP clusters. The SOPs were subsequently amended to include the extra 
cycles as part of the standard thermal profile. 
 
Results of assignment analysis are presented in Table 2. To summarise: 
 

 All Berkshire individuals were assigned correctly to the Berkshire group.  
 

 A single Large Black individual was incorrectly assigned as non-Large Black.  
 

 All Welsh Black individuals were assigned correctly to the Welsh Black breed. 
 

 Four Traditional Hereford individuals were misassigned to the non-Traditional Hereford 
group. 
 

Further analysis revealed the probability of exclusion for the misassigned Large Black individual was 
<0.05, concluding that the individual was not a Large Black. Two of the misassigned Traditional 
Hereford individuals had failed to amplify at several SNPs, despite repeated efforts. Under the SOP, 
these individuals would be excluded form assignment analysis until all SNP genotype information was 
available. For the purpose of assessing the effect of missing data on assignment analysis, these 
individuals were included. The probability of exclusion for the two remaining individuals was >0.05 in 
both cases and so, although not assigned to the Traditional Hereford group, could also not be 
confidently excluded.  

 

 

 

 

 

 



 Defra Breed Verification Project (FA0125) 
 

Appendix IV  

 

Table 2: Details of misassignments among test samples of Berkshire and Large Black pig 

breeds, and Traditional Hereford and Welsh Black cattle breeds. Individuals not 

assigned to the correct breed are highlighted in grey. A probability of exclusion was 

generated for individuals that did not assign to the true breed of origin and did not 

have missing data.  

 

 
 

 

Discussion 
 

Small panels of SNP markers which could theoretically assign Berkshire, Large Black, Traditional 
Hereford and Welsh Black individuals to the correct breed of origin, were trialled using a set of 
Standard Operating Procedures for the genetic identification of traditional pig and cattle breeds. 
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Overall, the extraction method specified was suitable for a wide range of sample types. Blood, semen 
and tissue samples all performed well but hair samples yielded DNA of lower quality and quantity. 
However, as the intended use of the SOP does not include breed verification from hair samples, the 
poor performance of these samples does not suggest that the extraction technique requires 
amendment.  
 
The KASP genotyping chemistry required some further optimisation in terms of the number of cycles 
included during PCR amplification and the amount of template required. Modification of the thermal 
profile suggested for KASP amplification, and an increase in the template concentration for low quality 
samples improved the clustering of SNP genotypes and genotype assignment. It was not possible to 
exactly specify the concentration of DNA required to run the assays as differences between 
quantification methods may result in an insufficient quantity and quality of DNA being used. The SOP 
therefore required amendment to include a wider range of viable template concentrations, to account 
for different quantification methods. 
 
On the whole, the optimised panels performed well at assigning individuals to their true breed, when 
all genotype data were present. All Berkshire and Welsh Black individuals were correctly assigned to 
their respective breeds with a high degree of confidence. A single Large Black individual was 
misassigned to the non-Large Black group and the probability of exclusion was <0.05, concluding that 
the individual was not a Large Black. The misassigned individual possessed two SNP genotypes that 
were atypical to the Large Black breed and closer inspection of the data revealed that the two SNPs 
were both highly ranked in distinguishing between Large White and Meishan breeds. As this individual 
was obtained from an authenticated source, it is likely that the misassignment is either due to 
incorrect genotype data or mislabelling of the original sample. Assuming that the sample was correctly 
labelled, it should ideally have been run several times to verify that the genotype data were correct. 
However, the low amount of DNA available from the sample meant that this was not possible. 
 
Of the four Traditional Hereford individuals that were misassigned, two were missing data for several 
SNPs and so assignment data could not be relied upon. Due to the reduced nature of the panels, it 
demonstrates that it is paramount for all SNP data be present to confidently assign an individual to 
breed. Failure of these SNP markers to amplify, despite several attempts, may be due to the quality of 
the DNA extracted or due to the method of assay design. As the DNA samples produced unambiguous 
genotypes for other SNPs, it suggests that the two non-performing assays may need to be re-designed 
to account for variation in the priming sites across the expanded sample set. 
 
The remaining two Traditional Hereford individuals were misassigned to the non-Traditional Hereford 
group, despite all data being present. However, further analysis demonstrated that despite their 
misassignment, they could also not confidently be excluded from the Traditional Hereford breed. 
There was no obvious, technical reason for the observed misassignment suggesting that the result 
may be due to the expansion of the reference dataset which would possibly identify other informative 
markers that are not included in the current panel. 
 
Abundance of the genotype control samples was a persistent issue during the optimisation of the SNP 
assays. Given the amount of optimisation required for each SNP and the ambiguity in some scoring, it 
was essential that control samples with known genotypes be included in every run of the assay. This 
not only increases the work required in optimising KASP assays but also means that many DNA samples 
were depleted during the process. A more consistent source of control DNA is required for continued 
use of the KASP SNP assays. A potential source of control DNA could be from the design of synthetic 
oligos for each expected assay genotype. Without a standardised system of controls, it is possible that 
the chemistry employed would not be robust enough to withstand variation between different labs 
and on different genotyping platforms.  
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APPENDIX V (External Validation):  

Results of external validation by Minton Treharne & Davies Ltd of SOP for the genetic identification of 
traditional breeds on cattle and pig using DNA SNP markers (Defra Project FA0125). 
 
 

(Full document to be added. Currently not in place due to large size of file) 

 

 


