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sharing, standardization and integration of data very difficult. GenoSonic permits researchers to 

upload, manipulate and analyse their genotypic data via a remote server through an easy-to-use web 

interface, eliminating the need for them to maintain, share or analyse their data locally.  

Further noteworthy aspects of GenoSonic include functionality for standardizing genotyping data 

via a novel automated standardization algorithm called CSMerge-1, as well as allowing users to 

manually standardize genotypes before committing them to standardized datasets to be used in 

further analyses.   The effective standardization of genotyping data is paramount when doing any 

kind of comparative marker analysis. GenoSonic includes functions for identity matching and 

visualisation of measures of relatedness by way of genetic distance trees. 

Another very important aspect of GenoSonic is its underlying architecture.  The software has 

specifically been designed to maximise the opportunities for reuse, extensibility, and 

maintainability, by following modern design principles and patterns.  It will be shown that by 

creating sound software architecture, the flexibility, lifetime, and opportunities of a software 

solution can be expanded considerably with respect to the biological science that it enables.  One 

way in which GenoSonic aims to illustrate this is by compartmentalising its architecture into a set 

of lowly coupled, almost independent components, which can be exchanged for newer or different 

components, depending on future needs. Another good example of how GenoSonic aims to achieve 

extensibility is by exposing its core functionality via a set of web services. This will allow future 

developers or researchers to extend the current functionality by writing custom applications that 

communicate with these services.  These custom applications can be anything from websites to 

console applications and can be written using any language on any software platform.  The service- 

oriented architecture thus changes the software like GenoSonic from a static solution for a specific 

problem into one that can evolve and be extended to serve future needs. 

Research Approach 

Introduction 

This study was performed in three main phases.  The first phase consisted of a preliminary 

investigation which served as an introductory review of the problem domain.  The study then 

entered into an iterative agile software engineering cycle which was repeated until all requirements 

for the study had been implemented successfully. The final phase of the study utilized the new 

software solution in a case study, the aim of which was to prove the abilities of the software by 

using it solve a relevant biological problem.  
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Model detail 

An iterative software engineering process (Figure 0.1) was used to develop a marker genotype 

management and analysis system which was validated in a case study with DNA marker data from 

a pine tree fingerprinting study.   

 

Figure 0.1: Model of the process followed for this study.  Main phases of this study beginning with the preliminary 

investigation, followed by an iterative software engineering process. The final software product is validated by way of a 

case study on real data. 

 

1. Preliminary investigation 

The study was initiated by way of a broad investigation of the field of genotyping in general, which 

provided the basic frame of reference for the domain specific problems that were to be addressed.   

2. Iterative software engineering process 

Following the initial investigation, the study entered into an iterative development model, shown as 

the circular section in the model, which consisted of the following six phases: 

a. Requirement gathering and functional specification 
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Dissertation overview 

This dissertation is structured more or less in accordance with the phases of the development cycle 

described in the previous section. There are, however, a few differences in the arrangement of the 

content which should be taken note of in order to properly understand the context of the chapters in 

relation to the research model described in the previous section. 

The introduction (Chapter 1) comprises the preliminary investigation as well as the full 

requirement specification as perceived at the end of the project. In other words, all the software 

development iterations described in the process model section are flattened to show only the final 

snapshot.  A literature review is given of the field of DNA marker genotyping in general, the 

different genotyping technologies that exist and some of the typical research applications of DNA 

marker genotyping.  The focus then narrows towards a certain area in genotyping, called 

microsatellite DNA fingerprinting, where the state of bioinformatics software that manage and 

analyse this type of data is reviewed.  Having given a good introduction to the problem domain, the 

problem statement for this study is then formalised in the final section of the introduction. The 

problem statement is divided into a set of high-level objectives which, in software engineering 

terms, constitutes the outline of the user requirements for the software solution. 

Chapter 2 is a technical discussion that deals with the underlying technological- and architectural- 

and design considerations.  This chapter provides reasoning for specific software design decisions 

and serves to underline the importance of proper architectural design in improving the performance, 

flexibility, lifespan and overall value of a software solution. 

Chapter 3 explains final implementation for each of the objectives in the problem statement from a 

user perspective.  In other words, the chapter serves as a walkthrough of all the functionality 

included in the software solution from an end-user perspective, without elucidating any of the 

internal complexities of the system. 

After the explanations of the functional and technical features of the software, the focus turns to the 

reason for the study: The management and analysis of microsatellite genotype data.  Chapter 4 

describes the application of the resource to a genetic fingerprinting experiment aimed at the re-

establishment or confirmation of clonal identity of Pinus patula ramets from pine clonal seed 

orchards owned by a South African forestry company at one of their new agricultural estates in 

South Africa. The data forms part of a larger collaborative molecular genetics research effort 

between the University of Pretoria and forestry companies in South Africa. As part of the study, the 
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time-consuming to perform and was largely abandoned in favour of newer PCR-based methods like 

microsatellites (discussed next). 

1.1.1.5 PCR-based markers 

The invention of the polymerase chain reaction (Mullis & Faloona 1987; Saiki et al. 1988; Saiki et 

al. 1985) marked an important milestone in the advancement of molecular biology.  PCR enables 

the rapid production of a vast number of copies of virtually any targeted piece of DNA in a test 

tube, thus eliminating the need for tedious cloning, isolation and purification of target DNA. PCR 

amplification is an indispensable method used to amplify the copy number of very small amounts of 

target DNA, such as can be found at a crime scene. Thus, PCR makes it possible for the sample to 

be analysed in a number of methods that require larger samples of DNA which will be described 

next.  

RAPD markers 

Random Amplified Polymorphic DNA (RAPD) analysis is a technology that uses an arbitrary set of 

short PCR primers (usually 10 bases) to amplify many DNA fragments from a genomic DNA 

sample.  The products from RAPD analysis are then separated by size with gel electrophoresis 

(Welsh et al. 1991; Williams et al. 1990). The resulting profile can be used to detect DNA 

polymorphisms, which are usually situated in the primer binding sites, or occur as length 

polymorphisms in the amplified fragments. Detailed methodology is described by Edwards (1998). 

With RAPD analysis there is no specific target sequence. Primers will bind somewhere in the 

genome, but the exact locations are unknown. The origin and nature of the resulting amplified 

sequence fragments are thus unknown, until they are individually cloned and sequenced. This also 

means that RAPD analysis does not require any prior knowledge about the target sequence. This 

approach is useful when working with DNA from relatively uncharacterised organisms, or when 

DNA from only a few sources has to be compared. The RAPD method is very simple to perform, as 

the basic PCR method and gel electrophoresis do not require much expertise. Presynthesized 

primers are readily available and usually result in the amplification of many different fragments (10 

to 20 per primer pair).  Producing many fragments enables the very rapid detection of differences 

(polymorphisms) among individuals. 

RAPD analysis does, however, suffer from some significant disadvantages. It has been shown to be 

poorly reproducible (Perez et al. 1998) as a result of inconsistencies in DNA quality and PCR 

components and conditions. This can, however, be avoided if care is taken to standardize the 
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and affordable. Since whole-genome DNA resequencing poses the ultimate resolution in marker 

genotyping and does not suffer from any sampling bias, it may replace most current marker 

technologies altogether in the future. 

1.1.2 Fields of application 

1.1.2.1 Identification of individuals 

Generally speaking, any organism can be uniquely identified by its own specific collection of 

alleles at different genetic loci which together represent a DNA fingerprint (Jeffreys et al. 1985b).  

DNA fingerprinting is used in many different applications. The most common application in 

humans is probably crime forensics, where tissue samples found at a crime scene can be used to 

identify suspects by matching their DNA, or to exonerate wrongly accused persons.  In recent years 

most forensic assays switched to the use of short tandem repeat or microsatellite markers. Reasons 

include the high variability of microsatellites, the large number of available microsatellite loci, and 

the ability to amplify even minute samples with PCR.  

An example approach to crime forensics is a system called CODIS (COmbined DNA Indexing 

System) which is employed by the US. The CODIS database is a system of pointers that enable 

crime laboratories across the country to compare DNA profiles. CODIS profiles consist of a 

specimen identifier, a DNA fingerprint, and the host laboratory of the profile. No personal identity 

information is saved within CODIS. In order to create a unique genetic profile of an individual, 

thirteen independent microsatellite loci from across the genome are assayed. CODIS includes 

different indices depending on the reason for the search, e.g. a convicted offenders index, missing 

persons index, etc. A matching algorithm is employed to produce a list of candidates matching a 

profile, which can then be confirmed or refuted by a qualified analyst.  

Other uses of genetic fingerprinting include identification of mass disaster victims, paternity testing, 

authentication of expensive consumables like wine and caviar and detecting bacteria and other 

harmful micro-organisms that may pollute food, water, soil, and air.  DNA fingerprinting is also 

applicable in the identification of plant breeding germplasm for variety protection and for the 

maintenance of clonal identity (Kirst et al. 2005).  

1.1.2.2 Parentage and relatedness 

Another application for DNA markers is that of determining the parentage of an individual 

(Helminen et al. 1988) and its relatedness to other individuals. In the case of diploid organisms, it is 

based on the premise that all individuals receive DNA from both parents.  Specifically, for every 

 
 
 



 

 

13 

locus of chromosomal DNA (with two alleles) in the genome, one allele is inherited from the male 

parent, while the other is inherited from the female parent. Thus, one can compare the alleles of a 

child with those of its possible parents and generate a probability of relatedness.   

With the use of genetic markers to ascertain parentage, we are able to study many evolutionary, 

behavioural and ecological subject fields.  Studies on reproductive behaviour and gene flow within 

a population can be carried out with the help of molecular information even when mating is difficult 

to observe directly. In situations where mating can be monitored easily, the need for molecular 

information to determine parentage may still arise. In some species copulation also occur outside 

social mating pairs, which may lead to the introduction of illegitimate young. The impact of this 

behaviour on sexual selection and mating systems cannot be understood without applying molecular 

markers.  The use of molecular markers help determine the genetic relatedness between individuals, 

which may, for example, explain special behaviour observed among presumed family members of a 

population.  Irrefutable molecular knowledge of parent-child relationships also realise the ability to 

deduce the mechanisms involved in the transmission of phenotypic traits from parents to offspring.  

Relatedness studies often gather molecular information on parentage from specific broods or 

clutches across many families of a population. This creates a profile of the genetic mating system, 

which may be quite different from the observed social mating system. This helps clarify questions 

on relationships between sexual selective pressures and observed traits resulting from these 

pressures, and may give insight into dispersal patterns of members of a population (Cruzan 1998; 

Estoup et al. 1994; Parker et al. 1998). 

1.1.2.3 Population genetics and gene flow 

This division of molecular marker applications deals with genetic relatedness among different 

populations of a species.  Typical assays aim to define the degree of genetic variation or average 

relatedness among the populations of a particular species for a specific set of molecular markers, 

and how this variation is dispersed among the populations.  This helps to answer questions about 

population sizes, gene flow, mating patterns, selective pressures, genetic diversity, and bio-

geographical histories (Gentile & Sbordoni 1998; González et al. 1998; Xu et al. 1998). 

Populations of almost all species demonstrate significant genetic variation among different 

geographic locations (Ehrlich, Raven 1969).  This may be due to the fact that parents choose their 

mates from other individuals in their close geographic proximities rather than randomly selecting 

mates from all locations and siblings usually begin their lives near one another (Turner 1982).  

Selander (1970) demonstrated that the population genetic structure of house mice is connected to 
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spatial clustering on microgeographical scale (Selander 1970). The author assayed genetic profiles 

of mice in different barns on a farm with the use of allozymes to reveal tribal family structures 

connected to geographical locations. 

A somewhat more sophisticated area of population genetics that only recently began receiving 

attention is the inference of the current and past demographic processes of a population (Wall et al. 

2002; Wilson & Balding 1998; Beaumont 1999; Chikhi et al. 2001). Demographic processes refer 

to forces influencing population structures with respect to rates of fertility and mortality as well as 

redistribution or migration (gene flow).  These methods rely on the distribution of alleles across 

populations, making markers like microsatellites or SNPs potential technologies for such studies. 

Microsatellite could be suitable due to their high mutation rates and variability, but uncertainty of 

mutation patterns and rates complicate inference (Ellegren 2000; Schlotterer 2000).  SNPs can also 

be applied if selected carefully to avoid ascertainment bias (Wakeley et al. 2001; Nielsen & 

Signorovitch 2003; Kuhner et al. 2000). The best approach however remains DNA sequencing from 

multiple genomic regions. 

Earlier population genetic studies typically used RFLPs from mitochondrial DNA or allozymes as 

molecular markers, but recent studies increasingly used newer methods like microsatellites, SNPs, 

AFLPs, and DNA sequencing. 

1.1.2.4 Species phylogeny and evolution 

This area of application of molecular markers involves the estimation of evolutionary relationships 

among species or higher taxa.  After species diverge from a common ancestor, their DNA evolves 

further in a crudely deducible time-dependent way.   The more similar the genetic makeup of two 

species, the closer they are related evolutionarily.  One of the main aims here is to reconstruct 

evolutionary trees to ascertain how different species on earth have developed and diverged over 

time.  Molecular markers are also especially powerful in delineating clades where markers can 

identify species derived from a common ancestor. 

A popular topic in phylogenetic studies is the mapping of phenotypic characteristics into 

evolutionary history.  Although closely related species tend to share more phenotypic traits and 

behavioural features than distant taxa, circumstances exist where traits may evolve independently.  

A good example of how molecular markers help clarify phylogenetic questions is the evolution of 

powered flight in mammals. The ancestral species of all mammals were unquestionably terrestrial, 

yet bats are distinctively flight-specialized animals.  It would therefore seem that their ability to fly 

evolved only once in history.  Bats are divided into two groups, the small nocturnal microbats with 
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echolocation abilities, and the larger diurnal megabats.  Since microbats demonstrate very different  

neuroanatomical traits (like the ability to ecolocate) from megabats, whose  neuroanatomical 

makeup more resembles that of primates, another hypothesis aroused suggesting that megabats are 

phylogenetically closer to primates than to microbats (Pettigrew 1986; Pettigrew 1994). If this is 

true then flight evolved separately in microbats and megabats.  Subsequent molecular phylogenetic 

studies however refuted this hypothesis and generally showed that all bats are indeed monophyletic 

(Adkins & Honeycutt 1991; Bailey et al. 1992; Bennett et al. 1988; Mindell et al. 1991).   In a final 

twist, it was shown that the ability to echolocate was thus either lost by megabats after species 

divergence, or else it was gained independently by different microbat lineages (Springer et al. 2001; 

Teeling et al. 2000; Teeling et al. 2002). 

Another topic often studied in phylogenetics is biogeographic reconstruction. This is essentially the 

same as assaying the biogeographical past of populations, only at a higher taxonomical level and 

larger timeframe.  One very interesting case study involved the evolution of Drosophilidae flies on 

the Hawaiian Islands. The Islands are home to a staggering 800 estimated species of Drosophilidae, 

which is astonishing since these islands only account for less than 0.01% of the total land area of 

the planet.  It has been shown than all these Hawaiian flies are descendent from one group 

(Kwiatowski et al. 1994).  It has also been determined geologically that all islands today have been 

above water for at most 5 million years.  The question is therefore whether it was possible for this 

many species to evolve in such a short period of time. Molecular studies showed that divergence of 

these species date back to long before the islands could have emerged (DeSalle 1992a; DeSalle 

1992b), and that a common ancestor must have come to the archipelago about 30 million years ago 

(Piano et al. 1997).  This paradox was solved by evidence that other islands dating back 70 million 

years existed, neighbouring what is currently the Hawaiian Islands.  According to molecular 

evidence, many speciations probably occurred on these islands which are no longer visible.  

Many different molecular marker technologies have been employed to reconstruct phylogenies.  

DNA sequencing is however by far the most powerful tool in evolutionary genetics.  With the use 

of PCR amplification, even minute traces of ancient DNA from fossils can be extracted and 

phylogenetically analysed (Paabo 1989).  

1.1.2.5 Association studies 

Estimating the probability that an individual may express some phenotypic trait by looking at its 

DNA has important applications in medicine and agriculture.  This field is generally called 

association genetics. By looking at differences in the DNA of individuals in a species and 

associating these differences with certain phenotypes, e.g. susceptibility to a certain disease, one 
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can determine which alleles contribute toward the expression of that phenotypic trait.  Thus, the 

knowledge gained by genotyping can be very useful in finding the molecular causes of disease and 

how to diagnose, prevent or treat them (The International HapMap Consortium 2003).  The 

knowledge may also help to advance agriculture by enabling the breeding of organisms with 

superior genotypes for traits such as natural immunity to diseases, or larger and better fruits.  

These types of studies require the use of a large number of markers dispersed across the genome.  

SNPs are usually good marker choices, although the ultimate choice will depend mainly on the 

availability of markers and the scale of the study. 

1.2 Genotyping data management and analysis software 

Although the review thus far has dealt with marker genotyping technologies in general, from here 

onwards the focus will be specifically on microsatellite genotyping, as this was the primary 

genotyping technology chosen for the study. Computers have enabled scientists to manage and 

analyse huge volumes of marker data.  The following section will introduce a few of the software 

solutions currently available for the management and analysis of microsatellite genotype data.  By 

understanding the aims of each solution, approaches followed, features implemented, and also the 

underlying architecture and technologies used, conclusions can be made about their usefulness and 

limitations with regards to the scientific questions that could be answered. 

1.2.1 Existing information management software for microsatellite data 

Five different software solutions that deal with management and analysis of microsatellite 

genotyping data, namely AGL-LIMS, STRlab, GenoDB, STRand, and PowerMarker are reviewed 

here.  This is by no means an exhaustive collection of all the software of this type currently in 

existence.  Indeed, only freeware and open-source solutions are mentioned here.  These examples 

should, however, serve as a good representation of the options currently available to the average 

South African scientist. 

Each review examines the software both in terms of its functionality and the technology it was built 

upon (including the underlying source code design, where available).  The reason for evaluating 

both the functional and technical feature set of each package is to ascertain not only what the 

software can currently do, but also what the suitability for use in other scenarios may be.  Various 

possibilities of reuse exist.  The entire application can be used in its current form in a different study 

(possibly as part of a larger pipeline), or the existing functionality can be extended or modified with 
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PostgreSQL.  The choice of technologies makes AGL-LIMS platform independent, both from the 

server and the user point of view. 

The software has been released as open source, which allows anyone to use and change the source 

code, within the boundaries of the particular license.  The application logic has been abstracted 

away from the web page (html / jsp) code. All application logic is encapsulated within Struts 

constructs called Actions classes.  Even though the business logic is uncoupled from the actual 

webpage, it is still tightly coupled to the Struts framework, and thus would have to be refactored 

before it can be reused in the future.   

The data access code is mixed with business logic within all the Action classes, and SQL code is 

written directly as strings in the code, which tightly couples the business logic to the specific data 

store.  This means that if the type of data store were to change, say from PostgreSQL to Oracle, 

every SQL query would have to be updated manually in every instance that the database is used. 

The software contains unparameterized SQL statements from string inputs, which makes the 

database vulnerable to possible SQL injection attacks (Halfond et al.).  This may be a relevant 

security threat depending on the scenarios in which this software is used. 

To summarize the software architecture:  There is a fairly clear separation between the user 

interface view and the controller logic, which enables the creation of a new web interface and reuse 

of the same Action classes. However, these classes are specific to the Struts framework, which 

means that some refactoring will be required in order to use the business logic in scenarios which 

does not implement the Java Struts Web framework.  The data access code (SQL) is intertwined 

with the business logic, making the software tightly coupled to the specific type of SQL database 

server. This limits the choice of data store.  Fortunately, PostgreSQL is widely used, platform 

independent and scales large datasets well.  In conclusion, the AGL-LIMS system can be extended 

and customised, but only within the technological framework that it is currently implemented. 

1.2.1.2 STRLab 

STRlab (Stewart 2008) is designed specifically to manage DNA casework data used by forensic 

teams in criminal and civil investigations. The system is currently implemented by the South 

African Police Service. It is a comprehensive software package that consists of a number of 

integrated modules, each with a different focus, all contributing in some way to analysis and 

tracking used in DNA forensics, specifically by assessing short tandem repeat (STR) sequence data, 

also known as microsatellites.  The modules included in STRLab are:   
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1.2.1.5 PowerMarker 

PowerMarker was created by Jack Liu, with the purpose of managing, analysing, and visualizing 

genotype data from a user-friendly Windows desktop environment (Liu & Muse 2005). It can 

handle a number of different types of genetic marker data, including microsatellites, single 

nucleotide polymorphisms, and restriction fragment length polymorphisms.  Input data include 

genotype datasets, allele frequencies and genetic distance, or phylogenetic tree data.  Secondary 

data like allele frequencies and trees can also be inferred from the raw datasets. Once data has been 

entered into the system, a number of statistical analysis functions become available.  These include 

summary statistics like allele frequencies, Hardy-Weinberg disequilibrium tests, linkage 

disequilibrium, structural and population analyses like F-statistics, co-ancestry calculations, 

population differentiation tests, phylogenetic analyses and association tests. Whereas the previously 

mentioned genotype information management systems focussed more on the generation, tracking, 

and standardization of genotype data, PowerMarker deals with the statistical analysis of the 

finalised genotype data. 

PowerMarker was written in Visual Basic.net and requires the Microsoft .Net Framework 1.1 

runtime. It is freely available.  It is not open-source, but detailed explanations of all statistical 

functions are given in the user documentation.  The software does not use a centralised database, 

but uses simple tab- or comma delimited files as data sources. Therefore it would be very easy to 

use this software as a statistical analysis component in conjunction with other laboratory 

information management applications that can output genotype data to simple text files. 

1.2.1.6 Summarizing the differences 

The following table is a summary of the various attributes of each software solution discussed in 

paragraphs above. The particular strengths, focus, technologies, and possibilities for reuse are noted 

for each solution in table 1.2 below:  

  

 
 
 



 

 

23 

Table 1.2: Comparison of existing genotype data management and analysis software 

Software Strengths / 

Focus 

Technology Extensibility / Reusability 

AGL-LIMS 

Experimental 

design 

Sample tracking  

Automated 

binning 

Distributed user 

environment 

(web) 

Web application : Java 

Struts web framework, 

Java backing code 

PostgreSQL database 

Platform independent 

(Windows, Linux, Mac) 

Open-source.  Extendable by 

customising java code 

Code reuse limited to struts 

environment and PostgreSQL 

database 

New tools can be developed 

directly on PostgreSQL database 

 

STRLab 

Sample Tracking 

Quality Control  

Identity and 

relatedness 

searches and 

probabilities 

 

Desktop application, for 

single user 

Visual Basic code 

DataEase for Windows 

database 

Microsoft Windows 

only 

Not open-source 

Customisable experiment design, 

project parameters, quality 

control constraints  

Modules are loosely coupled; can 

be used independently in 

conjunction with external tools 

 

GenoDB 

Easy upload of 

genotypes from 

multiple 

experiments/ 

projects  

Automatic data 

standardisation  

Quality control 

procedures. 

Sample tracking 

 

Microsoft Access 

Database 

Microsoft Access  user 

input forms 

VB script procedures on 

the database 

Open-source  

Can be ported to SQL Server to 

allow for larger datasets 

Custom applications can be 

written that connect to this 

database 

 

STRand 

Visual inspection 

and manipulation 

of raw data 

Genotype 

Standardisation, 

allele calling 

Visual Basic 6 code 

Microsoft Access 

Database  

Windows operating 

system only  

Multiple user single 

desktop application, no 

security 

Open-source , can customise VB 

code 

Reuse limited to VB 6 

implementations 

Code can be ported to new 

technology after clean-up & 

refactoring 

New tools can be created that 

plugs directly onto MS Access 

database  

 

PowerMarker 

Summary 

statistics 

Structural and 

population 

analyses 

Phylogenetic 

analyses 

Association tests 

 

Visual Basic. Net.  1.1  

Windows operating 

system only  

Single desktop user  

Text files as data source 

Not open-source 

Standard file input, therefore can 

be used as the analysis 

component of a project in 

conjunction with other 

management software 
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These larger datasets have to be utilized effectively in biological studies which often involve 

performing genetic fingerprinting analysis tasks such as identity matching and relatedness 

measures. For these reasons, the following functional goals were set for the software engineering 

project: 

1. Users should have a secure, easily accessible database where they can manage their genotyping 

project data as a team. 

2. Users should be able to easily upload and download project data. 

3. Users should be able to standardize uploaded genotype data by way of both: 

a. An automated binning tool 

b. A manual standardization step 

4. Users need a way to view allele frequencies for any given dataset and marker. 

5. Users must be able to query standardized datasets.  For the purpose of this study, only identity 

matching queries need to be implemented. 

6. Users need a way to visualize the relatedness of samples in a dataset.  For this study, a simple 

dendogram visualisation has to be developed.  

Along with the list of functional requirements, technical goals were defined to further enhance the 

value of the new software: 

- The software should be founded on sound software design principles 

- It should be relatively easy to extend its functionality in the future 

- It should be easy to reuse components in different solutions.  E.g. it should be possible to use the 

binning algorithms in isolation, or plugged onto different datasets. 

Chapter 2 discusses the technical infrastructure and capabilities of GenoSonic, while the ways the 

functional requirements have been addressed in the implementation of GenoSonic are discussed in 

Chapter 3. Chapter 4 describes the application of the software in a genetic fingerprinting study and 

discusses results pertaining to the relative performance in terms of speed and accuracy in 

comparison to that of human experts.  
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This chapter explains the architectural-, technological-and design choices that were made during the 

creation of GenoSonic.  The advantages of each pattern are discussed, elucidating the reasoning 

behind certain architectural-, technological-, or design decisions. 

2.1 General design principles 

Principles such as maintainability, scalability, extensibility, and interoperability were of great 

importance during the design of this application.  Probably the most important principle to keep in 

mind was to create an architecture with low coupling.  Coupling is the measure of how dependent 

one element is upon another, or how strongly elements are linked together.  In this context, 

elements can be anything from classes to assemblies to entire modules.  By having lower coupling, 

the impact of changing parts of the application can be reduced. This can be especially important in 

bioinformatics, as newer technologies and different research support requirements continually 

surface, creating the need for continual modification of the software. Another very important 

general principle was to keep a high cohesion when designing the architecture.  This means keeping 

the functionality of each entity strongly focussed and to the point.  High cohesion makes elements 

easier to understand, maintain, and reuse. 

2.2 Overall architecture 

This application was built using a layered and modularized system architecture.  The layered part of 

the design meant slicing the system into layers that sit on top of each other, where the higher layers 

call functions from the lower ones.  Each layer is responsible for a major role in the system, and has 

as little as possible direct influence on other layers in the system.  The application logic was also 

arranged into different modules or libraries where each library provides a specific set of 

functionality.  

 
 
 







 

 

32 

that all related logic is organized together. The improved cohesion makes the application much 

easier to maintain, as changes need only be effected at one location. 

The only real drawbacks to using a layered architecture are the effort and required expertise 

involved in creating the core components of the systems.  A multi-layered infrastructure is much 

more complex than single layer applications, and requires a substantial amount of development 

before anything useful can be done. However, once it is up and running, the rewards become more 

and more substantial as the application grows in size and age.   

2.3 Data Store 

A number of requirements were taken into consideration in the choice of a suitable data storage 

mechanism.  Firstly, very large amounts of data will potentially need to be saved. If this database is 

to handle all genotype data of multiple species, the data store must be able to efficiently handle 

large data sets.  Secondly, because this is a distributed application, the data store must be able to 

handle concurrent connections. Thirdly, data within the database may change frequently, and many 

entries may need to be changed at once. 

Possible technologies that were considered included XML files, a Microsoft Access database and 

higher-end Relational Database Management Systems (RDBMS), like Microsoft SQL Server, 

Oracle, MySQL, or PostgreSQL.  XML files are more suitable for applications where the data is 

rather static, and very fast retrieval is not necessary.  Another option would be an Access database, 

but although Access databases are very easy to set up and use, they do not scale well to large 

databases or concurrent users.  The best option therefore would be to use a Relational Database 

Management System (RDBMS), like Microsoft SQL Server, Oracle, MySQL, or PostgreSQL. 

For this project, Microsoft SQL Server 2008 was used, as it satisfies all the requirements of data 

store, and has the added advantages of being well integrated with Visual Studio (the development 

environment used), as well as being formally supported by the .net framework, the selected 

programming technology.  As the data access layer is explained, it will however become clear that it 

would be easy to switch to a different data store if required. 

2.3.1 Database Design 

2.3.1.1 Overview 

GenoSonic consists of two databases by default, namely GenoSonic and GenoSonicASPNET.  The 

GenoSonic database stores the project and genotyping related data, while GenoSonicASPNET is 
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Aspnet_Membership: This table contains all security related data like password, last login, email 

address, authorization status, failed login attempts, etc. 

Aspnet_Users: This table contains all the registered users. 

Aspnet_Profile: This table contains all user profile information like title, institution, phone 

numbers, physical address, current working project, etc. 

Aspnet_Roles: This table specifies all the roles that users can belong to in the system, for example 

user, power-user, curator, group administrator, or system administrator. 

Aspnet_UsersInRoles: This table list every user-role combination, i.e. all the roles that a user 

belongs to. 

2.3.1.3 GenoSonic Database 

This database contains all the data relating to genotyping studies done in GenoSonic. The database 

design has been split into two diagrams for simplicity. The first diagram shows the table designs 

and relationships among project groups, projects and users. The second diagram depicts the 

structure used to store all the project data. 

2.3.1.3.1 Project and Group Administration 

 

 

Figure 2.3: GenoSonic Project and Administration table schema.  This is a subsection of the GenoSonic database 

schema which deals specifically with project and group data.  It shows how GenoSonic is able to link multiple users to 

multiple groups and projects and provide a way for users to join groups via invites and requests. 
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2.3.1.3.2 GenoSonic Project Data 

 

 

Figure 2.4: GenoSonic project data schema.  This database schema is used to store all project data in GenoSonic. It 

shows the table structures and relationships among tables which are used to store data like samples, alleles, marker 

data, and various analysis results. 
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Microsatellites: This table keeps all the information about microsatellite markers.  This includes 

the marker name, repeat unit, minimum and maximum size range, primers, and dye used. 

StandardBins: Every microsatellite marker can have a set of predefined standard allele sizes.  This 

information can be used to assess whether an assayed or binned genotype matches one of the 

predefined sizes before accepting it as a standardized genotype. 

Individuals: This table contains information about individuals, like their names, date of birth and 

death, gender and parentage. 

Samples: This table holds all the information about samples taken. This includes the individual 

code (if available), sampling date, location and information about who took the sample. 

Runs: This table contains all the data about a specific experiments (or Runs) that were conducted 

on a set of samples.  This table includes information like the date and description of the experiment. 

Alleles: This table keeps all the result data from genotyping experiments.  Every allele is linked to a 

sample-code, run-code, and marker-code to uniquely identify that specific result.  More information 

like sample quality and predicted size calls that were created by the scoring machinery or software 

(like GeneMapper) are also recorded in this table. 

BinningSets: Before genotypes can be used in analyses methods, they first have to be standardized.  

The data for the standardisation (Binning) process is grouped into BinningSets. 

BinningSetAlleles: Every Binning set is linked to a group of alleles via this table.  The set of alleles 

will then be the input to a binning process in attempt to automate the normalisation or 

standardisation of allele data. 

BinningSetResults: This table contains information about the results of a binning process, like the 

date and method used to bin the BinningSet. 

BinningSetResultAlleles: This table contains the new allele sizes of alleles as predicted by the 

binning operation. 

StandardizedAlleles: This table contains all the called allele sizes by sample, marker and run that 

were deemed members of predefined standard sizes. The standard alleles will be the ones used in 

analysis functions. 
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StandardizedDataset: StandardizedAlleles can be grouped into StandardizedDatasets to use as 

input in analysis functions. 

2.3.1.3.3 GenoSonic Upload Templates 

The upload template tables store mappings between the GenoSonic table-column names and the 

column headers in .csv (comma separated value) files. 

 

Figure 2.5: GenoSonic Upload templates schema.  A set of upload templates can be created for every study group 

which stores mappings between the GenoSonic table-column names and the column headers in .csv (comma separated 

value) files, thus enabling users to upload custom file formats 

 

UploadTemplates:  Each template is specific to a certain type of entity in GenoSonic, i.e. a 

Sample, Individual, Run, Allele, or Microsatellite.  Templates are saved at Group-level, which 

means the same templates can be used to upload data in multiple projects in a specific study group. 

UploadTemplateMappings: This is the column-to-column mapping.  The DisplayName will be the 

header of the column in the .csv file, while the EntityPropertyName is the name of the property (or 

database column) to which it maps.  

2.4 Data Access Layer 

This layer is responsible for all actions concerning the retrieval, persistence, manipulation, and 

deletion of data to and from the physical data store.  This is the only code that interacts directly with 

the database and must therefore be aware of all the details of the database, i.e. the connection 

settings, the tables, fields, and stored procedures available within the database.  The reasons for 

keeping all data access logic separate are as follows: 
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Partial interface generated by T4: 

public partial interface IAlleleRepository : IGenoSonicRepository<Allele> 
{ 
    void Save(Allele item);           

} 

The other part of the interface created manually in the custom code: 

public partial interface IAlleleRepository 
{ 
    void Save(Allele item, Expression<Func<Allele, bool>> 
expressionToFindExistingRecords); 

} 

In order to query the Alleles table in the database, application logic instantiates an instance of an 

object that implements the IAlleleRepository interface and interacts with it by calling any of the 

methods defined above.  It needs no further knowledge about the inner workings of the query logic. 

This diagram shows a subset of the repository interface hierarchy:   

 

Figure 2.6: Interface hierarchy of data access repositories.  All repository interfaces extends a set of basic data-access 

members from the IGenoSonicRepository interface, while providing the opportunity to specify type-specific members on 

individual level. 

These interfaces are then implemented by the following class hierarchy: 
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experimental conditions, machinery, or protocols, there are always differences observed allele sizes 

which may lead to ambiguities with regard to the true nature of some alleles. These differences may 

result in alleles being binned incorrectly, which would adversely affect all further analysis relying 

on this data.  With larger volumes of data, it is virtually impossible for a human to manually negate 

experimental noise and uniformly assign continuous allele scores to the most probable discrete bins, 

making the process very time-consuming and error-prone. It is for these reasons that automated 

binning algorithms have been developed.   

GenoSonic has implemented two separate binning algorithms.  The first one is an adaptation of the 

Allelobin algorithm described in (Idury RM 1997), which can be used for isolated experiments.  

The second is a novel algorithm all CSMerge-1, which has been developed to address the issues 

with merging data from different experiments.  

2.5.2.1.1 CSMerge-1 

The default binning algorithm implemented in GenoSonic is a completely novel algorithm called 

CSMerge-1.  This algorithm has been designed specifically to merge genetic fingerprinting data 

from different runs, especially where certain samples are genotyped in more than one run, and then 

to accurately bin the merged datasets. 

The CSMerge-1 algorithm consists of three major steps.  The first is a progressive alignment step 

designed to align allele scores from different runs by comparing fingerprints from all shared 

samples between any two runs. This is done by minimising the total Euclidian distance between 

shared alleles by uniformly increasing or decreasing the allele sizes of either runs progressively. 

The second step is a clustering algorithm designed to group alleles with similar sizes together and to 

assign a standard size, or bin name, to each of the member alleles.  The last is an optional step 

which will attempt to automatically choose the two best alleles (if the species ploidy is two) for 

samples that have more than two alleles assigned to them for any given marker, most probably 

because the sample has been assayed in multiple runs and has demonstrated more than two possible 

true alleles over the different runs. 

The goal of the first step is to align the allele scores of different runs as closely as possible so they 

can be binned more accurately in the next step. This step begins by creating a list of shared alleles 

for each run that have similar sample-marker combinations with other runs.  For each shared allele, 

lists are also constructed of all the possible other alleles in other runs that are in the same size 

vicinity, up to a user-specified offset. All of these possible matchups are called connections.  The 

two runs with the most connections between them are aligned first.  The distance that sizes may be 
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divided by the number of alleles of the sample with the least alleles.  Lastly, the distances of all 

markers are summed together to produce a single distance value. 

2.5.2.3 Identity Matching 

The Identity Matching service provides a single method called GetSimilarSamplesForDataset that 

takes a list of unknown samples together with a list of reference samples and computes a data table 

with resulting probabilities of matches for each sample in the reference set.   

The GetSimilarSamplesForDataset method also specifies two input parameters for setting the 

minimum required threshold for any pair of samples to be characterized as being similar. The first 

parameter is simply the minimum number of alleles that has to match exactly.  The second 

parameter is the minimum probability of identity.  The probability of an unknown sample matching 

any given sample in the reference set is calculated as the chained product of the probabilities of 

each of the matching alleles occurring in the test sample.  Missing alleles are not treated as 

differences but are ignored in pairwise comparisons. Allele probabilities are calculated on the fly by 

assessing the allele distribution of the reference set. Thus the probability of an allele occurring is 

calculated as the number of occurrences of that specific allele in the reference set divided by the 

total number of alleles in the reference set.  If both tests surpass the minimum threshold of 

similarity for the test sample in relation to a sample from the reference set, the match is added to the 

output set. 

The output result-set is constructed as lists of samples from the reference set that are similar to the 

each of the unknown test samples respectively.  Each result includes the name of the matching 

sample, a list of the matching alleles, the probability of identity for those matching alleles (as 

explained above), as well as the probability of non-identity.  The probability of non-identity is a 

measure of dissimilarity between two candidate matches and is calculated as the chained product of 

the probabilities of each of the alleles in the reference sample that does not match any allele in the 

test sample.  These lists of results that are returned by the service are passed to the presentation 

layer where they are formatted and displayed as tables of probable matches for each test sample 

which the user can easily interrogate. 

2.5.2.4 Allele Frequencies 

This is a simple service that returns a list of allele-or genotype frequencies, given a set of input 

alleles.  Allele frequencies are the proportions of particular allele sizes occurring within a given set 

of input alleles.  
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As an example of the typical operations available on a data service, consider the SampleService 

definition: 

 

Figure 2.11: SampleService Definition.  This service contains operations to retrieve, save, upload, and delete sample 

records in GenoSonic. 

The service interfaces and accompanying entity models of the data services are located in a 

Contracts library, while the data service implementations are situated in the Core library.  The 

reason for this physical separation has to do with client- and server-side requirements when 

communicating via web services.  A client application needs knowledge about what a service looks 

like, i.e. its interface, but should not have access to its internal workings, i.e. its implementation.  

By separating interface and implementation, one is able to provide untrusted client applications 

with the Contracts library as part of a client software development kit so they can easily talk to the 

GenoSonic WCF services, but keep the Core library with the service implementations on the server 

side. 

2.6.2 Analysis services 

The analysis services are specified to each encapsulate a specific kind of analysis function in 

GenoSonic. These services are discussed in-depth in the Analysis Library section.  Currently, the 

analysis services available in GenoSonic are the following: 
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By separating the presentation bits from the application logic using this code-behind model, a 

higher level of decoupling and separation of concerns are achieved.  This could allow a user-

interface designer, for instance, to focus on the look and feel of the page in the .aspx markup file 

without being too concerned about the code that drives the UI in the .cs file, which would probably 

be written by a software engineer.  This method provides a separation very similar to the divide 

between a view and a controller in model-view-controller frameworks (Fowler 2002). 

2.7.2 Pages 

As described in the previous section, pages are mainly composed of a markup file and an 

accompanying logic file.  To reduce the complexity of each page, as well the amount of code 

duplication, some more layers of abstraction were implemented: 

2.7.2.1 Master Page Template 

Every page in GenoSonic implements a template page called a Master Page.  The master page 

defines the basic layout of the pages, i.e. the header section, menu structure, main content and 

footer sections, together with content placeholders that have to be filled-in by the specific pages.  

Content pages then only need to specify the content to be placed in the various content 

placeholders, while the layout and common sections like the logo, menu and footer are rendered 

according to the master page layout. 

2.7.2.2 Abstract base page classes 

Every page in GenoSonic extends a base page class which contains functionality common to all 

pages in GenoSonic.  This includes aspects like checking whether a valid user session exists for the 

current request and setting the current project context so the proper data will be loaded.  The base 

page also carries some common dependencies like references to the project- and group repositories 

from the data access layer.  The base page is also the place where dependency injection is requested 

from the inversion-of-control container (discussed in a different section).  Lastly, the base page 

extends System.Web.UI.Page, which is the ASP.net Web Forms page class. 

2.7.2.3 Web User Controls 

In certain cases, there are specific recurring groups of UI elements that serve similar purposes 

across different pages.  Instead of duplicating the code on every page, it was wrapped into reusable 

custom server-side controls called Web User Controls.  The most common uses are grid controls 

and the project-choice control on most pages. 
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Figure 2.12: Exception Logging in GenoSonic using ELMAH.  This third-party logging tool saves all exceptions that 

occur in GenoSonic to a SQLite database file and provides a web interface through which administrators can 

interrogate these logs. This example shows the basic error-log page provided by ELMAH. 

2.8 External Services Host 

This layer can be seen as the gateway via which external applications can communicate with 

GenoSonic.  It exposes most of the common data retrieval and manipulation operations, as well as 

some of the analysis functions to the external world via secure web services.  This transforms 

GenoSonic from a closed application into an open and extensible services oriented architecture that 

allows external parties to communicate with GenoSonic programmatically. 

2.8.1 Windows Communication Foundation (WCF) 

The enabling technology used to create the services layer is called Windows Communication 

Foundation (WCF).  It is part of Microsoft .net Framework 3.0 and contains a set of functionality 

that enables communication in distributed environments by providing a unified services-oriented 

programming model that combines Web Services, Message Queues, .Net Remoting and Distributed 

Transactions. WCF-based services uses SOAP messages for communicating between processes, 

thus making them interoperable with any other process (not necessarily .net-based) that can 

communicate via SOAP messages. 

2.8.2 Core components 

Each WCF service is made up of a set of key components. These include contract definitions, 

endpoint definitions, bindings, and a hosting environment.  The contracts component consists 

mainly of a service contract and one or more data contracts for each service.  The service contract 
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If any of the initialization steps need to change, it would have to be changed everywhere that this 

class is instantiated.   

It is thus for reasons of flexibility and maintainability that GenoSonic uses a Dependency Injection 

(Fowler 2002) pattern for mitigating the proliferation of dependencies.  Dependency Injection, as 

the name suggests, is a way to inject instances of dependencies into a class, rather than having the 

class instantiate the objects by itself.  Here the control is inverted by having an external party 

control the instantiation and lifecycle of the dependencies rather than the dependant deciding how 

its dependencies are created.  Dependency Injection is achieved in GenoSonic by constructor 

injection and setter injection.  With constructor injection, dependencies are passed into the object 

via an overloaded constructor.  Setter injection is used where constructor injection is not possible, 

as in the case of web pages.  Here the dependency provider injects dependencies by setting the 

public properties of the object after construction. Here is an example of the same code snippet from 

above, modified for setter injection: 

   public partial class SamplesPage : BaseUserPage 
    { 
        public ISampleRepository sampleRepo { get; set;} 
 
        private List<Sample> LoadSamples(int projectID) 
        { 
            return sampleRepo.Find(x => x.ProjectID == projectID).ToList(); 
        } 
        . 
        . 
        . 

    } 

And here it is modified to use constructor injection: 

   public partial class SamplesPage : BaseUserPage 
    { 
        ISampleRepository sampleRepo; 
 
        public SamplesPage(ISampleRepository repo) 
        { 
            sampleRepo = repo; 
        } 
 
        private List<Sample> LoadSamples(int projectID) 
        { 
            return sampleRepo.Find(x => x.ProjectID == projectID).ToList(); 
        } 
        . 
        . 
        . 

    } 
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x.ForRequestedType<IQuerySurface>().TheDefault.IsThis(querySurface); 
                    x.ForRequestedType<GenoSonicDB>().TheDefault.IsThis(querySurface); 
// for ODS Controllers 
                    
x.ForRequestedType(typeof(IGenoSonicRepository<>)).TheDefaultIsConcreteType(typeof(Geno
SonicRepository<>)); 
                    
x.ForRequestedType(typeof(IRepository<>)).TheDefaultIsConcreteType(typeof(GenoSonicRepo
sitory<>)); 
 
                
// Public Property Setters (Automatically sets the following  
// public properties for any object that uses the BuildUp method ) 
x.SetAllProperties(y => y.OfType<IQuerySurface>()); 
x.SetAllProperties(y => y.OfType<GenoSonicDB>());                     
x.SetAllProperties(y => y.TypeMatches(z => z.Name.Equals(typeof(IRepository<>).Name))); 
// generic repo's 
 
x.SetAllProperties(y => 
y.WithAnyTypeFromNamespace("GenoSonic.DataAccess.Repositories"));  // specific repo's 
 

                }); 

This example looks fairly complicated, but it contains the entire configuration necessary to 

construct any object from the data access layer needed by the application code.  If the user wants to 

swap a specific implementation in the future, he would only need to change a few lines of code in 

this container configuration.  It would have zero impact on the rest of the code, as there are no 

concrete references to any of the repositories.   

2.10  Conclusion 

This chapter discussed the main technical components that make up the software solution.  

Prominent drivers behind technical decisions made were specifically gauged toward maximising the 

opportunities for reuse, extensibility, and maintainability, while following well known modern 

design principles and patterns.  It was argued that by creating sound software architecture, the 

flexibility, lifetime, and opportunities of a software solution can be expanded considerably. This 

could allow future developers or researchers to easily extend or reuse the current functionality when 

creating custom solutions for their specific needs.   
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Figure 3.2: Personal workspace.  This is the basic layout of the workspace where users manage and analyse their project data. 

 

3.1.2 Step 2: Maintaining projects and project groups 

In order to add data to GenoSonic, a user must first create a new project and register it under a project 

group, or alternatively he can request to join other project groups.  GenoSonic also allows the creator of a 

project group to invite other users to join the group.  Projects and groups can be manipulated from two 

main bases, namely the project control which appears at the top of every page, and the Projects and 

Groups maintenance section, which is the first navigation option on the sidebar. 

3.1.2.1.1 The project control: 

A custom dropdown control that can be used to set the current project and to create new projects and 

groups is displayed as the top of the main window of the workspace.  This is the control in its collapsed 

state: 
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Figure 3.6: Inline grid editing.  This functionality works in a similar to editing an Excel grid and is very handy for making 

small changes to records. To edit a record in the grid view, simply double-click the cell. This will change the cell into an 

editable textbox. 

3.2 Objective 2: Uploading and downloading data 

- Users should be able to easily upload and download project data 

3.2.1 Uploading data 

It would be impractical to feed large amounts of data into the system manually.  The best way of 

importing mass amounts of data via a web interface, is to allow users to upload files containing the data, 

which can then be parsed and saved to the data store.  Since most genotyping data is stored in tabular 

form and a common output file format from the physical machinery and GeneMapper is a comma-

separated-value (csv) format which also works seamlessly with Microsoft Excel, it was the logical choice 

for GenoSonic to use this file format.  The objective with the upload functionality is to make it as 

flexible, powerful and easy to use as possible. 
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Figure 3.7: Uploads page.  Project data can be uploaded to GenoSonic from csv files via this web page.  Users can choose the 

file they want to upload, the template that should be used to read the csv file and the upload behaviour i.e. how to add new 

records or override existing ones. 

 

3.2.2 Templates 

The first step when uploading data to a project is to retrieve the template file for the specific data type.  

Depending on the database structure, the default upload template file is automatically generated and 

downloaded as a .csv file with all the column headers already filled in.  Alternatively, users can specify 

custom templates.  To do so, the user can choose a name for the template and then map the column 

headers of the input file to the property names of the record in GenoSonic. Once the user is satisfied that 

the selected template will match the column headers of the data in the input file he wants to be inserted, 

he can browse to the file and upload it. GenoSonic will then parse the uploaded file according to the 

selected template mapping and the specified upload options. 

3.2.3 Options 

The user can change the upload behaviour of the system by choosing between several available options. 

3.2.3.1 Upload behaviours 

The user must choose one of the following behaviours 

- Insert only: Only entries in the uploaded file that does not exist in the database will be inserted. 

All existing entries will be ignored. 
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Figure 3.9: Example of GeneMapper csv-file structure.  This is the secondary schema option that can be selected for 

uploading alleles to GenoSonic.  Each row in the table represents a genotype. Its constituent allele sizes are specified as Size1, 

Size2, etc. depending on the ploidy of the species and particular measurements of the relevant marker. 

When this option is enabled, GenoSonic will automatically figure out how many alleles are specified per 

sample, and insert the records into the database accordingly. 

3.2.4 Downloading data 

Any data in the project can be downloaded easily by simply selecting the relevant records from the grid or 

matrix, and clicking the download button.  GenoSonic will then create a new comma-separated-value file 

and present it to the user as a download option through the browser.  The user can then save this file 

locally.  The created file is in the same format as the default upload template for the specific type of data, 

therefore the user can easily modify or add some records in Microsoft Excel and then upload the file 

again in order to update GenoSonic with the changes made locally (depending on the chosen upload 

options) 

3.3 Objective 3: Binning and standardization 

- Users should be able to standardize uploaded genotype data by way of both: 

a. An automated binning tool and 

b. A manual standardization step 

After entering uploaded genotype data from experiments into GenoSonic, the user has the option of 

putting this data through a standardization process before using it in further analysis studies. The need for 

the standardization steps arises from the fact that there are always small variations in the uploaded allele 

sizes, due to different environmental conditions, laboratory procedures, or equipment. In order to 

effectively analyse the data in further studies, the data first has to be standardized. 

3.3.1 Step 1: Creating datasets from uploaded data for binning 

The first step towards achieving standardization is to add a set of assayed genotypes to datasets called 

binning-sets. These binning-sets can then be used as input to binning functions such as Allelobin.  

Binning-sets can be created in the same way that any of the other types of data records can be created by 
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Figure 3.11: Binning set details in a matrix view.  Each row in the matrix represents a unique sample from a particular run, 

while each column represents a specific marker. The values are all the allele sizes the make up the binning set. 

 

3.3.2 Step 2: Automated binning 

Once the binning-set has been created, the next step is to run a binning analysis function on it.  

GenoSonic has implemented two binning algorithms.  The first is a completely novel algorithm called 

CSMerge-1 which has been designed specifically to bin data from multiple runs, especially where certain 

samples are assayed in more than one run. The other binning option is a version of the Allelobin 

algorithm explained in Idury (1997), which is essentially a curve-fitting algorithm that categorises initial 

continuous allele sizes into discrete bins by minimising the average standard deviation between bin 

midpoints and initial allele sizes.  

The automated binning function can be executed from the automated binning page.  After binning has 

completed, the binning results will be available in the binning results window.  Binning result sets contain 

the new binned allele sizes (or genotypes) of all the sample-marker combinations present in the input 

binning-set. 
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Figure 3.12: Matrix view of automated binning result details.  Each row in the matrix represents a sample, while each column 

represents a specific marker. The values are all the allele sizes the make up the binning result set. 

 

The details window of every binning result has a matrix view of the bins that every allele in the binning-

set has been assigned to, as shown in the image above. 

3.3.3 Step 3: Standardising binning results 

The last step in the standardisation process is to manually examine the binning results in relation to 

predefined standard bins, external bins that might have been assigned by tools like GeneMapper or 

GeneMarker, quality scores, and the initial uploaded size scores. The user can then decide whether or not 

to accept the allele size proposed by the binning algorithm.  

3.3.3.1 a. Specifying standard bin sizes 

Before creating a standardized dataset, a set of standard bins should first be assigned to every marker used 

in the binning set.  Standard bins can be seen as recognised possible allele sizes that could occur for a 

given microsatellite region.  
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Figure 3.14: Genotype Standardization Tool. This page is used to create standardized datasets for further analyses.  Users 

choose the input set and binning result set they wish to use, and compare the sizes to the nearest standard marker sizes (if 

specified) and external size calls (if specified).  Final sizes calls are entered into the last column of the grid, either manually or 

with the help of the automated options provided.  Once the user is satisfied with the final size calls, the standardized set is 

saved to the database. 

 

The screenshot above shows the layout of the genotype standardization tool.  First the user has to choose 

or create the target standardized dataset. Next the input binning set is selected and optionally the results 

from an automated binning function executed on the chosen binning set can be selected.  The grid view 

will then display all the genotypes in the binning-set with their uploaded sizes, automatic binning result 

sizes, nearest standard bins defined for the relevant microsatellite, external bin sizes (e.g. from 

GeneMapper or GeneMarker) and the current standardized allele sizes for the genotype.  The user can 

then choose to move any of these columns to the standardized datasets, or manually type changes in the 

grid in the same way it can be done in Microsoft Excel.   

Once the user is satisfied with the values in the standardized dataset, the save button is clicked.  This will 

pop up a window with options for defining the persistence behaviour. 
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Figure 3.16: Matrix view of standardized dataset detail.  Each row in the matrix represents a sample, while each column 

represents a specific marker. The values are all the allele sizes the make up the standardized dataset. 

3.4 Objective 4: Derive allele frequencies 

- Users should be able to view allele frequencies for any given dataset and marker. 

GenoSonic has a simple page where the genotype and allele frequencies of a given standardized dataset 

can be viewed for any given marker.  Frequencies are calculated dynamically and can be viewed as 

shown here: 

 

Figure 3.17:  Allele- and Genotype Frequencies page. GenoSonic generates allele and genotype frequency grids for any 

marker chosen from a dropdown list of constituent marker codes of a given standardized dataset.  The grids show all the 

different allele or genotype sizes, the number of times they occur in the dataset and their proportional frequency percentage. 
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3.5 Objective 5: Querying the datasets 

- Users must be able to query standardized datasets effectively.  For the purpose of this study, only identity 

matching queries need to be implemented. 

3.5.1 Identity matching 

Users can enter genetic fingerprint data from unknown samples or use known samples to match against 

standardized dataset data.  Unknown sample data can either be typed in manually or be uploaded from a 

.csv file via the provided upload functionality, which works in exactly the same way as the general 

uploads described in an earlier section.  Single known samples can also be chosen, or entire datasets can 

be chosen to do a bulk comparison. 

The input samples are then screened against the reference standardized dataset and samples that match the 

input samples with either a user defined minimum probability of identity, or a minimum percentage of 

matches, are then shown in the resulting grid (or list of grids if more than one test sample were given as 

input).   
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Figure 3.18: Identity Matching input options.  A standardized dataset is chosen as the reference set. Test samples can be 

entered manually, selected from the reference dataset, uploaded from a file, or specified as another standardized dataset.  

Users can also specify the minimum number of matching alleles and minimum probability of identity that two samples must 

have in order to appear in the result set. 
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The probability of an individual having a certain allele is the number of times that allele occurs in the 

standardized set divided by the total number of alleles.  All microsatellite locations in a test set are 

assumed to be independent.  In other words the presence or absence of an allele for one microsatellite 

does not influence the probability of a certain allele occurring at a different microsatellite location being 

tested.  The probability of an individual carrying the entire genetic fingerprint is then defined as the 

product of all the individual probabilities.  

 

Figure 3.19: Identity Matching results.  This screenshot shows the result of matching multiple samples from one dataset 

against another dataset. Each sample from the test set has, in this case, multiple probable matches in the reference set. 

3.6 Objective 6:  Visualize measures of relatedness 

-  Users need a way to visualize the relatedness of samples in a dataset.  For this study, a simple relatedness 

dendogram visualisation has to be developed 

As a means of visualizing the relatedness of samples in a dataset, GenoSonic can create a pair-wise 

related tree structure using a neighbour-joining algorithm. It essentially builds a tree structure by 

assessing genetic distances among all samples and then pairing the closest ones iteratively until a root 

node is created.    

The tree structure is then presented to the user in the Newick tree file format.  It is a standard notation 

which can be used to represent tree structures in plain text.  This text format can be parsed by almost 

every phylogenetic tree drawing software package. Here is an example of the Newick format: 

((((AB320:0.266666666666667,G249:0.266666666666667):0.840524483147591,G234:0.84052448

3147591):0.476601362869988,((AB235:0.0132275132275132,AB384:0.0132275132275132):0.667

507848176333,G242:0.667507848176333):0.476601362869988):0.454117176945001,(((AB363:0,

AB264:0):0.036550410711194,G220:0.036550410711194):0.297181545057036,AB330:0.29718154

5057036):0.454117176945001); 
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Here are some screenshots of how the text structure above can be visualised using a freely available 

phylogenetic tree drawing software package called PhyloWidget: 

 

Figure 3.20: Example visualizations of GenoSonic tree structure output using PhyloWidget.  PhyloWidget is given a tree 

structure as a standard input string in the Newick tree file format. It can then visualize this structure using a number of 

drawing algorithms, including the three shown here. Each leaf node represents a sample.  The tree structure shows a measure 

of relatedness among samples 

3.7 Conclusion 

This chapter summarizes the functional features included in GenoSonic aimed at addressing the identified 

user requirements. It was shown how GenoSonic provides a secure, easily accessible space where users 

can manage their genotyping project data as a team.  Users can easily upload and download large amounts 

of data to and from the system.  Once uploaded to the system, genetic fingerprint data need to be 

standardised before it can be used in further analyses. To do this, GenoSonic has implemented a two-step 

approach.  The first step is to assign discrete alleles sizes, or bins, to all the initial allele sizes of the 

fingerprints automatically by using an automated binning algorithm.  The second step is to manually 

verify the results from the automated binning function and adding it to a standardized dataset.  Once the 

genetic fingerprints have been standardized, allele- and genotyping frequencies can be viewed for any 

given marker.  GenoSonic also provides functionalities for identity matching.  One or many genetic 

fingerprints from unknown samples can be matched against a standardized dataset in order to establish 

identities and in some cases infer relatedness.  Finally, GenoSonic implements a tree construction 

function which can be used to infer measures of relatedness among samples in a dataset. 
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4.1 Introduction 

This chapter addresses the application of the developed software solution to the analysis of clonal 

identities of Pinus patula ramets from seed orchards. The project from which data was obtained 

forms part of a larger collaborative molecular genetics research effort between the University of 

Pretoria and certain key commercial organisations in the forestry industry of South Africa.  This 

particular project is a genetic fingerprinting assignment aimed specifically at the re-establishment or 

confirmation of clonal identities of Pinus patula ramets from privately owned seed orchards at a 

new agricultural estate in relation to ramets at the original clonal seed orchard located in another 

region of the country. Due to the sensitive nature of this data, the name of the forestry company had 

to be kept undisclosed together with the actual locations, molecular markers, and other sensitive 

information.  The original clone bank will hence be referred to as Site G and the new orchard will 

be called Site AB. 

Pinus patula is a fast-growing species of pine trees, which serves as an important source of many 

wood-based products. It is used for various types of light construction, furniture, flooring, food 

containers, pallets, poles and fence posts, among other things.  Pinus patula is also an important 

source of pulpwood from which paper is produced in South Africa.  Lastly, it is a popular source of 

fuel for burning directly or via the production of charcoal.    

As the demand for these products continues to rise, so too does the importance of continually 

researching ways to improve suitability of the trees for the various products.  Homogeneity in size, 

shape, and quality of the wood are much sought-after traits to buyers as they allow the creation of 

various final products with minimal adjustments needed to equipment or processes. To growers, 

exact knowledge of the expected performance of their plantations in certain environmental 

conditions with regard to temperature, rainfall, elevation, etc. is also very important.  The best way 

of realising such homogeneity and predictability is by breeding the best trees with all the desired 

traits and then creating cloned replicates or collecting seeds from a few specific superior 

individuals.  

The forestry company in question owns multiple Pinus patula orchards in South Africa.  Many of 

these orchards are made up of grafted clones and seed offspring from an elite set of 43 genetically 

unique pine trees.  The orchard at Site G houses these trees which form the original clonal seed 

bank. These trees serve as the source of the genetic material (seed, pollen, or grafts) from which 

most other clonal orchards will be created.  The orchard at Site G is used mainly in breeding 
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programs for creating new individuals or hybrids by way of controlled pollinations with related pine 

species.   

Two additional clonal seed orchards have recently been grafted using scions from the original 

orchard.  One orchard has been created at Site AB and the second in yet another different 

geographic location.  The two new orchards are to be used for commercial seed collections and 

large scale creation of grafted clones.   

The three orchards are intended to be copies of each other in that they should contain the same 

genetic material. There were numerous reasons for creating copies of the original orchard.  One 

important reason was to be able to assess the performance of clones in different environmental 

conditions in the different locations.  Another reason was to reduce the risk of losing their clone 

bank due to sickness, fire, or other natural disasters.  It is important to be sure of the exact clonal 

identities of each of the trees in all three locations, which cannot be determined by phenotypic traits 

alone. 

This study was aimed only at establishing or re-establishing the clonal identities of a sample of the 

young trees at Site AB with their clonal parents at the original orchard at Site G.  The study consists 

of two sets of fingerprinting data. The first is a non-redundant reference set taken from the original 

Pinus patula orchard at Site G. The second set of samples comes from the trees that have been 

planted at Site AB.  The objective of the study is to verify that all the new trees have indeed been 

labelled correctly as being clones of their respective originating ramets and, if not, to determine the 

correct clonal or unique identities.   

4.2 Materials and Methods 

4.2.1 Fingerprint data gathering and manual analyses 

DNA was extracted from two sets of samples.  The first is a non-redundant reference set from 43 

unique individuals from Site G.  The second set consists of 191 samples taken from the clones at 

Site AB.  All DNA was extracted using the DNeasy extraction kit from Qiagen.  Fingerprinting 

assays were then performed separately on the two sets during the months of August 2009 to 

November 2009, using a marker panel of twelve microsatellite markers, the details of which are 

shown in the table below: 
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Figure 4.2: Visualization of GenoSonic tree structure output using PhyloWidget.  PhyloWidget is given a tree structure 

as a standard input string in the Newick tree file format. It can then visualize this structure using a number of drawing 

algorithms, including the three shown here.  Each leaf node represents a sample.  The tree structure shows a measure 

of relatedness among samples. 

These visual structures helped to examine and understand the similarity of fingerprints among 

samples from the reference- and clone sets.  For instance, from the graphics above, it is very easy to 

recognise that Site AB clone AB320 probably originated from tree G249 or G234, while AB235 

and AB384 came from tree G242 and AB363, AB264 and AB330 are probably all clones of tree 

G220. The Newick description for the complete relatedness tree is included in Appendix A.  

Example visual layouts are included on the supplementary DVD attached to this document. 

 

  

 
 
 









 

 

97 

have been another source of data which had not been included into the GenoSonic upload, or the 

alleles must have been incorrectly scored due to some user or other software error.   

The fourth issue had to do with low quality data that had been included in the binning process.  The 

upload file included 36 allele scores that were of very low quality, as determined by the peak 

heights and quality scores from GeneMarker. These alleles had been excluded from the results in 

the manual binning process by the human experts and had to be removed from GenoSonic as well.  

After the erroneous allele scores were removed, the comparison summary showed the following: 

Table 4.10: Fourth comparison between GenoSonic (automated) and expert (manual) results - After removing missing 

and erroneous data from comparison 

Sample # Matching 

alleles 

# Mismatches # Alleles Mismatch % Total 

mismatch 

distance 

Average 

mismatch distance 

Marker1 446 22 468 4.7% 65 3.0 

Marker2 367 101 468 21.6% 152 1.5 

Marker3 457 11 468 2.4% 138 12.5 

Marker4 450 18 468 3.8% 29 1.6 

Marker5 468 0 468 0.0% 0 0.0 

Marker6 465 3 468 0.6% 33 11.0 

Marker7 436 32 468 6.8% 80 2.5 

Marker8 457 11 468 2.4% 58 5.3 

Marker9 458 10 468 2.1% 39 3.9 

Marker10 454 14 468 3.0% 55 3.9 

Marker11 467 1 468 0.2% 2 2.0 

Marker12 467 1 468 0.2% 29 29.0 

Total 5392 224 5616 4.0% 680 6.4 

The next two problem areas were due to certain difficult decisions that the automated binning 

software had to make.  The manual standardization step in the binning procedure became very 

important in the solution of these two problems.   

In some cases, the automated binning algorithm chose to include the allele scores from different 

runs rather than the ones identified by human experts as being the correct scores.  This could be 

seen clearly in the grid control of the manual standardization page.  Twenty one samples had been 

assayed in more than one run (19 from the Site G reference set and 2 from the Site AB clones set).  

Of these, 21 alleles (from 7 different samples) were found to have been incorrectly chosen by the 

automated binning algorithm and had to be fixed in the manual standardization step.  

The second problem with incorrect decisions made by the automated binning software, arose where 

CSMerge-1 grouped a set of closely distributed allele sizes into a single bin while the human 

experts created two bins and vice versa.   As an example, there were still more than 100 mismatches 

 
 
 



 

 

98 

(21%) between the automated binning- and manual results for the marker Marker2 and almost all of 

these mismatches were due to the fact the CSMerge-1 had created a single bin, called 245, for all 

alleles within a 0.75 base pair radius, while human experts had created two bins, called 244 and 

246, to group those same alleles. After re-assessing the initial data, shown in the chart below, it was 

found that, in this case, CSMerge-1 had probably binned the alleles correctly. 

 

Figure 4.3: Initial allele sizes for marker Marker2 within the size range 242 to 247 before alignment (blue) and after 

alignment (red) using CSMerge-1.  This example serves to show where CSMerge-1 can be very effective in categorising 

continuous allele sizes.  Human experts created standard allele sizes 244 and 246, while CSMerge-1 created a single 

cluster called 245.  This chart clearly shows the mean size from many different sizes across multiple experiments to be 

245, which indicates that this is probably the actual size. 

A more convoluted case was presented by dinucleotide repeat marker Marker7 for sizes ranging 

from 112 to 122.  Experts had manually grouped alleles of this range into bins 112, 114, 116, 118, 

120, and 122. CSMerge-1, however, created bins 112,114,115,116,117,118,119,120,122.   By 

examining the initial data, it was found that CSMerge-1 had probably created a bin set closer to the 

true nature of the data observed.   

 

Figure 4.4: Initial allele sizes for marker Marker7 within size range 112 to 122 before alignment (blue) and after 

alignment (red) using CSMerge-1.  This is an example of very noisy data. If allele sizes are separated by margins 

smaller than the standard repeat size, most likely due to the presence of single-base insertions or deletions, CSMerge-1 

will be less accurate in its clustering step. 
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Table 4.13: Comparison of initial allele size scores to binned alleles in GenoSonic and manual analyses for 

uncorrelated identity matches 

  AB327 

  Available initial sizes GenoSonic binned Alleles Manual binned Alleles 

Marker 1 202.7 203, 203 203,203 

Marker 2 
  

246,260 

Marker 3 
  

  

Marker 4 210.7, 213.9 210, 214 211,214 

Marker 5 422.6 423, 423 423,423 

Marker 6 325.7 326, 326 326,326 

Marker 7 
  

116,124 

Marker 8 
  

146,158 

Marker 9 
  

220,240 

Marker 10 228.8 229, 229 229,239 

Marker 11 
  

308,314 

Marker 12 
  

410,440 

  AB233 

  Available initial sizes GenoSonic binned Alleles Manual binned Alleles 

Marker 1 213.1,217.4 214,218 212,218 

Marker 2 225.4,244.9 223,245 227,244 

Marker 3 
  

157,163 

Marker 4 213.5,219.6 214,220 214,214 

Marker 5 422.4 423,423 423,423 

Marker 6 313.1,325.8 313,326 314,326 

Marker 7 125.6 126,126 116,116 

Marker 8 163.2,169.6 163,170 154,162 

Marker 9 215.4,217.4 216,218 216,218 

Marker 10 228 229,229 221,229 

Marker 11 307.8,312 308,312 308,312 

Marker 12 428,439.8 428,440 428,440 

  G259 

  Available initial sizes GenoSonic binned Alleles Manual binned Alleles 

Marker 1 
  

200,203 

Marker 2 245.1 245,245 227,227 

Marker 3 
  

157,157 

Marker 4 
  

211,211 

Marker 5 
  

421,423 

Marker 6 326 326,326 317,326 

Marker 7 109.6 110,110 114,124 

Marker 8 153 153,153 138,146 

Marker 9 218.2 218,218 220,227 

Marker 10 224.7 225,225 229,229 

Marker 11 
  

319,321 

Marker 12     428,440 

The results calculated by GenoSonic were exactly the same as those determined by human experts 

for all the other samples.  A complete comparison of the clonal identities that were determined by 

the two methods respectively is available in Appendix A.  
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Given that in GenoSonic the identity matching process is as simplistic as selecting a few options 

and waiting a few seconds for the results in order to match two entire datasets against each other, 

whereas the manual process took in the order of days to properly perform clonal identification, it 

quite clearly demonstrates that GenoSonic can make a valuable contribution in genetic 

fingerprinting studies such as this one.   

4.3.3 Confirmation and re-establishment of clonal identities 

Overall, 233 samples were examined, consisting of 43 samples from reference Site G and 190 

samples from clonal site AB.  Clonal mismatches and other matching issues were found with 59 of 

the 233 samples. Twenty-eight clonal mismatches could be assigned to other existing clonal groups: 

Table 4.14: Clonal mismatches assigned to other existing clonal groups 

Sample ID Assumed Clonal ID GenoSonic assigned clonal ID Manual assigned clonal ID 

AB348 Clone ID 11 Clone ID 9 Clone ID 9 

AB302 Clone ID 13 Clone ID 28 Clone ID 28 

AB259 Clone ID 16 Clone ID 24 Clone ID 24 

AB283 Clone ID 16 Clone ID 36 Clone ID 36 

AB374 Clone ID 16 Clone ID 36 Clone ID 36 

AB226 Clone ID 16 Clone ID 9 Clone ID 9 

AB343 Clone ID 16 Clone ID 9 Clone ID 9 

AB241 Clone ID 18 Clone ID 4 Clone ID 4 

AB265 Clone ID 18 Clone ID 4 Clone ID 4 

AB333 Clone ID 26 Clone ID 23 Clone ID 23 

AB212 Clone ID 27 Clone ID 31 Clone ID 31 

AB246 Clone ID 27 Clone ID 31 Clone ID 31 

AB381 Clone ID 28 Clone ID 13 Clone ID 13 

AB339 Clone ID 28 Clone ID 23 Clone ID 23 

AB230 Clone ID 3 Clone ID 25 Clone ID 25 

AB285 Clone ID 3 Clone ID 25 Clone ID 25 

AB306 Clone ID 3 Clone ID 25 Clone ID 25 

AB314 Clone ID 31 Clone ID 25 Clone ID 25 

AB207 Clone ID 33 Clone ID 2 Clone ID 2 

AB245 Clone ID 33 Clone ID 2 Clone ID 2 

AB369 Clone ID 33 Clone ID 2 Clone ID 2 

AB240 Clone ID 4 Clone ID 13 Clone ID 13 

AB370 Clone ID 4 Clone ID 13 Clone ID 13 

AB273 Clone ID 5 Clone ID 44 Clone ID 44 

AB252 Clone ID 7 Clone ID 1 Clone ID 1 

AB320 Clone ID 9 Clone ID 26 Clone ID 26 

AB235 Clone ID 9 Clone ID 40 Clone ID 40 

AB384 Clone ID 9 Clone ID 40 Clone ID 40 

 Fourteen mismatched samples could be grouped together into seven respective clonal groups to 

create seven new clonal identities.  Two of the new clonal groups, namely 26B and 27B, were 
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formed by splitting their original clonal groups (26 and 27) into two new groups respectively.  In 

these cases, two reference samples had been received from Site G for each clonal group 

respectively. The DNA fingerprints of the reference samples within each clonal group were found 

to be very different, but matching clonal samples from Site AB were observed for each of the 

reference samples, thus forming new groups.  These two cases indicate that there may have been 

labelling issues in the original orchard as samples from ramets of supposedly the same clonal group 

clearly have different genotypes.  Lastly, five new clonal groups were created from mismatched 

clones at Site AB, which signifies the possibility of additional mislabelled clones existing at parent 

Site G.   

Table 4.15: Clonal mismatches that form new clonal groups 

Sample ID Assumed Clonal ID GenoSonic assigned clonal ID Manual assigned clonal ID 

AB253 Clone ID 12 Clone ID 12-18m Clone ID 12-18m 

AB337 Clone ID 18 Clone ID 12-18m Clone ID 12-18m 

AB274 Clone ID 26 Clone ID 26B Clone ID 26B 

AB307 Clone ID 26 Clone ID 26B Clone ID 26B 

G249 Clone ID 26 Clone ID 26B Clone ID 26B 

AB311 Clone ID 38 Clone ID 27B Clone ID 27B 

G247 Clone ID 27 Clone ID 27B Clone ID 27B 

AB247 Clone ID 28 Clone ID 28-33m Clone ID 28-33m 

AB290 Clone ID 33 Clone ID 28-33m Clone ID 28-33m 

AB323 Clone ID 28 Clone ID 28-33m Clone ID 28-33m 

AB225 Clone ID 5 Clone ID 5B Clone ID 5B 

AB309 Clone ID 5 Clone ID 5B Clone ID 5B 

AB346 Clone ID 7 Clone ID 7-32m Clone ID 7-32m 

AB351 Clone ID 32 Clone ID 7-32m Clone ID 7-32m 

 Unique genotypes were observed for eleven samples from Site AB together and six samples from 

Site G. The unique genotypes from Site AB could have come from many different locations.  Since 

clones are often grafted onto a suitable rootstock, it is possible that the sample could have come 

from a tree that had developed from the root instead of from the grafted clone.  A second possibility 

is that the sapling is in fact not a clone but a new individual that have grown from seed. There could 

be many other explanations of how these unique genotypes were introduced, but further speculation 

is not warranted here.  
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examining profiles. This is especially true when making use of the bulk-matching functionality 

which compares multiple test samples to multiple reference samples. 

The sixth goal was to provide a way to visualize a measure of relatedness among samples.  

GenoSonic contains functionality for a relatedness tree to be constructed for any given dataset.  The 

tree is given in a standard Newick tree text format, rather than rendering the image directly.  Since 

there are many phylogenetic tree visualization tools in existence, it made much more sense to export 

the tree structure to a standard text format than to create yet another custom image rendering tool. 

This allows the user to import the tree structure into almost any specialized tree rendering software 

for performing further analysis or special rendering functions. 

Overall, this case study proved that GenoSonic can be utilised in a genetic fingerprinting study 

since the results obtained by using GenoSonic correlated with and even surpassed the manual 

results in terms of accuracy and consistency, and far surpassed the manual effort in terms of the 

speed at which analyses could be completed.  In terms of functional requirements, it was shown that 

the implementation of GenoSonic satisfied each of the functional goals specified by the problem 

statement.  It can therefore be concluded that overall GenoSonic is a satisfactory solution to the 

requirements by this project. 
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while other components like the database or data access layer can be reused as core components of 

completely new applications.  GenoSonic also exposes its core functionality via a set of web 

services, which will allow future developers or researchers to extend the current functionality by 

writing custom applications that can communicate with these services. 

Future development may include creating a desktop client application for GenoSonic instead of 

using the current web browser interface.  This might be considered since the most probable areas to 

which functionality in GenoSonic could be extended include performing Excel-grid-like functions, 

complicated graph-drawing functions, or chart-creation functions.  Programming libraries and tools 

used to create these types of functionalities are currently much more advanced and better supported 

for desktop applications than browser-based web applications.  This may, of course, also change 

dramatically in coming years as technology moves toward web-based, not necessarily web-browser 

based, computation. 

Another consideration for future development is the extension of GenoSonic to facilitate the 

management of other types of genetic marker data, such as SNPs or AFLPs.  This would free 

researchers from having to use only microsatellites in their genetic fingerprinting studies.  It may 

also enhance inference capabilities, as single studies could utilise multiple marker technologies 

together to draw conclusions that would otherwise have been impossible. 

Finally, since GenoSonic was written to be a malleable core solution consisting of reusable and 

interchangeable software components, it is hoped that the source code will be maintained online as 

an open-source project and that organisations from around the globe can use as their basic 

framework or as part of their analysis libraries when designing their own specific genotyping 

solutions. 
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Sample Run Marker1 Marker2 Marker3 Marker4 Marker5 Marker6 Marker7 Marker8 Marker9 Marker10 Marker11 Marker12 

AB222 114 - 2009-08-24-01-A 202.7 

 

245.1 259.7 157.6 162.9 210.4 213.8 422.5 

  

325.5 

  

115.9 123.9 

 

145.8 158.2 220 240.6 228.8 239.3 307.8 314.1 410.5 439.8 

AB223 114 - 2009-08-24-01-A 202.7 

 

226.1 259.8 

  

210.7 

 

410.8 

  

325.9 

  

114.1 122 

 

145.8 153 215.8 220 226.7 

 

309.8 314.3 410.5 422.3 

AB224 114 - 2009-08-24-01-A 213.7 

 

226.1 

 

156.8 162.8 210.6 

 

422.6 

  

325.8 

  

112.2 118 

 

137.5 162.2 207.6 218 222.4 228.8 297.5 312.1 425 428 

AB225 114 - 2009-08-24-01-A 220 

 

245.5 248.6 152 

 

210.6 214 422.6 424.6 

 

316.6 326.1 

 

110.2 

  

153.2 156.4 218.1 220.2 228.9 237.4 314.3 

 

428 433.9 

AB226 114 - 2009-08-24-01-A 209.5 215.9 226.3 

 

156.7 

 

195.3 214.2 422.5 

  

316.7 326.2 

 

114.2 116.1 

 

145.9 160.4 220.2 

 

220.6 226.9 293.7 

 

439.8 445.7 

AB227 114 - 2009-08-24-01-A 213.5 219.8 226 256.9 167 

 

210.5 213.8 422.6 424.6 

 

313 325.7 

 

104.3 115.9 

 

145.8 158.2 215.8 222 226.6 

 

318.2 

 

410.5 428 

AB228 114 - 2009-08-24-01-A 200.3 202.4 225.9 244.9 167 

 

210.4 

 

422.6 424.6 

 

316.1 325.6 

 

117.9 

  

154.1 

 

217.8 

 

232.9 237.1 305.5 313.9 422.1 431 

AB229 114 - 2009-08-24-01-A 202.7 

   

151.9 

 

213.5 

       

116.2 

  

154.2 

 

211.6 

 

226.7 

     

AB229 114 - 2009-08-26-01-A 202.9 216.5 226.5 257.5 

  

214.3 

 

422.6 

  

317 326.4 

 

116.3 

  

154.4 

 

212.1 220.5 226.9 

 

301.7 318.8 410.3 427.8 

AB230 114 - 2009-08-24-01-A 202.6 

 

226 256.9 156.8 

 

210.4 213.7 410.7 422.7 

 

322.6 325.8 

 

110.2 112.1 

 

145.8 156.2 217.8 219.9 226.6 228.7 291.6 

 

410.4 439.9 

AB231 114 - 2009-08-24-01-A 202.5 213.7 

    

213.9 

 

422.6 

  

322.7 325.8 

 

110.3 112.2 

 

145.9 154.3 220 222.1 226.6 229.8 303.5 312.2 

  

AB232 114 - 2009-08-24-01-A 200.4 202.7 226.1 

 

156.8 162.9 210.6 213.8 420.7 424.6 

 

325.9 

  

114.2 116.1 

 

153.1 160.3 211.8 215.9 220.7 235.2 305.7 322.9 434 439.8 

AB233 114 - 2009-08-24-01-A 213.1 217.4 225.4 244.9 

  

213.5 219.6 422.4 

  

313.1 325.8 

 

125.6 

  

163.2 169.6 215.4 217.4 228 

 

307.8 312 428 439.8 

AB234 114 - 2009-08-24-01-A 202.7 216.2 226.2 257.1 151.9 

 

213.9 

 

422.5 

  

316.4 326 

 

116.2 

  

154.3 

 

211.9 220.3 227 

 

301.4 318.4 410.3 427.9 

AB235 114 - 2009-08-24-01-A 213.8 216 226 

 

157.6 162.9 210.5 

 

422.6 

  

325.7 328.9 

 

112.2 118 

 

145.9 162.2 217.9 

 

226.7 228.8 312 320.4 425 462.9 

AB236 114 - 2009-08-24-01-A 213.7 216 226 

 

156.8 162.9 210.2 214.2 410.7 424.6 

 

325.3 

  

110.2 118 

 

137.4 145.8 211.6 215.8 226.8 

 

293.5 

 

430.9 439.9 

AB237 114 - 2009-08-24-01-A 200 202.5 244.9 248 156.8 162.8 210.4 

 

422.5 

  

309.6 325.6 

 

110.1 112.1 

 

153 154.1 217.8 

 

220.6 226.5 301.2 318.1 442.8 445.7 

AB238 114 - 2009-08-24-01-A 202.6 213.5 225.8 

 

162.9 

 

210.6 

 

422.4 

  

325.5 328.8 

 

114 

  

145.8 160.2 217.9 222 226.8 

 

293.4 

 

433.9 445.8 

AB239 114 - 2009-08-24-01-A 202.7 213.8 226.6 245.2 151.9 

 

213.8 

 

422.6 424.6 

 

316.4 325.8 

 

104.5 116.2 

 

137.5 154.3 211.8 220.1 226.8 

 

293.6 

 

410.4 428.1 

AB240 114 - 2009-08-24-01-A 202.7 213.7 226.2 257.1 162.9 

 

210.5 214.3 422.6 424.6 

 

316.4 329 

 

114.1 116.1 

 

145.9 153.1 222.2 228.5 222.7 226.7 293.6 312.1 428 437 

AB241 114 - 2009-08-24-01-A 200.2 202.4 226.1 259.9 151.8 

 

210.6 

 

422.5 

  

316.4 

  

112.2 114.1 

 

145.9 160.4 211.7 215.9 232.9 237.2 307.8 

 

433.9 

 

AB242 114 - 2009-08-24-01-A 202.8 

 

245.5 260.1 

  

210.8 214.1 422.6 

  

326 

  

116 124 

 

146 158.4 220.3 240.9 228.9 239.5 308.1 314.3 410.4 439.8 

AB243 114 - 2009-08-24-01-A 202.4 

 

225.9 256.8 156.8 162.8 210.1 213.4 424.5 

  

325.5 

  

112.1 

  

145.8 153 221.9 

 

220.8 228.7 301.3 318.1 439.8 

 

AB244 114 - 2009-08-24-01-A 202.5 213.6 244.9 256.7 156.8 162.9 207.4 214.2 420.5 422.5 

 

316 325.5 

 

104.2 114.1 

 

145.8 154.2 219.8 

 

226.4 

 

293.4 

 

422.2 428 

AB245 114 - 2009-08-24-01-A 200.3 202.4 225.9 244.9 157.5 167 210.2 

 

422.5 424.5 

 

316 325.5 

 

117.9 

  

154 

 

217.8 

 

232.9 237.1 305.4 313.9 422 430.9 

AB246 114 - 2009-08-24-01-A 202.5 213.5 225.9 256.8 162.8 

 

207.5 210.3 422.5 

  

316.1 

  

112.1 115.9 

 

145.8 165.9 219.8 

 

226.6 228.6 293.5 

 

436.8 439.7 

AB247 114 - 2009-08-24-01-A 200.4 

 

226 248.3 156.8 162.9 210.6 213.8 410.7 422.6 

 

322.6 325.8 

 

114.1 

  

145.8 

 

218 220 226.6 239.3 316.2 318.3 439.8 

 

AB248 114 - 2009-08-24-01-A 213.7 216.1 226.2 235.6 156.7 162.9 210.5 214.4 422.3 

  

325.3 

  

112.4 118.3 

 

145.7 

 

220 222.1 226.9 235.1 307.6 320.3 433.9 462.9 

AB249 114 - 2009-08-24-01-A 202.7 213.7 226.1 257 162.9 

 

210.6 214.2 422.5 424.5 

 

316.4 329 

 

114.1 116 

 

145.8 153 222.1 228.4 222.5 226.7 293.5 

 

427.9 437 

AB250 114 - 2009-08-24-01-A 211.7 216.1 226.3 245.3 156.8 

 

213.9 

 

422.5 

  

316.4 326 

 

104.4 110.3 

 

137.5 154.2 224.2 

 

226.8 

 

305.6 318.4 428 430.9 

AB251 114 - 2009-08-24-01-A 202.7 211.6 226 256.8 156.8 162.9 213.7 

 

422.5 

  

316.2 325.7 

 

110.3 114.1 

 

153 154.2 220 

 

226.7 237.2 318.3 

 

421.9 451.4 
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Sample Run Marker1 Marker2 Marker3 Marker4 Marker5 Marker6 Marker7 Marker8 Marker9 Marker10 Marker11 Marker12 

AB252 114 - 2009-08-24-01-A 202.5 213.7 225.9 

 

156.9 163 

  

422.5 

  

322.4 325.6 

 

110.3 112.1 

 

145.8 154.2 219.9 222 226.9 229.8 303.5 311.9 428 433.9 

AB253 114 - 2009-08-24-01-A 213.5 216.1 225.7 

 

151.8 

 

210.2 213.6 420.5 422.5 

 

325.1 

  

113.9 

  

145.7 165.9 215.7 219.8 226.7 239.2 311.7 318.1 410.4 436.8 

AB254 114 - 2009-08-24-01-A 211.5 217.9 226.4 

   

210.4 214 422.4 

  

325.7 328.8 

 

110.3 114.2 

 

150.1 160.3 220 

 

226.8 

 

293.5 

 

422.4 

 

AB255 114 - 2009-08-24-01-A 216.1 

   

156.8 162.9 213.8 

 

422.6 

  

316.4 325.8 

 

114.2 116.3 

 

153 154.2 220 

 

226.7 

 

293.5 

 

428 439.8 

AB256 114 - 2009-08-24-01-A 213.9 216.1 226.1 

 

157.7 162.9 210.7 

 

422.6 

  

325.9 329 

 

112.2 118 

 

145.9 162.2 218 

 

226.7 228.8 312 320.4 425.1 463 

AB257 114 - 2009-08-24-01-A 202.6 213.7 226.1 257 162.8 

 

207.3 210.6 422.5 

  

316.1 

  

112.2 116 

 

145.9 166.1 220 

 

226.6 228.8 293.6 

 

436.9 439.8 

AB258 114 - 2009-08-24-01-A 200.6 202.8 226.3 257.2 

  

210.8 214.1 422.6 

  

325.8 

  

114.2 118.2 

 

146 

 

222.3 228.5 226.8 228.9 

  

434 439.9 

AB259 114 - 2009-08-24-01-A 202.4 

 

225.9 256.7 156.7 162.8 210.4 213.6 424.4 

  

325.1 

  

112 

  

145.8 152.9 221.9 

 

220.9 228.6 301.2 318.1 439.8 

 

AB260 114 - 2009-08-24-01-A 202.5 211.5 225.5 

   

213.6 

 

422.7 424.6 

 

315.9 325.5 

 

110.2 118 

 

145.8 154.2 219.9 

   

293.5 

 

428.1 439.9 

AB262 114 - 2009-08-24-01-A 211.3 

 

245 256.8 162.9 

 

209.9 

 

422.5 424.5 

 

325.2 

  

114 119.9 

 

145.6 

 

219.9 

 

226.5 

 

299.2 305.6 439.8 

 

AB263 114 - 2009-08-24-01-A 213.7 216.1 226.1 

 

157.7 162.9 210.5 

 

422.1 

  

325.5 328.8 

 

112.3 118 

 

145.8 162.2 217.8 

 

226.8 228.7 311.9 320.3 424.9 462.8 

AB264 114 - 2009-08-24-01-A 209.3 215.7 226.1 

 

156.9 

 

195.1 214.1 422.2 

  

316.4 325.8 

 

114.1 116.1 

 

145.9 160.3 220 

 

220.6 226.7 293.5 

 

439.9 445.8 

AB265 114 - 2009-08-24-01-A 199.9 202.1 225.9 259.8 151.8 

 

210.3 

 

422.3 

  

315.8 

  

112.1 114 

 

145.8 160.2 211.5 215.7 232.7 237.1 307.6 

 

433.8 

 

AB266 114 - 2009-08-24-01-A 202.6 216.1 226.1 245.2 156.8 

 

213.8 

 

422.5 

  

316.5 325.9 

 

104.4 110.3 

 

137.5 154.2 220.1 224.2 226.9 

 

293.4 

 

430.9 451.4 

AB267 114 - 2009-08-24-01-A 202.6 

 

226 256.8 156.9 162.9 210.4 213.7 424.6 

  

325.5 

  

112.2 

  

145.9 153.1 222 

 

220.8 228.7 301.3 318.2 439.8 

 

AB268 114 - 2009-08-24-01-A 213.6 

 

225.9 

 

156.8 162.9 

  

422.4 

  

325.1 

  

112.2 118 

 

137.5 162.2 207.5 217.8 222.2 228.7 297.4 311.9 425 428 

AB269 114 - 2009-08-24-01-A 211.5 217.9 225.8 

   

210.5 213.6 422.2 

  

325.5 328.7 

 

110.3 114.1 

 

150 160.2 219.9 

 

226.9 

 

293.5 

 

422.4 

 

AB270 114 - 2009-08-24-01-A 202.7 216.1 226.1 256.8 151.9 

 

213.7 

 

422.3 

  

316.2 325.6 

 

116.2 

  

154.2 

 

211.7 220.1 226.9 

 

301.3 318.2 410.5 428.1 

AB271 114 - 2009-08-24-01-A 213.7 

 

226.1 256.9 156.8 163.1 213.7 

 

424.5 

  

322.5 325.7 

 

110.3 118.1 

 

145.9 

 

220 222.1 220.7 226.7 318.2 324.5 410.5 428 

AB272 114 - 2009-08-24-01-A 211.5 218.1 226.1 245.2 156.9 163 213.7 

 

422.4 

  

313 325.8 

 

116.1 

  

154.3 162.4 215.9 218 220.8 228.8 307.8 312 428 439.9 

AB273 114 - 2009-08-24-01-A 213.8 

 

226.2 

 

156.7 162.8 210.7 

 

422.4 

  

325.7 

  

112.2 118 

 

137.5 162.2 207.7 218 222.5 228.8 297.4 312 425 428 

AB274 114 - 2009-08-26-01-A 200.4 213.7 226.2 235.8 167 

 

210.8 214 422.5 

  

326.1 

  

112.2 116 

 

153.1 158.3 216 220.1 230.9 239.4 303.6 

 

427.8 433.7 

AB275 114 - 2009-08-24-01-A 211.5 

 

244.9 256.8 162.9 

 

210.4 

 

422.6 424.6 

 

325.5 

  

114.2 120.1 

 

145.6 

 

219.9 

 

226.5 

 

299.2 305.6 439.8 

 

AB276 114 - 2009-08-24-01-A 202.6 213.5 225.9 256.7 163 

 

210.4 214 422.7 424.7 

 

316.1 328.7 

 

114 116 

 

145.8 153 221.9 228.1 222.4 226.6 293.4 

 

428.1 437.2 

AB277 114 - 2009-08-24-01-A 202.6 215.7 226 244.9 151.9 

 

210.4 

 

422.6 424.6 

 

325.3 

  

114.1 121.9 

 

145.8 153 219.9 

 

226.8 

 

293.5 311.8 439.8 

 

AB278 114 - 2009-08-24-01-A 213.7 216 226 

 

156.9 162.9 210.4 213.4 410.7 424.6 

 

325.5 

  

110.3 118.1 

 

137.5 145.9 211.7 215.8 226.8 

 

293.5 

 

430.9 439.9 

AB279 114 - 2009-08-24-01-A 202.6 

 

226.1 

 

156.8 162.8 213.6 

 

422.7 424.6 

 

316.2 325.7 

    

145.8 154.1 220 

 

226.8 

 

293.5 

 

428.1 439.9 

AB280 114 - 2009-08-24-01-A 202.6 213.5 226 

 

162.9 

 

210.5 

 

422.6 

  

325.7 328.8 

 

114.1 

  

145.9 160.3 217.9 222 226.9 

 

293.6 

 

434 445.8 

AB281 114 - 2009-08-24-01-A 211.7 216.1 226.2 245.2 156.9 

 

213.9 

 

422.6 

  

316.3 325.8 

 

104.4 110.3 

 

137.5 154.3 224.2 

 

226.8 

 

305.6 318.3 428 430.9 

AB282 114 - 2009-08-24-01-A 202.6 213.7 226.2 

 

156.8 162.9 214.3 

 

422.5 

  

322.7 325.9 

 

110.3 112.2 

 

145.9 154.2 220.1 222.1 226.7 229.8 303.6 312 428 433.9 

AB283 114 - 2009-08-24-01-A 202.6 216 225.9 244.9 156.8 

 

213.6 

 

422.6 

  

316.2 325.6 

 

104.3 110.2 

 

137.4 154.1 220 224 226.6 

 

293.5 

 

431 451.5 
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AB284 114 - 2009-08-24-01-A 213.6 217.9 226 244.9 156.9 162.9 214.1 

 

422.7 

  

313 325.6 

 

116 

  

154.2 162.2 215.8 217.8 220.6 228.7 307.8 312 428.1 439.9 

AB285 114 - 2009-08-24-01-A 202.6 

 

226 256.7 156.9 

 

210.5 213.7 410.7 422.7 

 

322.4 325.6 

 

110.3 112.2 

 

145.8 156.2 217.8 219.9 226.6 228.7 291.6 

 

410.5 439.9 

AB286 114 - 2009-08-24-01-A 202.6 

 

244.9 259.5 

  

210.4 213.7 422.6 

  

325.4 

  

115.8 123.8 

 

145.7 158.1 219.9 240.4 228.7 239.2 307.7 313.9 410.5 439.9 

AB287 114 - 2009-08-24-01-A 202.6 211.5 226 256.8 156.7 163.1 213.7 

 

422.6 

  

316.2 325.7 

 

110.2 114 

 

153 154.1 220 

 

226.6 237.1 

  

422.2 451.4 

AB288 114 - 2009-08-24-01-A 202.7 213.7 

    

210.6 214.2 422.5 

  

322.5 325.8 

 

104.5 114.1 

 

145.9 153.1 220 230.3 226.6 

 

293.5 

 

439.9 445.8 

AB289 114 - 2009-08-24-01-A 213.8 216.2 226.2 235.8 156.8 162.9 210.5 214.4 422.5 

  

325.8 

  

112.3 118.1 

 

145.9 

 

220.1 222.2 226.8 235.2 307.7 320.5 433.9 462.9 

AB290 114 - 2009-08-24-01-A 200.5 

 

226.2 248.4 

  

210.7 

 

410.7 422.6 

 

322.8 326 

 

114.1 

  

145.9 

 

218.1 220.1 226.7 239.4 316.3 318.4 439.8 

 

AB291 114 - 2009-08-24-01-A 202.7 216 226 256.8 151.9 

 

213.4 

 

422.7 

  

316.2 325.6 

 

116.1 

  

154.2 

 

211.7 220 226.7 

 

301.3 318.1 410.6 428.1 

AB292 114 - 2009-08-24-01-A 202.6 213.6 225.9 256.7 162.9 

 

207.3 210.5 422.7 

  

316 

  

112.1 116 

 

145.8 165.9 219.9 

 

226.6 228.7 293.4 

 

437 439.9 

AB293 114 - 2009-08-24-01-A 200.3 202.4 226 259.6 151.9 

 

210.5 

 

422.6 

  

316 

  

112.2 114 

 

145.8 160.2 211.7 215.8 233 237.2 307.6 

 

434 

 

AB294 114 - 2009-08-24-01-A 202.6 216 226 256.8 151.9 

 

213.6 

 

422.7 

  

316.2 325.6 

 

116.1 

  

154.2 

 

211.7 220 226.6 

 

301.3 318.1 410.6 428.1 

AB295 114 - 2009-08-24-01-A 200.5 202.5 226.1 245.1 167.1 

 

210.5 

 

422.6 424.6 

 

316.3 325.7 

 

118.1 

  

154.2 

 

217.9 

 

233 237.2 305.5 314 422.1 431 

AB296 114 - 2009-08-24-01-A 202.6 215.7 225.9 244.9 151.8 

 

210.4 

 

422.5 424.5 

 

325.5 

  

114.1 121.9 

 

145.8 152.9 219.9 

 

226.7 

 

293.4 311.9 439.8 

 

AB297 114 - 2009-08-24-01-A 202.6 213.7 226 

 

156.9 163 214.3 

 

422.6 

  

322.6 325.9 

 

110.3 112.2 

 

145.9 154.2 220 222.1 226.8 229.8 303.5 311.9 428 434 

AB298 114 - 2009-08-24-01-A 202.7 

 

226.2 257 

  

210.7 213.9 424.5 

  

325.8 

  

112.3 

  

145.9 153.1 222.2 

 

220.7 228.8 301.4 318.3 439.7 

 

AB299 114 - 2009-08-24-01-A 211.6 216 226 244.9 156.8 

 

213.7 

 

422.6 

  

316.1 325.6 

 

104.4 110.3 

 

137.4 154.1 224 

 

226.6 

 

305.5 318.2 428.1 431 

AB300 114 - 2009-08-24-01-A 213.6 215.9 225.8 

 

157.6 162.9 210.4 

 

422.7 

  

325.6 328.7 

 

112.1 117.9 

 

145.7 162.1 217.7 

 

226.6 228.6 311.9 320.3 425.1 462.9 

AB301 114 - 2009-08-24-01-A 200.3 202.4 225.9 259.6 151.9 

 

210.5 

 

422.7 

  

316.1 

  

112.1 114 

 

145.8 160.1 211.6 215.8 232.9 237.1 307.4 

 

434 

 

AB302 114 - 2009-08-24-01-A 202.7 213.6 245 256.8 162.9 

 

210.5 214.1 422.5 

  

322.4 325.6 

 

104.4 114.1 

 

145.8 153 220 230.2 226.7 

 

293.5 

 

439.9 445.8 

AB303 114 - 2009-08-24-01-A 213.7 

 

226 

 

156.8 162.9 210.6 

 

422.7 

  

325.7 

  

112.1 118 

 

137.4 162.1 207.6 217.9 222.4 228.7 297.4 311.9 425.1 428.1 

AB304 114 - 2009-08-24-01-A 202.7 213.7 226.1 257 162.9 

 

210.5 214.1 422.6 424.6 

 

316.3 329 

 

114.1 116.1 

 

145.9 153 222.1 228.4 222.5 226.7 293.5 

 

428 437.1 

AB305 114 - 2009-08-24-01-A 202.6 213.8 245.2 257 156.8 162.8 207.6 214.3 420.6 422.6 

 

316.3 325.6 

 

104.4 114.1 

 

145.9 154.2 220 

 

226.6 

 

293.5 

 

422.2 428 

AB306 114 - 2009-08-24-01-A 202.7 

 

226.4 257.2 156.8 

 

210.6 213.9 410.6 422.6 

 

322.8 326 

 

110.4 112.3 

 

146 156.3 218.1 220.2 226.9 228.9 291.7 

 

410.1 439.9 

AB307 114 - 2009-08-24-01-A 200.4 213.4 225.9 235.4 167.1 

 

210.2 214 422.3 

  

325.4 

  

112.2 116 

 

153 158.2 215.7 219.8 230.8 239.2 303.3 

 

428 433.9 

AB308 114 - 2009-08-24-01-A 200.3 204.7 225.9 244.9 156.8 162.9 210.3 213.9 422.7 

  

322.3 328.6 

 

114.1 118 

 

153 158.1 217.8 221.9 226.7 

 

318 

 

431 439.9 

AB309 114 - 2009-08-24-01-A 219.6 

 

245 248 151.7 

 

210.2 213.5 422.6 424.6 

 

316 325.5 

 

110.1 

  

152.9 156.1 217.8 219.8 228.7 237.1 313.8 

 

428 434 

AB310 114 - 2009-08-24-01-A 202.6 216 226 245 156.8 

 

213.7 

 

422.7 

  

316.3 325.7 

 

104.4 110.3 

 

137.5 154.2 220 224.1 226.6 

 

293.5 

 

431 451.5 

AB311 114 - 2009-08-24-01-A 202.7 

 

226.1 

 

158.1 162.9 210.6 

 

422.6 

  

325.6 

  

116.1 120 

 

156.2 158.2 211.7 220 220.8 226.7 293.5 

 

428.1 445.8 

AB312 114 - 2009-08-24-01-A 211.5 

 

245 256.9 162.9 

 

210.5 

 

422.6 424.6 

 

325.7 

  

114.1 120 

 

145.8 

 

219.9 

 

226.6 

 

299.3 305.6 439.8 

 

AB313 114 - 2009-08-24-01-A 202.6 213.5 226.4 245.1 156.8 162.9 214.2 

 

410.7 424.6 

 

325.8 329 

 

112.2 114.1 

 

145.8 

 

222.1 

 

226.8 

 

293.5 

 

422.1 428 

AB314 114 - 2009-08-24-01-A 202.6 

 

226.2 257.1 156.8 

 

210.7 213.9 410.7 422.6 

 

322.7 325.9 

 

110.3 112.3 

 

145.9 156.3 218 220.1 226.7 228.8 291.7 

 

410.4 439.9 

 
 
 



 

 

122 

Sample Run Marker1 Marker2 Marker3 Marker4 Marker5 Marker6 Marker7 Marker8 Marker9 Marker10 Marker11 Marker12 

AB315 114 - 2009-08-24-01-A 213.6 218 226 244.9 156.8 162.9 214.2 

 

422.5 

  

312.8 325.6 

 

115.9 

  

154.1 162.2 215.8 217.8 220.8 228.7 307.7 311.9 428.1 439.9 

AB316 114 - 2009-08-24-01-A 202.6 213.7 245 256.8 156.8 162.9 207.4 214.1 420.7 422.6 

 

316.1 325.6 

 

104.4 114.1 

 

145.8 154.1 219.9 

 

226.6 

 

293.5 

 

422.3 428 

AB317 114 - 2009-08-24-01-A 202.6 211.4 225.9 256.7 156.8 162.9 213.5 

 

422.6 

  

316.1 325.5 

 

110.2 114 

 

152.9 154 219.9 

 

226.6 237.1 318.1 

 

422.4 451.5 

AB318 114 - 2009-08-24-01-A 202.6 216 226 245 156.8 

 

213.6 

 

422.6 

  

316.2 325.7 

 

104.3 110.2 

   

220 224 226.6 

 

293.4 

 

431 451.5 

AB319 114 - 2009-08-24-01-A 202.6 

 

245 256.9 162.9 

 

210.5 

 

422.6 

  

313 325.7 

 

114.1 116.1 

 

145.9 154.2 219.9 228.2 226.6 

 

293.5 

 

422.4 448.8 

AB320 114 - 2009-08-24-01-A 200.4 213.5 

  

142.3 167.1 210.2 214 422.5 

  

325.6 

     

153 158.2 215.8 220 230.8 239.3 303.4 

 

428 433.9 

AB321 114 - 2009-08-24-01-A 211.6 218 226.2 

   

210.7 213.9 422.6 

  

325.9 329 

 

110.3 114.1 

 

150.1 160.3 220 

 

226.7 

 

293.6 

 

422.2 

 

AB322 114 - 2009-08-24-01-A 202.7 

 

245.3 259.9 

  

210.5 214 422.6 

  

326 

  

116 123.9 

 

145.9 158.3 220.1 240.8 228.8 239.4 307.9 314.2 410.4 439.8 

AB323 114 - 2009-08-24-01-A 200.3 

 

225.9 248.1 156.7 162.8 210.4 213.7 410.7 422.6 

 

322.4 325.6 

 

113.9 

  

145.7 

 

217.9 219.8 226.7 239.3 316 318.2 439.9 

 

AB324 114 - 2009-08-24-01-A 202.5 

 

225.7 244.9 162.9 

 

213.5 

 

422.5 

  

328.6 341 

 

112.2 116.1 

 

154.1 158.1 219.8 221.8 226.8 

 

293.4 

 

428 439.8 

AB325 114 - 2009-08-24-01-A 202.7 213.5 244.9 256.8 156.8 162.9 210.4 

 

422.6 424.6 

 

325.4 

  

114.1 123.9 

 

153 

 

205.5 219.9 226.6 

 

297.4 

 

410.5 428 

AB326 114 - 2009-08-24-01-A 202.4 

 

225.9 

   

213.6 

 

422.5 

  

322.4 325.6 

 

110.1 112 

 

145.8 154.1 219.8 221.9 226.5 229.7 

  

427.9 433.9 

AB327 114 - 2009-08-24-01-A 202.7 

     

210.7 213.9 422.6 

  

325.7 

         

228.8 

     

AB328 114 - 2009-08-24-01-A 211.4 217.9 226.1 245.1 156.8 162.8 213.6 

 

422.5 

  

313 325.8 

 

116 

  

154.1 162.2 215.8 217.9 220.6 228.7 307.7 311.9 428 439.8 

AB329 114 - 2009-08-24-01-A 202.6 216.1 226.2 256.9 151.9 

 

213.7 

 

422.2 

  

316.3 325.7 

 

116.1 

  

154.2 

 

211.7 220.1 226.8 

 

301.3 318.2 410.4 428 

AB330 114 - 2009-08-24-01-A 213.6 219.4 229 

 

156.8 

 

200 218 422.5 

  

316.5 326 

 

114.2 116.2 

 

146 160.4 223.4 

 

223.8 229.4 293.5 

 

439.8 445.7 

AB331 114 - 2009-08-24-01-A 213.6 216 225.7 

 

156.8 162.9 210.3 213.2 410.7 424.5 

 

325.5 

  

110.3 118 

 

137.4 145.8 211.6 215.8 226.8 

 

293.4 

 

430.9 439.8 

AB332 114 - 2009-08-24-01-A 202.6 216 226 244.9 156.7 

 

213.6 

 

422.5 

  

316.1 325.6 

 

104.3 110.2 

 

137.4 154.1 220 224 226.8 

 

293.4 

 

431 451.5 

AB333 114 - 2009-08-24-01-A 213.5 217.9 225.9 244.9 156.9 162.9 214 

 

422.7 

  

312.9 325.6 

 

116 

  

154.2 162.2 215.8 217.8 220.6 228.7 307.7 311.9 428.2 440 

AB334 114 - 2009-08-24-01-A 202.6 213.5 

  

162.9 

 

210.2 

 

422.6 

  

325.6 328.8 

 

114 

  

145.8 160.2 217.9 221.9 226.6 

 

293.4 

 

433.9 445.8 

AB335 114 - 2009-08-24-01-A 202.6 213.7 226 245 151.8 

 

213.7 

 

422.6 424.6 

 

316.3 325.7 

    

137.4 154.2 211.7 220 226.6 

 

293.5 

 

410.5 428.1 

AB336 114 - 2009-08-24-01-A 200.3 202.5 226.1 259.8 151.9 

 

210.5 

 

422.6 

  

316.3 

  

112.2 114.1 

 

145.9 160.3 211.8 215.9 233 237.2 307.7 

 

434 

 

AB337 114 - 2009-08-24-01-A 213.8 216.1 226.2 

 

151.8 

 

210.7 214.2 420.6 422.6 

 

325.9 

  

114.1 

  

145.9 166 215.9 220.1 226.7 239.4 312 318.4 410.4 436.9 

AB338 114 - 2009-08-24-01-A 202.6 

 

226.3 257.1 

  

210.6 213.7 424.5 

  

325.7 

  

112.2 

  

145.9 153.1 222.2 

 

220.6 228.8 301.4 318.4 439.8 

 

AB339 114 - 2009-08-24-01-A 213.5 217.9 225.8 244.8 156.8 162.9 

  

422.5 

  

312.8 325.6 

 

116 

  

154.1 162.2 215.7 217.8 220.7 228.7 307.7 311.9 428 439.8 

AB340 114 - 2009-08-24-01-A 213.6 216 225.9 235.4 156.9 162.9 210.2 214.1 422.5 

  

325.4 

  

112.2 118 

 

145.8 

 

219.9 221.9 226.6 235 307.5 320.2 434 462.9 

AB341 114 - 2009-08-24-01-A 202.6 

 

225.9 259.5 156.8 162.8 210.5 

 

410.7 

  

325.5 

  

114.1 121.9 

 

145.8 152.9 215.7 219.8 226.7 

 

309.6 313.9 410.6 422.3 

AB342 114 - 2009-08-24-01-A 211.5 

 

245.1 256.9 162.9 

 

210.4 

 

422.6 424.6 

 

325.5 

  

113.4 120 

 

145.8 

 

220 

 

226.7 

 

299.3 305.6 439.8 

 

AB343 114 - 2009-08-24-01-A 209.3 215.7 226.1 

 

156.7 

 

195.2 214 422.6 

  

316.3 325.8 

 

114 116 

 

145.8 160.2 220 

 

220.8 226.6 293.5 

 

439.9 445.8 

AB344 114 - 2009-08-24-01-A 211.6 218 226.1 

 

156.9 162.9 210.6 213.9 422.7 

  

325.7 328.9 

 

110.2 114.2 

 

150.1 160.3 220 

 

226.7 

 

293.5 

 

422.3 

 

AB345 114 - 2009-08-24-01-A 213.5 218 226.2 245.2 156.9 162.9 214.3 

 

422.5 

  

313.1 325.9 

 

116.1 

  

154.3 162.3 215.9 218 220.8 228.8 307.8 312 428 439.8 
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AB346 114 - 2009-08-24-01-A 200.4 213.8 226.3 

 

156.8 162.9 210.7 217.1 410.7 422.6 

 

322.8 326 

 

110.4 124 

 

160.3 164.2 218.1 220.1 222.5 226.7 318.4 

 

433.9 445.7 

AB347 114 - 2009-08-24-01-A 213.5 216 226 245 156.9 

   

422.4 

  

316.1 325.6 

 

104.4 110.3 

 

137.5 154.2 224 

 

226.8 

 

305.5 318.2 428.1 430.9 

AB348 114 - 2009-08-24-01-A 209.3 215.6 225.9 

 

146.8 156.8 194.9 214.1 422.6 

  

316.1 325.6 

    

145.8 160.2 219.9 

 

220.8 226.8 293.5 

 

439.9 445.8 

AB349 114 - 2009-08-24-01-A 202.7 213.6 226 256.7 163 

 

210.6 214 422.7 424.7 

 

316.1 328.7 

 

114.1 116.1 

 

145.8 153 222 228.2 222.4 226.6 293.4 

 

428.1 437.1 

AB350 114 - 2009-08-24-01-A 213.8 216 226 

 

157.6 162.9 210.6 

 

422.6 

  

325.7 328.8 

 

112.1 117.9 

 

145.8 162.1 217.9 

 

226.6 228.7 311.9 320.4 425.1 462.9 

AB351 114 - 2009-08-24-01-A 200.4 213.7 226.1 

   

210.7 217.1 410.8 422.7 

 

322.6 325.8 

    

160.2 164.1 218 220 222.5 226.7 318.5 

 

434 445.8 

AB352 114 - 2009-08-24-01-A 200.4 202.7 210.6 226.1 156.8 

 

210.6 

 

420.6 422.5 

 

316.4 325.8 

 

114.1 123.9 

 

137.5 145.9 220 226.2 228.8 

   

428 439.8 

AB353 114 - 2009-08-24-01-A 202.7 

 

245.2 259.8 

  

210.6 213.9 422.6 

  

325.9 

  

115.9 123.9 

 

145.9 158.3 220.1 240.7 228.8 239.3 

  

410.5 439.9 

AB354 114 - 2009-08-24-01-A 213.9 216.2 226.2 

 

156.7 162.8 210.7 214.3 410.7 424.6 

 

326 

     

137.5 145.9 211.9 216 226.8 

 

293.6 

 

430.9 439.8 

AB355 114 - 2009-08-24-01-A 200.1 202.5 225.8 256.8 156.9 162.9 210.4 

 

422.6 

  

303.1 325.6 

 

116 123.9 

 

145.7 

 

211.6 220 226.9 

 

291.6 

 

428 451.6 

AB356 114 - 2009-08-24-01-A 200.2 202.3 225.9 244.8 167.1 

 

210.3 

 

422.6 424.6 

 

316 325.4 

 

118.1 

  

154.2 

 

217.7 

 

232.8 237 305.5 314 422.1 431 

AB357 114 - 2009-08-24-01-A 213.7 

 

226 

 

156.8 162.9 210.2 

 

422.7 

  

325.6 

  

112.2 118 

 

137.4 162.1 207.6 217.9 222.5 228.8 297.4 311.9 425.1 428.1 

AB358 114 - 2009-08-24-01-A 202.6 213.5 226 256.8 162.9 

 

210.2 214.1 422.6 424.6 

 

316.1 328.8 

 

114 116 

 

145.8 153 221.9 228.2 222.4 226.6 293.4 

 

428 437.1 

AB359 114 - 2009-08-24-01-A 202.8 213.6 226.2 

 

162.9 

 

210.6 

 

422.6 

  

325.8 328.9 

 

114.1 

  

145.9 160.3 218 222.1 226.9 

 

293.4 

 

434 445.8 

AB360 114 - 2009-08-24-01-A 202.7 216.1 226.1 256.9 151.9 

 

213.7 

 

422.5 

  

316.2 325.7 

 

116.2 

  

154.2 

 

211.8 220.2 226.8 

 

301.3 318.2 410.5 428 

AB361 114 - 2009-08-24-01-A 211.6 

 

245.2 257 162.9 

 

210.6 

 

422.6 424.6 

 

325.8 

  

114.2 120 

 

145.9 

 

220.1 

 

226.6 

 

299.4 305.8 439.8 

 

AB362 114 - 2009-08-24-01-A 213.7 216.2 226.1 245.3 156.8 

 

214.5 

 

422.5 

  

316.4 326 

 

104.5 110.3 

 

137.5 154.3 224.3 

 

227 

 

305.6 318.4 428 430.9 

AB363 114 - 2009-08-24-01-A 209.3 215.6 225.6 

 

156.8 

 

195.4 214.1 422.4 

  

316.2 325.6 

 

114.1 116.1 

 

145.8 160.2 219.9 

 

220.6 226.8 293.5 

 

439.9 445.8 

AB364 114 - 2009-08-24-01-A 213.5 215.9 225.7 235.3 156.8 162.8 210.3 213.9 422.5 

  

325.1 

  

112.1 118 

 

145.8 

 

219.8 221.9 226.8 234.7 307.5 320.2 433.9 462.9 

AB365 114 - 2009-08-24-01-A 202.6 213.7 226 244.9 

  

213.7 

 

422.7 424.7 

 

316.2 325.6 

        

226.6 

 

293.4 

   

AB365 114 - 2009-08-26-01-A 202.7 213.9 226.3 245.5 151.8 

 

214.1 

 

422.6 424.6 

 

316.8 326.2 

 

104.5 116.3 

 

137.5 154.2 211.9 220.3 226.7 

 

293.7 

 

410.3 427.8 

AB366 114 - 2009-08-24-01-A 200.3 202.6 225.7 

 

156.9 162.9 210.5 213.5 422.6 

  

312.8 325.5 

 

104.4 114.1 

 

137.5 145.9 211.6 217.8 226.9 

 

293.5 

 

431 439.9 

AB367 114 - 2009-08-24-01-A 202.7 

 

226.1 

 

156.8 162.9 213.8 

 

422.6 424.6 

 

316.2 325.7 

    

145.9 154.2 220.1 

 

226.7 

 

293.5 

 

428.1 439.9 

AB368 114 - 2009-08-24-01-A 202.6 211.6 226.1 256.9 156.8 162.9 213.8 

 

422.6 

  

316.3 325.8 

 

110.3 114.1 

 

153.1 154.3 220 

 

226.6 237.2 318.3 

 

422.3 451.4 

AB369 114 - 2009-08-24-01-A 200.5 202.5 226.2 245.2 

  

210.6 

 

422.6 424.6 

 

316.4 325.9 

 

118 

  

154.2 

 

218 

 

233 237.2 

  

422.2 430.9 

AB370 114 - 2009-08-24-01-A 202.8 213.8 226.3 257.1 162.8 

 

210.7 214.5 422.6 424.6 

 

316.5 329.1 

 

114.1 116.2 

 

146 153.2 222.3 228.6 222.6 227.1 293.6 312.1 427.9 437 

AB371 114 - 2009-08-24-01-A 213.7 216 225.6 

   

210.4 

 

422.5 

  

325.5 328.7 

 

112.1 117.9 

 

145.8 162.1 217.8 

 

226.8 228.7 311.8 320.2 425 463 

AB372 114 - 2009-08-24-01-A 213.5 217.9 225.9 244.9 156.8 162.9 214.2 

 

422.7 

  

312.8 325.5 

 

116 

  

154.1 162.2 215.8 217.8 220.9 228.7 307.7 311.9 428.1 439.9 

AB373 114 - 2009-08-24-01-A 202.5 

 

225.9 256.7 156.8 162.9 210.5 213.6 424.7 

  

325.5 

  

112.2 

  

145.8 153 221.9 

 

220.8 228.7 301.3 318.1 439.9 

 

AB374 114 - 2009-08-24-01-A 202.7 216.1 226 245 156.8 

 

213.8 

 

422.6 

  

316.2 325.6 

 

104.5 110.3 

 

137.5 154.2 220.1 224.1 226.8 

 

293.5 

 

431 451.5 

AB375 114 - 2009-08-24-01-A 213.4 218 226.1 245.1 156.8 162.8 

  

422.6 

  

313 325.7 

 

113.5 115.9 

 

154.1 162.2 215.8 217.9 220.6 228.7 307.7 311.9 428 439.8 
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Sample Run Marker1 Marker2 Marker3 Marker4 Marker5 Marker6 Marker7 Marker8 Marker9 Marker10 Marker11 Marker12 

AB376 114 - 2009-08-24-01-A 202.6 237.7 256.9 

 

156.8 162.9 210.6 213.5 422.5 424.6 

 

313.1 325.8 

 

112.2 123.9 

 

153.1 158.3 220 

 

226.6 228.8 303.5 320.4 434 439.9 

AB377 114 - 2009-08-24-01-A 202.6 213.5 225.9 

 

163.1 

 

210.6 

 

422.6 

  

325.7 329 

 

114.2 

  

145.9 160.3 218 222.1 227 

 

293.5 

 

433.9 445.7 

AB378 114 - 2009-08-24-01-A 202.8 213.8 226.2 245.3 156.8 163 214.4 

 

410.7 424.5 

 

325.9 329.1 

 

112.4 114.4 

 

145.8 

 

222.2 

 

227 

 

293.6 

 

422.1 428 

AB379 114 - 2009-08-24-01-A 213.7 

 

226 256.8 156.7 163.1 213.7 

 

424.6 

  

322.5 325.7 

 

110.3 118.2 

 

145.6 

 

219.9 222 220.9 226.6 318.3 324.5 410.5 428.1 

AB380 114 - 2009-08-24-01-A 202.5 215.9 225.7 244.9 156.8 

 

213.7 

 

422.5 

  

316 325.6 

 

104.4 110.2 

 

137.5 154.2 220 224 226.9 

 

293.3 

 

431 451.5 

AB381 114 - 2009-08-24-01-A 202.4 213.6 225.8 256.8 162.9 

 

210.4 214.1 422.6 424.6 

 

316.1 328.7 

 

114.1 116 

 

145.8 153 222 228.2 222.5 226.8 293.5 311.8 428 437.1 

AB382 114 - 2009-08-24-01-A 202.6 

 

226 259.6 156.8 162.9 210.2 

 

410.6 

  

325.6 

  

114 121.9 

 

145.8 153 215.7 219.9 226.7 

 

309.7 314 410.7 422.3 

AB383 114 - 2009-08-24-01-A 202.7 213.7 226.1 245.1 162.9 

 

210.7 213.9 422.6 

  

322.6 325.7 

 

114.2 116.1 

 

145.9 150.1 217.9 

 

226.7 228.8 293.6 

 

437 439.9 

AB384 114 - 2009-08-24-01-A 213.7 216.2 226.2 

 

157.7 162.9 210.6 

 

422.4 

  

325.9 329 

 

112.2 118 

 

145.9 162.2 217.9 

 

226.9 228.8 312 320.4 425 463 

AB385 114 - 2009-08-24-01-A 200.5 202.7 226.3 257 156.8 162.9 210.7 

 

422.3 

  

303.3 325.8 

 

116 123.9 

 

145.8 

 

211.8 220.2 226.9 

 

291.6 

 

427.9 451.5 

G217 111 - 2009-09-17-01-A 202.6 213.4 244.7 256.6 138.7 

 

209.4 

 

422.7 424.7 

 

325.2 

  

113.2 122.9 

 

153 

 

205.5 219.8 226.5 

 

297.3 

 

410.7 428.2 

G218 111 - 2009-09-17-01-A 200.4 202.6 225.9 

   

210.1 212.7 

   

312.9 325.5 

 

103.6 113.2 

     

226.6 

 

293.4 

 

431.1 440 

G218 111 - 2009-09-25-01-A 200.3 202.5 225.9 

   

210.5 213.7 422.6 

  

312.9 325.6 

 

103.4 113.1 

 

137.4 145.7 211.6 217.8 226.5 

 

293.4 

 

430.9 439.8 

G218 111 - 2009-09-29-01-A 200.3 202.5 225.8 

   

210.4 213.6 422.7 

  

312.7 325.3 

 

104.4 114.1 

 

137.5 145.8 211.6 217.7 226.6 

 

293.3 

 

431.2 440.1 

G218 111 - 2009-10-02-01-A 200.3 202.5 225.8 

   

210.4 213.6 422.6 

  

312.8 325.4 

 

103.4 113.1 

 

137.4 145.7 211.5 217.7 226.5 

 

293.4 

 

431 439.9 

G218 111 - 2009-11-04-02-A 200.5 202.6 225.8 

 

156.8 162.9 210.6 213.9 422.6 

  

313.1 325.8 

 

104.5 114.2 

 

137.5 145.9 211.7 217.9 226.9 

 

293.5 

 

430.9 439.8 

G219 111 - 2009-09-17-01-A 202.7 213.5 226 235.4 138.9 167.2 210.4 212.7 422.7 424.7 

 

325.6 

  

115.2 117.1 

 

158.2 

 

215.9 222 226.7 230.8 303.4 

 

428.3 440 

G220 111 - 2009-09-17-01-A 209.3 215.6 226.1 

   

194.3 212.8 422.6 

  

316.2 325.7 

 

113.2 115.1 

 

145.9 160.3 220 

 

220.7 226.7 293.5 

 

440 445.9 

G220 111 - 2009-09-25-01-A 209.3 215.6 226 

   

195.2 213.8 422.6 

  

316.2 325.6 

 

113.2 115.1 

 

145.8 160.2 219.9 

 

220.8 226.7 293.5 

 

439.9 445.8 

G220 111 - 2009-09-29-01-A 209 215.3 225.5 

   

194.9 213.3 422.6 

  

315.5 324.9 

 

113 114.9 

 

145.7 160 219.5 

 

220.6 226.4 293.1 

 

440 445.9 

G220 111 - 2009-10-02-01-A 209.1 215.4 225.8 

   

195 213.5 422.6 

  

316 325.4 

 

113 114.9 

 

145.7 160 

  

220.6 226.5 293.3 

 

439.9 445.8 

G220 111 - 2009-11-04-02-A 209.4 215.7 226.1 

 

156.9 

 

195.3 213.9 422.6 

  

316.3 325.8 

 

114.2 116.1 

 

145.9 160.3 220.1 

 

220.8 226.7 293.5 

 

439.9 445.8 

G221 111 - 2009-09-17-01-A 202.5 

 

244.5 259.3 138.7 

 

210.2 213.5 422.6 

  

325.1 

     

145.8 158.1 219.7 240.1 228.6 239.1 307.4 313.6 410.6 440 

G221 111 - 2009-09-25-01-A 202.6 213.5 225.9 244.8 259.5 

 

210.6 213.8 422.6 

  

325.5 

  

103.5 115 123 145.8 158.2 219.9 240.4 226.6 

 

307.6 313.9 410.5 439.9 

G221 111 - 2009-09-29-01-A 202.4 

 

244.2 258.9 

  

210.1 213.3 422.7 

  

324.9 

  

114.8 122.7 

 

145.6 157.9 219.4 239.8 228.5 238.8 307.3 313.4 410.8 440.1 

G221 111 - 2009-10-02-01-A 202.5 

 

244.7 259.4 138.7 146.9 210.4 213.6 422.4 

  

325.3 

  

115 122.9 

 

145.7 158.1 

  

228.7 239.1 307.6 313.8 410.4 439.9 

G222 111 - 2009-09-17-01-A 200.3 202.6 225.7 256.4 

  

209.4 212.6 422.7 

  

325.1 

  

113.1 117 

 

145.7 

 

221.7 227.9 226.6 228.6 315.6 317.6 434.2 440.1 

G222 111 - 2009-09-25-01-A 200.4 202.6 226 256.8 

  

210.6 213.8 422.6 

  

325.7 

  

113.3 117.2 

 

145.9 

 

222 228.1 226.6 228.7 316.1 318.3 434.1 440 

G222 111 - 2009-09-29-01-A 202.5 213.2 225.5 

 

138.6 

 

210.2 213.3 422.6 

  

315.6 324.9 

 

97.9 99.9 

     

224.4 

     

G222 111 - 2009-10-02-01-A 200.4 202.6 225.9 256.6 

  

210.5 213.7 422.6 

  

325.4 

  

113.2 117.1 

 

145.8 

   

226.6 228.7 

  

434 439.9 

G222 111 - 2009-11-04-02-A 200.4 202.7 226.1 257 156.8 162.9 210.7 214 422.6 

  

325.9 

  

114.1 118 

 

145.9 

 

222.1 228.3 226.7 228.8 316.2 318.2 434 440 
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G223 111 - 2009-09-17-01-A 213.3 219.6 225.7 256.5 138.8 

 

210.3 213.6 422.7 424.7 

 

312.6 325.1 

 

103.4 115.1 

 

145.8 158.1 215.6 221.7 226.5 

 

317.8 332.3 410.7 428.3 

G224 111 - 2009-09-17-01-A 202.6 213.5 225.8 256.4 163 

 

209.9 212.6 422.7 424.7 

 

315.8 328.4 

 

113.1 115.1 

 

145.8 152.9 

  

222.4 226.5 293.3 

 

428 436.8 

G224 111 - 2009-09-25-01-A 202.7 213.7 226.2 257 

  

210.7 213.9 422.7 424.6 

 

316.4 328.9 

 

113.2 115.2 

 

145.9 153 222.1 228.4 222.5 226.7 293.6 

 

428.1 437 

G224 111 - 2009-09-29-01-A 202.5 213.3 225.5 256.2 138.8 

 

210.2 213.4 422.8 424.8 

 

315.7 328.2 

 

113.1 115 

 

145.7 152.8 221.6 227.8 222.3 226.5 293.3 

 

428.3 437.3 

G225 111 - 2009-09-17-01-A 202.5 215.8 225.7 

 

138.6 

 

210.4 213.5 422.6 424.6 

 

325.2 

  

113.1 115 

 

145.7 152.9 217.7 221.8 226.6 

 

301.1 305.2 428.1 437 

G226 111 - 2009-09-17-01-A 200.4 215.8 225.9 244.8 138.7 

 

209.5 212.6 422.7 

  

325.1 

  

95.5 113.1 

 

152.9 158.1 215.8 217.9 222.4 226.6 311.6 320 422.4 431.2 

G227 111 - 2009-09-17-01-A 200.3 204.7 225.9 244.8 

  

210.4 212.7 422.7 

  

322.3 328.6 

 

113.1 117 

 

153 158.1 217.8 221.9 226.6 

 

318 

 

431.1 440 

G227 111 - 2009-09-25-01-A 200.3 204.8 226.1 245 138.7 

 

210.7 213.8 422.6 

  

322.5 328.8 

 

113.2 117.1 

 

153 158.2 217.9 222.1 226.7 239.3 318.2 

 

430.9 439.8 

G228 111 - 2009-09-17-01-A 213.7 

 

226 256.7 

  

212.7 

 

424.5 

  

322.4 325.6 

 

109.3 117.1 

 

145.9 

 

219.9 222 220.6 226.6 

  

410.6 428.1 

G228 111 - 2009-09-25-01-A 213.7 

 

226.1 257 

  

213.9 

 

424.6 

  

322.7 325.9 

 

109.5 117.1 

 

145.8 

 

220 222.1 220.6 226.7 

  

410.4 428 

G228 111 - 2009-09-29-01-A 213.4 

 

225.6 256.3 

  

213.1 

 

424.7 

  

321.9 325.1 

 

109.2 117 

 

145.7 

 

219.6 221.7 220.6 226.5 

  

410.7 428.3 

G228 111 - 2009-10-02-01-A 213.6 

     

213.9 

 

424.6 

  

322.3 325.5 

 

109.3 117.1 

 

145.7 

   

220.7 226.6 

  

410.5 428.1 

G228 111 - 2009-11-04-02-A 213.9 

 

226.3 257.1 

  

214.3 

 

424.6 

  

322.9 326.1 

 

110.5 118.2 

 

146 

 

220.2 222.3 220.8 226.8 

  

410.5 428.1 

G229 111 - 2009-09-17-01-A 211.3 

 

244.6 256.5 

  

210.3 

 

422.7 424.7 

 

325.2 

  

111.1 

  

145.7 

 

219.7 

 

226.5 

 

299.1 305.4 440.1 

 

G229 111 - 2009-09-29-01-A 211.1 213.1 

    

210 213.5 422.6 424.6 

 

312.4 324.9 

 

103.3 113 

 

145.7 

 

215.5 219.6 226.3 

 

299 305.2 410.7 440.1 

G229 111 - 2009-10-02-01-A 

      

210.4 213.8 422.7 424.7 

 

312.9 325.6 

 

103.5 

  

145.8 158.2 

  

226.6 

     

G229 111 - 2009-11-04-02-A 201.2 

 

244.1 257.6 152.6 

 

199.7 

 

422.6 424.6 

 

326.1 

  

113.1 118.2 

 

138.9 

 

212 

 

220.7 

 

299.5 305.8 439.8 

 

G230 111 - 2009-09-17-01-A 202.5 213.5 244.6 256.4 138.7 

 

207.2 213.5 420.7 422.7 

 

315.7 325.1 

 

103.3 113 

 

145.7 154 219.7 

 

226.5 

 

293.3 

 

422.4 428.2 

G231 111 - 2009-09-17-01-A 200.3 202.5 225.7 

 

147 185.4 210.3 212.6 420.8 424.8 

 

325.2 

  

113.2 115.1 

 

153 160.1 211.6 215.6 220.7 

 

305.4 322 434.3 440.2 

G232 111 - 2009-09-17-01-A 213.5 217.8 225.8 244.7 138.8 

 

212.6 

 

422.7 

  

312.7 325.3 

 

115.1 

  

154.1 162.1 215.7 217.8 220.7 228.7 307.6 311.7 428.3 440.1 

G233 111 - 2009-09-17-01-A 202.6 

 

225.9 256.6 

  

209.5 212.6 424.7 

  

325.4 

  

111.3 

  

145.8 153 220 221.9 220.7 228.7 301.2 318 440 

 

G233 111 - 2009-09-25-01-A 202.6 

 

226 256.8 

  

210.6 213.8 424.7 

  

325.7 

  

111.3 

  

145.8 153 222 

 

220.6 228.7 301.3 318.2 439.9 

 

G233 111 - 2009-09-29-01-A 202.6 

 

225.7 256.4 

  

210.4 213.4 424.7 

  

325.2 

  

111.2 

  

145.8 152.9 221.8 

 

220.6 228.6 301.2 318 440 

 

G233 111 - 2009-10-02-01-A 202.6 

 

226.1 256.9 

  

210.6 213.8 424.6 

  

325.7 

  

111.3 

  

145.8 153 

  

220.6 228.8 

  

439.9 

 

G233 111 - 2009-11-04-02-A 202.7 

 

226.1 256.9 156.9 163 210.7 213.9 424.7 

  

325.8 

  

112.3 

  

145.9 153.1 220.1 222.1 220.7 228.8 301.4 318.3 439.9 

 

G234 111 - 2009-09-17-01-A 200.4 202.6 244.8 247.9 

  

209.5 

 

422.5 

  

309.6 325.5 

    

153.1 154.2 217.9 

 

220.7 226.6 

  

442.9 445.8 

G234 111 - 2009-09-25-01-A 200.3 202.6 244.8 248 

  

210.3 

 

422.7 

  

309.7 325.6 

 

109.2 111.2 

 

152.9 154.1 217.8 

 

220.6 226.6 301.3 318.2 442.9 445.8 

G234 111 - 2009-09-29-01-A 200.3 202.5 244.6 247.8 

  

210.3 

 

422.7 

  

309.5 325.4 

 

109.3 111.2 

 

153 154.1 217.8 

 

220.6 226.5 301.2 318 443.1 446 

G234 111 - 2009-10-02-01-A 200.2 202.5 

    

210.9 

 

422.5 

  

309.6 325.6 

 

109.2 111.2 

 

152.9 154.1 217.9 

 

220.6 226.6 

  

442.8 445.7 

G234 111 - 2009-11-04-02-A 200.3 202.7 245 248.1 156.8 162.9 210.6 

 

422.7 

  

309.8 325.7 

 

110.2 112.2 

 

153 154.1 218 

 

220.7 226.7 301.4 318.2 442.9 445.9 

G235 111 - 2009-09-17-01-A 202.7 

 

226 256.6 138.8 

 

212.8 

 

422.6 

  

325.6 

  

113.4 119 

 

145.9 158.1 206.6 220 226.7 

 

313.7 318.1 428.1 
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G236 111 - 2009-09-25-01-A 202.6 213.5 244.9 256.7 

  

210.5 213.8 422.6 

  

322.4 325.6 

    

145.8 152.9 219.8 230.1 226.6 

 

293.4 

 

440 445.8 

G236 111 - 2009-09-29-01-A 202.3 213.1 244 255.9 

  

210 213.2 422.7 

  

321.6 324.7 

 

103.1 112.7 

 

145.6 152.7 219.3 229.5 226.3 

 

293 

 

440.2 446.1 

G236 111 - 2009-10-02-01-A 202.6 213.5 244.8 256.6 

  

210.5 213.7 422.6 

  

322.3 325.5 

 

103.3 113 

 

145.7 152.9 

  

226.6 

 

293.4 

 

440 445.9 

G236 111 - 2009-11-04-02-A 202.6 213.6 244.9 256.8 162.9 

 

210.6 213.9 422.6 

  

322.5 325.7 

 

104.4 114 

 

145.8 153 220 230.2 226.6 

 

293.5 

 

440 445.8 

G237 111 - 2009-09-17-01-A 202.5 

 

225.7 

   

210.3 213.5 422.6 

  

315.8 325.2 

      

211.5 221.7 226.5 

 

293.3 

   

G237 111 - 2009-09-25-01-A 202.6 213.5 226 245.1 256.9 

 

210.6 214 410.8 422.7 424.7 313.1 325.7 328.9 103.5 

  

145.9 

 

215.8 222 226.7 

 

293.5 

 

428.1 

 

G237 111 - 2009-09-29-01-A 202.2 213 225.1 243.8 

  

213 

 

410.8 424.7 

 

324.7 327.7 

 

110.9 112.9 

 

145.5 

 

221.2 

 

226.2 

 

293 

 

422.4 428.3 

G237 111 - 2009-11-04-02-A 202.6 213.6 226 245 156.8 162.8 214.1 

 

410.7 424.5 

 

325.8 329 

 

112.2 114.1 

 

145.8 

 

222 

 

226.8 

 

293.5 

 

422.1 428 

G238 111 - 2009-09-17-01-A 202.6 237.2 256.4 

 

138.7 

 

209.4 213.5 422.7 424.7 

 

312.7 325.2 

 

111.2 122.9 

 

152.9 158.1 219.7 

 

226.5 228.6 303.2 320 434.2 440.1 

G239 111 - 2009-09-17-01-A 202.4 213.3 225.4 

   

213 

    

315.3 324.7 

    

145.7 154.1 219.5 

 

226.3 

 

293 

 

428.2 440.1 

G239 111 - 2009-09-25-01-A 202.6 213.6 226 

   

214 

 

422.6 424.6 

 

316.3 325.7 

 

109.3 117.1 

 

145.8 154.2 220 

 

226.7 

 

293.5 

 

428 439.8 

G239 111 - 2009-09-29-01-A 202.3 213.2 225.2 

   

212.9 

 

422.7 424.6 

 

315.2 324.6 

 

109 116.8 

 

145.4 153.7 219.3 

 

226.2 

 

292.9 

 

428.3 440.1 

G239 111 - 2009-10-02-01-A 202.6 213.5 225.8 

   

213.5 

 

422.7 424.7 

 

316 325.5 

 

109.3 117 

 

145.7 154 

  

226.6 

 

293.4 

 

428.1 439.9 

G239 111 - 2009-11-04-02-A 202.7 213.8 226.2 

 

156.9 163 214.3 

 

422.7 424.7 

 

316.4 325.9 

 

110.4 118.1 

 

145.9 154.3 220.2 

 

226.9 

 

293.6 

 

428.1 439.9 

G240 111 - 2009-09-17-01-A 202.5 

 

225.7 

 

138.8 

 

213.5 

 

422.7 

  

325.1 

  

103.4 113.1 

 

145.7 152.9 215.7 219.7 226.5 228.6 293.2 

 

440.1 446 

G241 111 - 2009-09-17-01-A 202.5 215.8 

  

151.9 

 

213.5 

    

316 325.4 

        

226.5 

     

G241 111 - 2009-09-25-01-A 202.6 216 226.1 256.9 

  

213.8 

 

422.6 

  

316.5 325.9 

 

115.2 

  

154.1 

 

211.7 

 

226.8 

 

301.4 318.3 410.5 428.1 

G241 111 - 2009-09-29-01-A 202.4 215.5 225.3 255.9 151.8 

   

422.7 

  

315.6 324.9 

 

115 

  

153.8 

 

211.3 219.4 226.3 

 

301 317.7 410.7 428.3 

G241 111 - 2009-11-04-02-A 202.7 216.1 226.2 257 152 

 

213.8 

 

422.5 

  

316.5 325.9 

 

116.2 

  

154.3 

 

211.9 220.2 226.8 

 

301.4 318.3 410.4 428 

G242 111 - 2009-09-25-01-A 213.9 216.2 210.8 226.2 138.7 

 

210.7 

 

422.6 

  

326 329.1 

 

111.3 117.1 

 

145.9 162.3 218 

 

226.7 228.8 312.1 320.5 425 463 

G243 111 - 2009-09-17-01-A 213.6 215.9 225.9 244.8 138.7 

 

213.7 

 

422.7 

  

316 325.5 

 

103.4 109.3 

 

137.4 154.1 224 

 

226.6 

 

305.3 318 428.3 431.1 

G244 111 - 2009-09-17-01-A 202.7 213.7 226 244.9 151.9 

 

212.8 

 

422.8 424.7 

 

316.2 325.6 

 

103.5 115.3 

 

137.5 154.2 211.8 220.1 226.7 

 

293.4 

 

410.7 428.3 

G245 111 - 2009-09-17-01-A 213.5 

 

225.8 

 

138.7 

 

210.4 

 

422.8 

  

325.4 

  

111.2 117.8 

 

137.4 162 207.5 217.8 222.4 228.7 297.3 311.7 425.4 428.4 

G246 111 - 2009-09-17-01-A 202.5 

 

244.6 259.3 

  

210.3 213.5 422.8 

  

325.3 

  

114.9 122.8 

 

145.8 158.1 219.7 240.1 228.7 239.1 307.6 313.8 410.8 440.2 

G246 111 - 2009-09-25-01-A 202.7 

 

245.4 260 

  

210.9 214.1 422.7 

  

326.1 

  

113.9 123.1 

 

146 158.4 220.2 240.9 228.9 239.5 308 314.4 410.5 439.9 

G246 111 - 2009-09-29-01-A 202.4 

 

244 258.8 

  

210.1 213.2 422.7 

  

324.8 

  

114.9 122.9 

 

145.6 157.9 219.4 239.7 228.4 238.8 307.2 313.4 410.8 440.2 

G246 111 - 2009-10-02-01-A 202.5 

 

244.7 259.4 

  

210.4 213.6 422.7 

  

325.4 

  

114.8 122.8 

 

145.7 158 

  

228.6 239.2 

  

410.5 439.9 

G246 111 - 2009-11-04-02-A 202.8 

 

245.4 260 157.8 163 210.9 214.1 422.7 

  

326.1 

  

116.1 123 

 

146 158.4 220.2 240.9 228.9 239.5 308 314.3 410.5 439.9 

G247 111 - 2009-09-17-01-A 202.4 

 

225.6 

 

138.6 

 

210.2 

 

422.7 

  

325.3 

  

113.6 

  

156 158 211.5 219.6 220.5 226.5 293.3 

 

428.3 446 

G248 111 - 2009-09-17-01-A 205 213.4 225.6 

 

157 163 210.3 

 

424.6 

  

325.1 

  

111.1 113 

 

137.3 149.9 219.7 

 

226.5 

 

299 

 

440 451.7 

G249 111 - 2009-09-17-01-A 200.3 213.4 225.9 235.4 

  

210.4 213.5 422.7 

  

325.5 

  

112 115.1 

 

152.9 158 215.7 219.8 230.8 239.2 303.4 

 

428.3 434.2 
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Sample Run Marker1 Marker2 Marker3 Marker4 Marker5 Marker6 Marker7 Marker8 Marker9 Marker10 Marker11 Marker12 

G249 111 - 2009-09-25-01-A 200.4 213.5 226.1 235.6 

  

210.6 213.8 422.6 

  

325.7 

  

111.3 115.2 

 

153 158.2 215.8 220 230.9 239.4 303.4 

 

428.2 434 

G249 111 - 2009-09-29-01-A 200.1 213 225.4 234.7 

  

210 213.3 422.6 

  

324.7 

  

111 114.8 

 

152.7 157.8 215.3 219.4 230.5 238.9 303 

 

428.3 434.2 

G249 111 - 2009-10-02-01-A 200.4 213.4 225.9 235.4 

  

210.4 213.8 422.6 

  

325.5 

  

111.3 115.1 

 

152.9 158.1 

  

230.8 239.2 

  

428.1 434 

G249 111 - 2009-11-04-02-A 200.6 213.8 226.4 235.9 157.8 167.3 210.8 214.4 422.5 

  

326.1 

  

112.4 116.2 

 

153.2 158.4 216.2 220.3 231.1 239.6 303.6 

 

428 433.9 

G250 111 - 2009-09-17-01-A 200.2 202.5 225.8 256.6 

  

209.4 

 

422.8 

  

303.3 325.6 

 

114.9 122.7 

 

145.7 

 

211.6 

 

226.5 

 

291.5 

 

428.3 451.8 

G250 111 - 2009-11-04-02-A 

  

225.9 

 

155.6 161.8 209.5 

       

115 122.9 

 

145.8 

 

211.7 

       

G251 111 - 2009-09-17-01-A 197.5 

 

210.2 

              

182.4 

       

413 

 

G251 111 - 2009-09-25-01-A 215.5 220 225.8 256.7 

  

210.3 213.9 422.7 424.6 

 

325.6 328.7 

 

109.2 117 

 

137.4 158.1 215.6 217.7 226.7 234.9 299.2 313.9 410.5 428.1 

G251 111 - 2009-09-29-01-A 215.2 219.6 225.4 256 157.1 163.1 210.1 213.5 422.6 424.6 

 

324.8 327.9 

 

110 117.8 

 

137.2 157.9 215.3 217.4 226.4 234.7 298.9 313.4 410.6 428.3 

G251 111 - 2009-11-04-02-A 215.5 220.2 226 256.8 156.9 163 210.6 214.1 422.7 424.7 

 

325.7 328.9 

 

110.3 118.1 

 

137.5 158.2 215.8 217.9 226.8 235.1 299.3 314.1 410.6 428.2 

G252 111 - 2009-09-17-01-A 204.8 213.7 245 

   

210.6 213.8 422.7 

  

325.8 

  

113.2 117 

 

153 158.2 220.1 

 

226.7 

 

293.6 

 

434.2 442.9 

G252 111 - 2009-09-25-01-A 204.6 213.5 244.9 

   

210.4 213.7 422.5 

  

325.5 

  

113.1 117 

 

152.9 158.1 219.8 

 

226.6 237.1 293.4 

 

434 442.9 

G252 111 - 2009-09-29-01-A 204.6 213.3 244.2 

   

210.2 213.4 422.8 

  

324.9 

  

113.1 116.9 

 

152.9 158 219.5 

 

220.5 226.5 293.1 

 

434.3 443 

G252 111 - 2009-10-02-01-A 204.6 213.5 244.8 

   

210.5 213.6 422.7 

  

325.6 

  

113.1 117 

 

152.9 158.1 

  

226.5 237 

  

434 442.9 

G252 111 - 2009-11-04-02-A 204.8 213.6 244.9 

 

158.1 163 210.6 214 422.7 

  

325.6 

  

114.2 118 

 

153.1 158.3 220 

 

226.7 237.2 293.5 

 

434 442.9 

G253 111 - 2009-11-04-01-A 202.6 213.6 226 256.8 162.9 

 

207.4 210.6 422.6 

  

316.3 

  

112.2 116 

 

145.8 166 219.9 

 

226.6 228.7 293.5 

 

436.9 439.8 

G254 111 - 2009-11-04-01-A 202.4 213.5 225.9 

   

213.7 

 

422.6 

  

322.4 325.6 

 

110.3 112.2 

 

145.8 154.1 219.9 221.9 226.6 229.7 

  

428 433.9 

G255 111 - 2009-11-04-01-A 202.6 211.4 225.9 256.7 156.8 162.9 213.9 

 

422.6 

  

316.1 325.6 

 

110.2 114 

 

153 154.1 219.9 

 

226.6 237.1 318 

 

422 451.4 

G256 111 - 2009-11-04-01-A 213.7 216.1 226.1 235.6 156.8 162.9 210.7 213.9 

      

112.2 118 

 

145.9 

 

220.1 222.1 226.7 235.2 

    

G257 111 - 2009-11-04-01-A 202.6 213.5 226 

 

163 

 

210.6 

 

422.6 

  

325.7 328.9 

 

114.2 

  

145.9 160.3 217.9 222 226.6 

 

293.4 

 

434 445.8 

G258 111 - 2009-11-04-01-A 202.7 

 

226.1 256.9 

  

210.7 213.9 410.8 422.7 

 

322.7 325.8 

 

110.3 112.2 

 

145.9 156.3 218 220.1 226.7 228.8 291.7 

 

410.6 440 

G259 111 - 2009-11-04-01-A     245.1                 326     109.6     153   218.2   224.7           
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Table A.2: Allele scores calculated manually by experts in Pinus patula study 

Sample Marker1 Marker2 Marker3 Marker4 Marker5 Marker6 Marker7 Marker8 Marker9 Marker10 Marker11 Marker12 

AB195 200 203 227 227 157 163 211 214 421 425 326 326 114 116 152 160 212 216 221 235 306 323 434 440 

AB196 200 203 227 258 157 163 211 211 423 423 304 326 116 124 146 146 212 220 227 227 292 292 428 452 

AB197 212 218 

  

157 163 214 214 423 423 314 326 116 116 154 162 216 218 221 229 308 312 428 440 

AB198 203 214 227 246 152 152 214 214 423 425 317 326 104 116 138 154 212 220 227 227 294 294 410 428 

AB199 214 216 227 227 157 163 211 211 423 423 326 329 112 118 146 162 218 218 227 229 312 321 425 462 

AB200 203 212 227 258 157 163 214 214 423 423 317 326 110 114 152 154 220 220 227 237 319 319 422 452 

AB201 203 214 227 227 157 163 214 214 423 423 323 326 110 112 146 154 220 222 227 229 304 312 428 434 

AB202 214 216 227 227 157 163 211 214 411 425 326 326 110 118 138 146 212 216 227 227 294 294 431 440 

AB203 212 218 227 227 157 163 211 214 423 423 326 329 110 114 150 160 220 220 227 227 294 294 422 422 

AB204 203 203 227 258 157 163 211 214 425 425 326 326 112 112 146 152 222 222 221 229 302 319 440 440 

AB205 203 216 227 244 152 152 211 211 423 425 326 326 114 122 146 152 220 220 227 227 294 312 440 440 

AB206 200 203 244 249 157 163 211 211 423 423 310 326 110 112 152 154 218 218 221 227 302 319 443 446 

AB207 200 203 227 246 

  

211 211 423 425 317 326 118 118 154 154 218 218 233 237 306 314 422 431 

AB208 216 216 227 246 152 152 214 214 423 423 326 335 114 116 146 146 218 220 227 227 294 294 410 446 

AB209 214 216 227 236 

  

211 214 423 423 326 326 112 118 146 146 220 222 227 235 308 321 434 462 

AB210 203 214 227 256 163 163 211 214 423 425 317 329 114 116 146 152 222 227 223 227 294 294 428 437 

AB211 200 203 227 260 152 152 211 211 423 423 317 317 112 114 146 160 212 216 233 237 308 308 434 434 

AB212 203 214 227 258 163 163 208 211 423 423 317 317 112 116 146 166 220 220 227 229 294 294 437 440 

AB213 203 216 227 244 157 157 211 216 423 423 317 326 114 120 138 140 212 220 229 237 304 304 428 428 

AB214 203 214 244 258 157 163 208 214 421 423 317 326 104 114 146 154 220 220 227 227 294 294 422 428 

AB215 212 212 246 258 163 163 211 211 423 425 326 326 114 120 146 146 220 220 227 227 300 306 440 440 

AB216 203 214 244 258 157 163 208 214 425 425 323 326 112 118 156 158 216 220 227 227 314 314 431 449 

AB217 203 214 246 258 146 163 211 214 423 423 323 326 104 114 146 152 220 230 227 227 294 294 440 446 

AB218 203 214 227 258 163 163 208 211 423 423 317 317 112 116 146 166 220 220 227 229 294 294 437 440 

AB219 203 216 227 246 157 157 214 214 423 423 317 326 104 110 138 154 220 225 227 227 294 294 431 452 

AB220 203 214 227 227 163 163 211 211 423 423 326 329 114 114 146 160 218 222 227 227 294 294 434 446 

AB221 212 216 227 244 157 157 

  

423 423 317 326 104 110 138 154 225 225 227 227 306 319 428 431 

AB222 203 203 246 260 157 163 211 214 423 423 326 326 116 124 146 158 220 240 229 239 308 314 410 440 

AB223 203 203 227 260 

  

211 211 411 411 326 326 114 122 146 152 216 220 227 227 310 314 410 422 

AB224 214 214 227 227 157 163 211 211 423 423 326 326 112 118 138 162 207 218 223 229 298 312 425 428 

 
 
 



 

 

129 

Sample Marker1 Marker2 Marker3 Marker4 Marker5 Marker6 Marker7 Marker8 Marker9 Marker10 Marker11 Marker12 

AB225 220 220 246 249 152 152 211 214 423 425 317 326 110 110 152 156 218 220 229 237 314 314 428 434 

AB226 210 216 227 227 157 157 195 214 423 423 317 326 114 116 146 160 220 220 221 227 294 294 440 446 

AB227 214 220 227 258 167 167 211 214 423 425 314 326 104 116 146 158 216 222 227 227 319 319 410 428 

AB228 200 203 227 244 167 167 211 211 423 425 317 326 118 118 154 154 218 218 233 237 306 314 422 431 

AB229 203 216 227 258 

  

214 214 423 423 317 326 116 116 154 154 212 220 227 227 302 319 410 428 

AB230 203 203 227 258 157 157 211 214 411 423 323 326 110 112 146 156 218 220 227 229 292 292 410 440 

AB231 203 214 

    

214 214 423 423 323 326 110 112 146 154 220 222 227 229 304 312 

  

AB232 200 203 227 227 157 163 211 214 421 425 326 326 114 116 152 160 212 216 221 235 306 323 434 440 

AB233 212 218 227 246 157 163 214 214 423 423 314 326 116 116 154 162 216 218 221 229 308 312 428 440 

AB234 203 216 227 258 152 152 214 214 423 423 317 326 116 116 154 154 212 220 227 227 302 319 410 428 

AB235 214 216 227 227 157 163 211 211 423 423 326 329 112 118 146 162 218 218 227 229 312 321 425 462 

AB236 214 216 227 227 157 163 211 214 411 425 326 326 110 118 138 146 212 216 227 227 294 294 431 440 

AB237 200 203 244 249 157 163 211 211 423 423 310 326 110 112 152 154 218 218 221 227 302 319 443 446 

AB238 203 214 227 227 163 163 211 211 423 423 326 329 114 114 146 160 218 222 227 227 294 294 434 446 

AB239 203 214 227 246 152 152 214 214 423 425 317 326 104 116 138 154 212 220 227 227 294 294 410 428 

AB240 203 214 227 258 163 163 211 214 423 425 317 329 114 116 146 152 222 227 223 227 294 312 428 437 

AB241 200 203 227 260 152 152 211 211 423 423 317 317 112 114 146 160 212 216 233 237 308 308 434 434 

AB242 203 203 246 260 

  

211 214 423 423 326 326 116 124 146 158 220 240 229 239 308 314 410 440 

AB243 203 203 227 258 157 163 211 214 425 425 326 326 112 112 146 152 222 222 221 229 302 319 440 440 

AB244 203 214 244 258 157 163 208 214 421 423 317 326 104 114 146 154 220 220 227 227 294 294 422 428 

AB245 200 203 227 246 157 167 211 211 423 425 317 326 118 118 154 154 218 218 233 237 306 314 422 431 

AB246 203 214 227 258 163 163 208 211 423 423 317 317 112 116 146 166 220 220 227 229 294 294 437 440 

AB247 200 200 227 249 157 163 211 214 411 423 323 326 114 114 146 146 218 220 227 239 317 319 440 440 

AB248 214 216 227 236 157 163 211 214 423 423 326 326 112 118 146 146 220 222 227 235 308 321 434 462 

AB249 203 214 227 256 163 163 211 214 423 425 317 329 114 116 146 152 222 227 223 227 294 294 428 437 

AB250 212 216 227 244 157 157 214 214 423 423 317 326 104 110 138 154 225 225 227 227 306 319 428 431 

AB251 203 212 227 258 157 163 214 214 423 423 317 326 110 114 152 154 220 220 227 237 319 319 422 452 

AB252 203 214 227 227 157 163 

  

423 423 323 326 110 112 146 154 220 222 227 229 304 312 428 434 

AB253 214 216 227 227 152 152 211 214 421 423 326 326 114 114 146 166 216 220 227 239 312 319 410 437 

AB254 212 218 227 227 

  

211 214 423 423 326 329 110 114 150 160 220 220 227 227 294 294 422 422 

AB255 216 216 

  

157 163 214 214 423 423 317 326 114 116 152 154 220 220 227 227 294 294 428 440 
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Sample Marker1 Marker2 Marker3 Marker4 Marker5 Marker6 Marker7 Marker8 Marker9 Marker10 Marker11 Marker12 

AB256 214 216 227 227 157 163 211 211 423 423 326 329 112 118 146 162 218 218 227 229 312 321 425 462 

AB257 203 214 227 258 163 163 208 211 423 423 317 317 112 116 146 166 220 220 227 229 294 294 437 440 

AB258 200 203 227 258 

  

211 214 423 423 326 326 114 118 146 146 222 227 227 229 

  

434 440 

AB259 203 203 227 256 157 163 211 214 425 425 326 326 112 112 146 152 222 222 221 229 302 319 440 440 

AB260 203 212 227 227 

  

214 214 423 425 317 326 110 118 146 154 220 220 

  

294 294 428 440 

AB261 203 216 227 244 152 152 211 211 423 425 326 326 114 122 146 152 220 220 227 227 294 312 440 440 

AB262 212 212 246 258 163 163 211 211 423 425 326 326 114 120 146 146 220 220 227 227 300 306 440 440 

AB263 214 216 227 227 157 163 211 211 423 423 326 329 112 118 146 162 218 218 227 229 312 321 425 462 

AB264 210 216 227 227 157 157 195 214 423 423 317 326 114 116 146 160 220 220 221 227 294 294 440 446 

AB265 200 203 227 260 152 152 211 211 423 423 317 317 112 114 146 160 212 216 233 237 308 308 434 434 

AB266 203 216 227 246 157 157 214 214 423 423 317 326 104 110 138 154 220 225 227 227 294 294 431 452 

AB267 203 203 227 258 157 163 211 214 425 425 326 326 112 112 146 152 222 222 221 229 302 319 440 440 

AB268 214 214 227 227 157 163 

  

423 423 326 326 112 118 138 162 207 218 223 229 298 312 425 428 

AB269 212 218 227 227 

  

211 214 423 423 326 329 110 114 150 160 220 220 227 227 294 294 422 422 

AB270 203 216 227 258 152 152 214 214 423 423 317 326 116 116 154 154 212 220 227 227 302 319 410 428 

AB271 214 214 227 258 157 163 214 214 425 425 323 326 110 118 146 146 220 222 221 227 319 325 410 428 

AB272 212 218 227 244 157 163 214 214 423 423 314 326 116 116 154 162 216 218 221 229 308 312 428 440 

AB273 214 214 227 227 157 163 211 211 423 423 326 326 112 118 138 162 207 218 223 229 298 312 425 428 

AB274 200 214 227 236 167 167 211 214 423 423 326 326 112 116 152 158 216 220 231 239 304 304 428 434 

AB275 212 212 246 258 163 163 211 211 423 425 326 326 114 120 146 146 220 220 227 227 300 306 440 440 

AB276 203 214 227 256 163 163 211 214 423 425 317 329 114 116 146 152 222 227 223 227 294 294 428 437 

AB277 203 216 227 244 152 152 211 211 423 425 326 326 114 122 146 152 220 220 227 227 294 312 440 440 

AB278 214 216 227 227 157 163 211 214 411 425 326 326 110 118 138 146 212 216 227 227 294 294 431 440 

AB279 203 203 227 227 157 163 214 214 423 425 317 326 

  

146 154 220 220 227 227 294 294 428 440 

AB280 203 214 227 227 163 163 211 211 423 423 326 329 114 114 146 160 218 222 227 227 294 294 434 446 

AB281 212 216 227 244 157 157 214 214 423 423 317 326 104 110 138 154 225 225 227 227 306 319 428 431 

AB282 203 214 227 227 157 163 214 214 423 423 323 326 110 112 146 154 220 222 227 229 304 312 428 434 

AB283 203 216 227 244 157 157 214 214 423 423 317 326 104 110 138 154 220 225 227 227 294 294 431 452 

AB284 212 218 227 244 157 163 214 214 423 423 314 326 116 116 154 162 216 218 221 229 308 312 428 440 

AB285 203 203 227 256 157 157 211 214 411 423 323 326 110 112 146 156 218 220 227 229 292 292 410 440 

AB286 203 203 246 260 

  

211 214 423 423 326 326 116 124 146 158 220 240 229 239 308 314 410 440 
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Sample Marker1 Marker2 Marker3 Marker4 Marker5 Marker6 Marker7 Marker8 Marker9 Marker10 Marker11 Marker12 

AB287 203 212 227 258 157 163 214 214 423 423 317 326 110 114 152 154 220 220 227 237 

  

422 452 

AB288 203 214 

    

211 214 423 423 323 326 104 114 146 152 220 230 227 227 294 294 440 446 

AB289 214 216 227 236 157 163 211 214 423 423 326 326 112 118 146 146 220 222 227 235 308 321 434 462 

AB290 200 200 227 249 

  

211 211 411 423 323 326 114 114 146 146 218 220 227 239 317 319 440 440 

AB291 203 216 227 258 152 152 214 214 423 423 317 326 116 116 154 154 212 220 227 227 302 319 410 428 

AB292 203 214 227 258 163 163 208 211 423 423 317 317 112 116 146 166 220 220 227 229 294 294 437 440 

AB293 200 203 227 260 152 152 211 211 423 423 317 317 112 114 146 160 212 216 233 237 308 308 434 434 

AB294 203 216 227 258 152 152 214 214 423 423 317 326 116 116 154 154 212 220 227 227 302 319 410 428 

AB295 200 203 227 244 167 167 211 211 423 425 317 326 118 118 154 154 218 218 233 237 306 314 422 431 

AB296 203 216 227 244 152 152 211 211 423 425 326 326 114 122 146 152 220 220 227 227 294 312 440 440 

AB297 203 214 227 227 157 163 214 214 423 423 323 326 110 112 146 154 220 222 227 229 304 312 428 434 

AB298 203 203 227 258 

  

211 214 425 425 326 326 112 112 146 152 222 222 221 229 302 319 440 440 

AB299 212 216 227 244 157 157 214 214 423 423 317 326 104 110 138 154 225 225 227 227 306 319 428 431 

AB300 214 216 227 227 157 163 211 211 423 423 326 329 112 118 146 162 218 218 227 229 312 321 425 462 

AB301 200 203 227 260 152 152 211 211 423 423 317 317 112 114 146 160 212 216 233 237 308 308 434 434 

AB302 203 214 244 256 163 163 211 214 423 423 323 326 104 114 146 152 220 230 227 227 294 294 440 446 

AB303 214 214 227 227 157 163 211 211 423 423 326 326 112 118 138 162 207 218 223 229 298 312 425 428 

AB304 203 214 227 256 163 163 211 214 423 425 317 329 114 116 146 152 222 227 223 227 294 294 428 437 

AB305 203 214 244 258 157 163 208 214 421 423 317 326 104 114 146 154 220 220 227 227 294 294 422 428 

AB306 203 203 227 258 157 157 211 214 411 423 323 326 110 112 146 156 218 220 227 229 292 292 410 440 

AB307 200 214 227 236 167 167 211 214 423 423 326 326 112 116 152 158 216 220 231 239 304 304 428 434 

AB308 200 206 227 244 157 163 211 214 423 423 323 329 114 118 152 158 218 222 227 227 319 319 431 440 

AB309 220 220 246 249 152 152 211 214 423 425 317 326 110 110 152 156 218 220 229 237 314 314 428 434 

AB310 203 216 227 246 157 157 214 214 423 423 317 326 104 110 138 154 220 225 227 227 294 294 431 452 

AB311 203 203 227 227 157 163 211 211 423 423 326 326 116 120 156 158 212 220 221 227 294 294 428 446 

AB312 212 212 246 258 163 163 211 211 423 425 326 326 114 120 146 146 220 220 227 227 300 306 440 440 

AB313 203 214 227 246 157 163 214 214 411 425 326 329 112 114 146 146 222 222 227 227 294 294 422 428 

AB314 203 203 227 258 157 157 211 214 411 423 323 326 110 112 146 156 218 220 227 229 292 292 410 440 

AB315 212 218 227 244 157 163 214 214 423 423 314 326 116 116 154 162 216 218 221 229 308 312 428 440 

AB316 203 214 244 258 157 163 208 214 421 423 317 326 104 114 146 154 220 220 227 227 294 294 422 428 

AB317 203 212 227 258 157 163 214 214 423 423 317 326 110 114 152 154 220 220 227 237 319 319 422 452 
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Sample Marker1 Marker2 Marker3 Marker4 Marker5 Marker6 Marker7 Marker8 Marker9 Marker10 Marker11 Marker12 

AB318 203 216 227 246 157 157 214 214 423 423 317 326 104 110 

  

220 225 227 227 294 294 431 452 

AB319 203 203 244 258 163 163 211 211 423 423 314 326 114 116 146 154 220 227 227 227 294 294 422 449 

AB320 200 214 

  

142 167 211 214 423 423 326 326 

  

152 158 216 220 231 239 304 304 428 434 

AB321 212 218 227 227 

  

211 214 423 423 326 329 110 114 150 160 220 220 227 227 294 294 422 422 

AB322 203 203 246 260 

  

211 214 423 423 326 326 116 124 146 158 220 240 229 239 308 314 410 440 

AB323 200 200 227 249 157 163 211 214 411 423 323 326 114 114 146 146 218 220 227 239 317 319 440 440 

AB324 203 203 227 244 163 163 214 214 423 423 329 342 112 116 154 158 220 222 227 227 294 294 428 440 

AB325 203 214 244 256 157 163 211 211 423 425 326 326 114 124 152 152 205 220 227 227 298 298 410 428 

AB326 203 214 227 227 157 163 214 214 423 423 323 326 

  

146 154 220 222 227 229 304 312 428 434 

AB327 203 203 246 260 

  

211 214 423 423 326 326 116 122 146 158 220 240 229 239 308 314 410 440 

AB328 212 218 227 244 157 163 214 214 423 423 314 326 116 116 154 162 216 218 221 229 308 312 428 440 

AB329 203 216 227 258 152 152 214 214 423 423 317 326 116 116 154 154 212 220 227 227 302 319 410 428 

AB330 214 220 229 229 157 157 201 218 423 423 317 326 114 116 146 160 222 222 223 229 294 294 440 446 

AB331 214 216 227 227 157 163 211 214 411 425 326 326 110 118 138 146 212 216 227 227 294 294 431 440 

AB332 203 216 227 246 157 157 214 214 423 423 317 326 104 110 138 154 220 225 227 227 294 294 431 452 

AB333 214 218 227 244 157 163 214 214 423 423 314 326 116 116 154 162 216 218 221 229 308 312 428 440 

AB334 203 214 

  

163 163 211 211 423 423 326 329 114 114 146 160 218 222 227 227 294 294 434 446 

AB335 203 214 227 244 152 152 214 214 423 425 317 326 

  

138 154 212 220 227 227 294 294 410 428 

AB336 200 203 227 260 152 152 211 211 423 423 317 317 112 114 146 160 212 216 233 237 308 308 434 434 

AB337 214 216 227 227 152 152 211 214 421 423 326 326 114 114 146 166 216 220 227 239 312 319 410 437 

AB338 203 203 227 258 

  

211 214 425 425 326 326 112 112 146 152 222 222 221 229 302 319 440 440 

AB339 214 218 227 244 157 163 

  

423 423 314 326 116 116 154 162 216 218 221 229 308 312 428 440 

AB340 214 216 227 236 157 163 211 214 423 423 326 326 112 118 146 146 220 222 227 235 308 321 434 462 

AB341 203 203 227 260 157 163 211 211 411 411 326 326 114 122 146 152 216 220 227 227 310 314 410 422 

AB342 212 212 246 258 163 163 211 211 423 425 326 326 114 120 146 146 220 220 227 227 300 306 440 440 

AB343 210 216 227 227 157 157 195 214 423 423 317 326 114 116 146 160 220 220 221 227 294 294 440 446 

AB344 212 218 227 227 157 163 211 214 423 423 326 329 110 114 150 160 220 220 227 227 294 294 422 422 

AB345 212 218 227 244 157 163 214 214 423 423 314 326 116 116 154 162 216 218 221 229 308 312 428 440 

AB346 200 214 227 227 157 163 211 216 411 423 323 326 110 124 160 164 218 220 223 227 319 319 434 446 

AB347 212 216 227 244 157 157 

  

423 423 317 326 104 110 138 154 225 225 227 227 306 319 428 431 

AB348 210 216 227 227 146 157 195 214 423 423 317 326 

  

146 160 220 220 221 227 294 294 440 446 
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Sample Marker1 Marker2 Marker3 Marker4 Marker5 Marker6 Marker7 Marker8 Marker9 Marker10 Marker11 Marker12 

AB349 203 214 227 256 163 163 211 214 423 425 317 329 114 116 146 152 222 227 223 227 294 294 428 437 

AB350 214 216 227 227 157 163 211 211 423 423 326 329 112 118 146 162 218 218 227 229 312 321 425 462 

AB351 200 214 227 227 

  

211 216 411 423 323 326 

  

160 164 218 220 223 227 319 319 434 446 

AB352 200 203 210 227 157 157 211 211 421 423 317 326 114 124 138 146 220 227 229 229 

  

428 440 

AB353 203 203 246 260 

  

211 214 423 423 326 326 116 124 146 158 220 240 229 239 

  

410 440 

AB354 214 216 227 227 157 163 211 214 411 425 326 326 

  

138 146 212 216 227 227 294 294 431 440 

AB355 200 203 227 258 157 163 211 211 423 423 304 326 116 124 146 146 212 220 227 227 292 292 428 452 

AB356 200 203 227 244 167 167 211 211 423 425 317 326 118 118 154 154 218 218 233 237 306 314 422 431 

AB357 214 214 227 227 157 163 211 211 423 423 326 326 112 118 138 162 207 218 223 229 298 312 425 428 

AB358 203 214 227 256 163 163 211 214 423 425 317 329 114 116 146 152 222 227 223 227 294 294 428 437 

AB359 203 214 227 227 163 163 211 211 423 423 326 329 114 114 146 160 218 222 227 227 294 294 434 446 

AB360 203 216 227 258 152 152 214 214 423 423 317 326 116 116 154 154 212 220 227 227 302 319 410 428 

AB361 212 212 246 258 163 163 211 211 423 425 326 326 114 120 146 146 220 220 227 227 300 306 440 440 

AB362 212 216 227 244 157 157 214 214 423 423 317 326 104 110 138 154 225 225 227 227 306 319 428 431 

AB363 210 216 227 227 157 157 195 214 423 423 317 326 114 116 146 160 220 220 221 227 294 294 440 446 

AB364 214 216 227 236 157 163 211 214 423 423 326 326 112 118 146 146 220 222 227 235 308 321 434 462 

AB365 203 214 227 246 152 152 214 214 423 425 317 326 104 116 138 154 212 220 227 227 294 294 410 428 

AB366 200 203 227 227 157 163 211 214 423 423 314 326 104 114 138 146 212 218 227 227 294 294 431 440 

AB367 203 203 227 227 157 163 214 214 423 425 317 326 

  

146 154 220 220 227 227 294 294 428 440 

AB368 203 212 227 258 157 163 214 214 423 423 317 326 110 114 152 154 220 220 227 237 319 319 422 452 

AB369 200 203 227 246 

  

211 211 423 425 317 326 118 118 154 154 218 218 233 237 

  

422 431 

AB370 203 214 227 258 163 163 211 214 423 425 317 329 114 116 146 152 222 227 223 227 294 312 428 437 

AB371 214 216 227 227 

  

211 211 423 423 326 329 112 118 146 162 218 218 227 229 312 321 425 462 

AB372 212 218 227 244 157 163 214 214 423 423 314 326 116 116 154 162 216 218 221 229 308 312 428 440 

AB373 203 203 227 258 157 163 211 214 425 425 326 326 112 112 146 152 222 222 221 229 302 319 440 440 

AB374 203 216 227 244 157 157 214 214 423 423 317 326 104 110 138 154 220 225 227 227 294 294 431 452 

AB375 212 218 227 244 157 163 

  

423 423 314 326 114 116 154 162 216 218 221 229 308 312 428 440 

AB376 203 238 258 258 157 163 211 214 423 425 314 326 112 124 152 158 220 220 227 229 304 321 434 440 

AB377 203 214 227 227 163 163 211 211 423 423 326 329 114 114 146 160 218 222 227 227 294 294 434 446 

AB378 203 214 227 246 157 163 214 214 411 425 326 329 112 114 146 146 222 222 227 227 294 294 422 428 

AB379 214 214 227 258 157 163 214 214 425 425 323 326 110 118 146 146 220 222 221 227 319 325 410 428 
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Sample Marker1 Marker2 Marker3 Marker4 Marker5 Marker6 Marker7 Marker8 Marker9 Marker10 Marker11 Marker12 

AB380 203 216 227 246 157 157 214 214 423 423 317 326 104 110 138 154 220 225 227 227 294 294 431 452 

AB381 203 214 227 256 163 163 211 214 423 425 317 329 114 116 146 152 222 227 223 227 294 312 428 437 

AB382 203 203 227 260 157 163 211 211 411 411 326 326 114 122 146 152 216 220 227 227 310 314 410 422 

AB383 203 214 227 244 163 163 211 214 423 423 323 326 114 116 146 150 218 218 227 229 294 294 437 440 

AB384 214 216 227 227 157 163 211 211 423 423 326 329 112 118 146 162 218 218 227 229 312 321 425 462 

AB385 200 203 227 258 157 163 211 211 423 423 304 326 116 124 146 146 212 220 227 227 292 292 428 452 

G217 203 214 244 256 

  

211 211 423 425 326 326 114 124 152 152 205 220 227 227 298 298 410 428 

G218 200 203 227 227 157 163 211 214 423 423 314 326 104 114 138 146 212 218 227 227 294 294 431 440 

G219 203 214 227 236 167 167 211 214 423 425 326 326 116 118 158 158 216 222 227 231 304 304 428 440 

G220 210 216 227 227 157 157 195 214 423 423 317 326 114 116 146 160 220 220 221 227 294 294 440 446 

G221 203 203 246 260 157 163 211 214 423 423 326 326 116 124 146 158 220 240 229 239 308 314 410 440 

G222 200 203 227 258 157 163 211 214 423 423 326 326 114 118 146 146 222 227 227 229 317 319 434 440 

G223 214 220 227 258 

  

211 214 423 425 314 326 104 116 146 158 216 222 227 227 317 333 410 428 

G224 203 214 227 256 163 163 211 214 423 425 317 329 114 116 146 152 222 227 223 227 294 294 428 437 

G225 203 216 227 227 

  

211 214 423 425 326 326 114 116 146 152 218 222 227 227 302 306 428 437 

G226 200 216 227 244 

  

211 214 423 423 326 326 95 114 152 158 216 218 223 227 312 321 422 431 

G227 200 206 227 244 

  

211 214 423 423 323 329 114 118 152 158 218 222 227 239 319 319 431 440 

G228 214 214 227 258 157 163 214 214 425 425 323 326 110 118 146 146 220 222 221 227 319 325 410 428 

G229 212 212 246 258 163 163 211 211 423 425 326 326 114 120 146 146 220 220 227 227 300 306 440 440 

G230 203 214 244 258 

  

208 214 421 423 317 326 104 114 146 154 220 220 227 227 294 294 422 428 

G231 200 203 227 227 

  

211 214 421 425 326 326 114 116 152 160 212 216 221 235 306 323 434 440 

G232 212 218 227 244 

  

214 214 423 423 314 326 116 116 154 162 216 218 221 229 308 312 428 440 

G233 203 203 227 258 157 163 211 214 425 425 326 326 112 112 146 152 222 222 221 229 302 319 440 440 

G234 200 203 244 249 157 163 211 211 423 423 310 326 110 112 152 154 218 218 221 227 302 319 443 446 

G235 203 203 227 256 

  

214 214 423 423 326 326 114 120 146 158 207 220 227 227 314 319 428 428 

G236 203 214 246 258 146 163 211 214 423 423 323 326 104 114 146 152 220 230 227 227 294 294 440 446 

G237 203 214 227 246 157 163 214 214 411 425 326 329 112 114 146 146 222 222 227 227 294 294 422 428 

G238 203 238 258 258 

  

211 214 423 425 314 326 112 124 152 158 220 220 227 229 304 321 434 440 

G239 203 203 227 227 157 163 214 214 423 425 317 326 110 118 146 154 220 220 227 227 294 294 428 440 

G240 203 203 227 227 

  

214 214 423 423 326 326 104 114 146 152 216 220 227 229 294 294 440 446 

G241 203 216 227 258 152 152 214 214 423 423 317 326 116 116 154 154 212 220 227 227 302 319 410 428 
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Sample Marker1 Marker2 Marker3 Marker4 Marker5 Marker6 Marker7 Marker8 Marker9 Marker10 Marker11 Marker12 

G242 214 216 227 227 

  

211 211 423 423 326 329 112 118 146 162 218 218 227 229 312 321 425 462 

G243 212 216 227 244 

  

214 214 423 423 317 326 104 110 138 154 225 225 227 227 306 319 428 431 

G244 203 214 227 246 152 152 214 214 423 425 317 326 104 116 138 154 212 220 227 227 294 294 410 428 

G245 214 214 227 227 

  

211 211 423 423 326 326 112 118 138 162 207 218 223 229 298 312 425 428 

G246 203 203 246 260 157 163 211 214 423 423 326 326 116 124 146 158 220 240 229 239 308 314 410 440 

G247 203 203 227 227 

  

211 211 423 423 326 326 

  

156 158 212 220 221 227 294 294 428 446 

G248 206 214 227 227 157 163 211 211 425 425 326 326 112 114 138 150 220 220 227 227 300 300 440 452 

G249 200 214 227 236 167 167 211 214 423 423 326 326 112 116 152 158 216 220 231 239 304 304 428 434 

G250 200 203 227 258 157 163 211 211 423 423 304 326 116 124 146 146 212 220 227 227 292 292 428 452 

G251 216 220 227 256 157 163 211 214 423 425 326 329 110 118 138 158 216 218 227 235 300 314 410 428 

G252 206 214 244 244 157 163 211 214 423 423 326 326 114 118 152 158 220 220 227 237 294 294 434 443 

G253 203 214 227 258 163 163 208 211 423 423 317 317 112 116 146 166 220 220 227 229 294 294 437 440 

G254 203 214 227 227 157 163 214 214 423 423 323 326 110 112 146 154 220 222 227 229 304 312 428 434 

G255 203 212 227 258 157 163 214 214 423 423 317 326 110 114 152 154 220 220 227 237 319 319 422 452 

G256 214 216 227 236 157 163 211 214 423 423 326 326 112 118 146 146 220 222 227 235 308 321 434 462 

G257 203 214 227 227 163 163 211 211 423 423 326 329 114 114 146 160 218 222 227 227 294 294 434 446 

G258 203 203 227 258 157 157 211 214 411 423 323 326 110 112 146 156 218 220 227 229 292 292 410 440 

G259 200 203 227 227 157 157 211 211 421 423 317 326 114 124 138 146 220 227 229 229 319 321 428 440 
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Table A.3: Allele scores calculated using GenoSonic in Pinus patula study 

Sample Marker1 Marker2 Marker3 Marker4 Marker5 Marker6 Marker7 Marker8 Marker9 Marker10 Marker11 Marker12 

AB195 200 203 226 

 

157 163 210 214 421 425 326 

 

114 116 153 160 212 216 221 235 306 322 434 440 

AB196 200 203 226 257 157 163 210 

 

423 

 

303 326 116 124 146 

 

212 220 227 

 

292 

 

428 451 

AB197 214 218 

  

157 163 214 

 

423 

 

313 326 116 

 

154 162 216 218 221 229 308 312 428 440 

AB198 203 214 226 245 152 

 

214 

 

423 425 316 326 104 116 137 154 212 220 227 

 

293 

 

411 428 

AB199 214 216 226 

 

157 163 210 

 

423 

 

326 329 112 118 146 162 218 

 

227 229 312 320 425 463 

AB200 203 212 226 257 157 163 214 

 

423 

 

316 326 110 114 153 154 220 

 

227 237 318 

 

422 451 

AB201 203 214 226 

 

157 163 214 

 

423 

 

323 326 110 112 146 154 220 222 227 230 303 312 428 434 

AB202 214 216 226 

 

157 163 211 214 411 425 326 

 

111 118 137 146 212 216 227 

 

293 

 

431 440 

AB203 212 218 226 

 

157 163 210 214 423 

 

326 329 110 114 150 160 220 

 

227 

 

293 

 

422 

 

AB204 203 

 

226 257 157 163 210 214 425 

 

326 

 

112 

 

146 153 222 

 

221 229 301 318 440 

 

AB205 203 216 226 245 152 

 

210 

 

423 425 326 

 

114 123 146 153 220 

 

227 

 

293 312 440 

 

AB206 200 203 245 248 157 163 210 

 

423 

 

310 326 110 112 153 154 218 

 

221 227 301 318 443 446 

AB207 200 203 226 245 

  

210 

 

423 425 316 326 118 

 

154 

 

218 

 

233 237 306 314 422 431 

AB208 216 

 

226 245 152 

 

214 

 

423 

 

326 336 114 116 146 

 

218 220 227 

 

293 

 

411 446 

AB209 214 216 226 236 

  

210 214 423 

 

326 

 

112 118 146 

 

220 222 227 235 308 320 434 463 

AB210 203 214 226 257 163 

 

210 214 423 425 316 329 114 116 146 153 222 228 222 227 293 

 

428 437 

AB211 200 203 226 260 152 

 

210 

 

423 

 

316 

 

112 114 146 160 212 216 233 237 308 

 

434 

 

AB212 203 214 226 257 163 

 

207 210 423 

 

316 

 

112 116 146 166 220 

 

227 229 293 

 

437 440 

AB213 203 216 226 245 157 

 

210 217 423 

 

316 326 114 120 137 139 212 220 229 237 303 

 

428 

 

AB214 203 214 245 257 157 163 207 214 421 423 316 326 104 114 146 154 220 

 

227 

 

293 

 

422 428 

AB215 212 

 

245 257 163 

 

210 

 

423 425 326 

 

114 120 146 

 

220 

 

227 

 

299 306 440 

 

AB216 203 214 245 257 157 163 207 214 425 

 

323 326 112 118 156 158 216 220 227 

 

314 

 

431 449 

AB217 203 214 245 257 147 163 210 214 423 

 

323 326 104 114 146 153 220 230 227 

 

293 

 

440 446 

AB218 203 214 226 257 163 

 

207 211 423 

 

316 

 

112 116 146 166 220 

 

227 229 293 

 

437 440 

AB219 203 216 226 245 157 

 

214 

 

423 

 

316 326 104 110 137 154 220 224 227 

 

293 

 

431 451 

AB220 203 214 226 

 

163 

 

210 

 

423 

 

326 329 114 

 

146 160 218 222 227 

 

293 

 

434 446 

AB221 214 216 226 245 157 

   

423 

 

316 326 104 110 137 154 224 

 

227 

 

306 318 428 431 

AB222 203 

 

245 260 157 163 210 214 423 

 

326 

 

116 124 146 158 220 240 229 239 308 314 411 440 

AB223 203 

 

226 260 

  

210 

 

411 

 

326 

 

114 123 146 153 216 220 227 

 

310 314 411 422 

AB224 214 

 

226 

 

157 163 210 

 

423 

 

326 

 

112 118 137 162 208 218 222 229 297 312 425 428 
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Sample Marker1 Marker2 Marker3 Marker4 Marker5 Marker6 Marker7 Marker8 Marker9 Marker10 Marker11 Marker12 

AB225 220 

 

245 248 152 

 

210 214 423 425 316 326 110 

 

153 156 218 220 229 237 314 

 

428 434 

AB226 209 216 226 

 

157 

 

195 214 423 

 

316 326 114 116 146 160 220 

 

221 227 293 

 

440 446 

AB227 214 220 226 257 167 

 

210 214 423 425 313 326 104 116 146 158 216 222 227 

 

318 

 

411 428 

AB228 200 203 226 245 167 

 

210 

 

423 425 316 326 118 

 

154 

 

218 

 

233 237 306 314 422 431 

AB229 203 216 226 257 152 

 

214 

 

423 

 

316 326 116 

 

154 

 

212 220 227 

 

301 318 411 428 

AB230 203 

 

226 257 157 

 

210 214 411 423 323 326 110 112 146 156 218 220 227 229 292 

 

411 440 

AB231 203 214 

    

214 

 

423 

 

323 326 110 112 146 154 220 222 227 230 303 312 

  

AB232 200 203 226 

 

157 163 210 214 421 425 326 

 

114 116 153 160 212 216 221 235 306 322 434 440 

AB233 214 218 226 245 

  

214 220 423 

 

313 326 126 

 

163 170 216 218 229 

 

308 312 428 440 

AB234 203 216 226 257 152 

 

214 

 

423 

 

316 326 116 

 

154 

 

212 220 227 

 

301 318 411 428 

AB235 214 216 226 

 

157 163 210 

 

423 

 

326 329 112 118 146 162 218 

 

227 229 312 320 425 463 

AB236 214 216 226 

 

157 163 210 214 411 425 326 

 

110 118 137 146 212 216 227 

 

293 

 

431 440 

AB237 200 203 245 248 157 163 210 

 

423 

 

310 326 110 112 153 154 218 

 

221 227 301 318 443 446 

AB238 203 214 226 

 

163 

 

210 

 

423 

 

326 329 114 

 

146 160 218 222 227 

 

293 

 

434 446 

AB239 203 214 226 245 152 

 

214 

 

423 425 316 326 104 116 137 154 212 220 227 

 

293 

 

411 428 

AB240 203 214 226 257 163 

 

210 214 423 425 316 329 114 116 146 153 222 228 222 227 293 312 428 437 

AB241 200 203 226 260 152 

 

210 

 

423 

 

316 

 

112 114 146 160 212 216 233 237 308 

 

434 

 

AB242 203 

 

245 260 

  

210 214 423 

 

326 

 

116 124 146 158 220 240 229 239 308 314 411 440 

AB243 203 

 

226 257 157 163 210 214 425 

 

326 

 

112 

 

146 153 222 

 

221 229 301 318 440 

 

AB244 203 214 245 257 157 163 207 214 421 423 316 326 104 114 146 154 220 

 

227 

 

293 

 

422 428 

AB245 200 203 226 245 157 167 210 

 

423 425 316 326 118 

 

153 

 

218 

 

233 237 306 314 422 431 

AB246 203 214 226 257 163 

 

207 210 423 

 

316 

 

112 116 146 166 220 

 

227 229 293 

 

437 440 

AB247 200 

 

226 248 157 163 210 214 411 423 323 326 114 

 

146 

 

218 220 227 239 316 318 440 

 

AB248 214 216 226 236 157 163 210 214 423 

 

326 

 

112 118 146 

 

220 222 227 235 308 320 434 463 

AB249 203 214 226 257 163 

 

210 214 423 425 316 329 114 116 146 153 222 228 222 227 293 

 

428 437 

AB250 212 216 226 245 157 

 

214 

 

423 

 

316 326 104 110 137 154 224 

 

227 

 

306 318 428 431 

AB251 203 212 226 257 157 163 214 

 

423 

 

316 326 110 114 153 154 220 

 

227 237 318 

 

422 451 

AB252 203 214 226 

 

157 163 

  

423 

 

323 326 110 112 146 154 220 222 227 230 303 312 428 434 

AB253 214 216 226 

 

152 

 

210 214 421 423 326 

 

114 

 

146 166 216 220 227 239 312 318 411 437 

AB254 212 218 226 

   

210 214 423 

 

326 329 110 114 150 160 220 

 

227 

 

293 

 

422 

 

AB255 216 

   

157 163 214 

 

423 

 

316 326 114 116 153 154 220 

 

227 

 

293 

 

428 440 
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Sample Marker1 Marker2 Marker3 Marker4 Marker5 Marker6 Marker7 Marker8 Marker9 Marker10 Marker11 Marker12 

AB256 214 216 226 

 

157 163 210 

 

423 

 

326 329 112 118 146 162 218 

 

227 229 312 320 425 463 

AB257 203 214 226 257 163 

 

207 210 423 

 

316 

 

112 116 146 166 220 

 

227 229 293 

 

437 440 

AB258 200 203 226 257 

  

210 214 423 

 

326 

 

114 118 146 

 

222 228 227 229 

  

434 440 

AB259 203 

 

226 257 157 163 210 214 425 

 

326 

 

112 

 

146 153 222 

 

221 229 301 318 440 

 

AB260 203 212 226 

   

214 

 

423 425 316 326 110 118 146 154 220 

   

293 

 

428 440 

AB261 

                        

AB262 212 

 

245 257 163 

 

210 

 

423 425 326 

 

114 120 146 

 

220 

 

227 

 

299 306 440 

 

AB263 214 216 226 

 

157 163 210 

 

423 

 

326 329 112 118 146 162 218 

 

227 229 312 320 425 463 

AB264 209 216 226 

 

157 

 

195 214 423 

 

316 326 114 116 146 160 220 

 

221 227 293 

 

440 446 

AB265 200 203 226 260 152 

 

210 

 

423 

 

316 

 

112 114 146 160 212 216 233 237 308 

 

434 

 

AB266 203 216 226 245 157 

 

214 

 

423 

 

316 326 104 110 137 154 220 224 227 

 

293 

 

431 451 

AB267 203 

 

226 257 157 163 210 214 425 

 

326 

 

112 

 

146 153 222 

 

221 229 301 318 440 

 

AB268 214 

 

226 

 

157 163 

  

423 

 

326 

 

112 118 137 162 208 218 222 229 297 312 425 428 

AB269 212 218 226 

   

210 214 423 

 

326 329 110 114 150 160 220 

 

227 

 

293 

 

422 

 

AB270 203 216 226 257 152 

 

214 

 

423 

 

316 326 116 

 

154 

 

212 220 227 

 

301 318 411 428 

AB271 214 

 

226 257 157 163 214 

 

425 

 

323 326 110 118 146 

 

220 222 221 227 318 324 411 428 

AB272 212 218 226 245 157 163 214 

 

423 

 

313 326 116 

 

154 162 216 218 221 229 308 312 428 440 

AB273 214 

 

226 

 

157 163 210 

 

423 

 

326 

 

112 118 137 162 208 218 222 229 297 312 425 428 

AB274 200 214 226 236 167 

 

210 214 423 

 

326 

 

112 116 153 158 216 220 231 239 303 

 

428 434 

AB275 212 

 

245 257 163 

 

210 

 

423 425 326 

 

114 120 146 

 

220 

 

227 

 

299 306 440 

 

AB276 203 214 226 257 163 

 

210 214 423 425 316 329 114 116 146 153 222 228 222 227 293 

 

428 437 

AB277 203 216 226 245 152 

 

210 

 

423 425 326 

 

114 122 146 153 220 

 

227 

 

293 312 440 

 

AB278 214 216 226 

 

157 163 210 214 411 425 326 

 

110 118 137 146 212 216 227 

 

293 

 

431 440 

AB279 203 

 

226 

 

157 163 214 

 

423 425 316 326 

  

146 154 220 

 

227 

 

293 

 

428 440 

AB280 203 214 226 

 

163 

 

210 

 

423 

 

326 329 114 

 

146 160 218 222 227 

 

293 

 

434 446 

AB281 212 216 226 245 157 

 

214 

 

423 

 

316 326 104 110 137 154 224 

 

227 

 

306 318 428 431 

AB282 203 214 226 

 

157 163 214 

 

423 

 

323 326 110 112 146 154 220 222 227 230 303 312 428 434 

AB283 203 216 226 245 157 

 

214 

 

423 

 

316 326 104 110 137 154 220 224 227 

 

293 

 

431 451 

AB284 214 218 226 245 157 163 214 

 

423 

 

313 326 116 

 

154 162 216 218 221 229 308 312 428 440 

AB285 203 

 

226 257 157 

 

210 214 411 423 323 326 110 112 146 156 218 220 227 229 292 

 

411 440 

AB286 203 

 

245 260 

  

210 214 423 

 

326 

 

116 124 146 158 220 240 229 239 308 314 411 440 
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Sample Marker1 Marker2 Marker3 Marker4 Marker5 Marker6 Marker7 Marker8 Marker9 Marker10 Marker11 Marker12 

AB287 203 212 226 257 157 163 214 

 

423 

 

316 326 110 114 153 154 220 

 

227 237 

  

422 451 

AB288 203 214 

    

210 214 423 

 

323 326 104 114 146 153 220 230 227 

 

293 

 

440 446 

AB289 214 216 226 236 157 163 210 214 423 

 

326 

 

112 118 146 

 

220 222 227 235 308 320 434 463 

AB290 200 

 

226 248 

  

210 

 

411 423 323 326 114 

 

146 

 

218 220 227 239 316 318 440 

 

AB291 203 216 226 257 152 

 

214 

 

423 

 

316 326 116 

 

154 

 

212 220 227 

 

301 318 411 428 

AB292 203 214 226 257 163 

 

207 210 423 

 

316 

 

112 116 146 166 220 

 

227 229 293 

 

437 440 

AB293 200 203 226 260 152 

 

210 

 

423 

 

316 

 

112 114 146 160 212 216 233 237 308 

 

434 

 

AB294 203 216 226 257 152 

 

214 

 

423 

 

316 326 116 

 

154 

 

212 220 227 

 

301 318 411 428 

AB295 200 203 226 245 167 

 

210 

 

423 425 316 326 118 

 

154 

 

218 

 

233 237 306 314 422 431 

AB296 203 216 226 245 152 

 

210 

 

423 425 326 

 

114 122 146 153 220 

 

227 

 

293 312 440 

 

AB297 203 214 226 

 

157 163 214 

 

423 

 

323 326 110 112 146 154 220 222 227 230 303 312 428 434 

AB298 203 

 

226 257 

  

210 214 425 

 

326 

 

112 

 

146 153 222 

 

221 229 301 318 440 

 

AB299 212 216 226 245 157 

 

214 

 

423 

 

316 326 104 110 137 154 224 

 

227 

 

306 318 428 431 

AB300 214 216 226 

 

157 163 210 

 

423 

 

326 329 112 118 146 162 218 

 

227 229 312 320 425 463 

AB301 200 203 226 260 152 

 

210 

 

423 

 

316 

 

112 114 146 160 212 216 233 237 308 

 

434 

 

AB302 203 214 245 257 163 

 

210 214 423 

 

323 326 104 114 146 153 220 230 227 

 

293 

 

440 446 

AB303 214 

 

226 

 

157 163 210 

 

423 

 

326 

 

112 118 137 162 208 218 222 229 297 312 425 428 

AB304 203 214 226 257 163 

 

210 214 423 425 316 329 114 116 146 153 222 228 222 227 293 

 

428 437 

AB305 203 214 245 257 157 163 207 214 421 423 316 326 104 114 146 154 220 

 

227 

 

293 

 

422 428 

AB306 203 

 

226 257 157 

 

210 214 411 423 323 326 111 112 146 156 218 220 227 229 292 

 

411 440 

AB307 200 214 226 236 167 

 

210 214 423 

 

326 

 

112 116 153 158 216 220 231 239 303 

 

428 434 

AB308 200 205 226 245 157 163 210 214 423 

 

323 329 114 118 153 158 218 222 227 

 

318 

 

431 440 

AB309 220 

 

245 248 152 

 

210 214 423 425 316 326 110 

 

153 156 218 220 229 237 314 

 

428 434 

AB310 203 216 226 245 157 

 

214 

 

423 

 

316 326 104 110 137 154 220 224 227 

 

293 

 

431 451 

AB311 203 

 

226 

 

158 163 210 

 

423 

 

326 

 

116 120 156 158 212 220 221 227 293 

 

428 446 

AB312 212 

 

245 257 163 

 

210 

 

423 425 326 

 

114 120 146 

 

220 

 

227 

 

299 306 440 

 

AB313 203 214 226 245 157 163 214 

 

411 425 326 329 112 114 146 

 

222 

 

227 

 

293 

 

422 428 

AB314 203 

 

226 257 157 

 

210 214 411 423 323 326 110 112 146 156 218 220 227 229 292 

 

411 440 

AB315 214 218 226 245 157 163 214 

 

423 

 

313 326 116 

 

154 162 216 218 221 229 308 312 428 440 

AB316 203 214 245 257 157 163 207 214 421 423 316 326 104 114 146 154 220 

 

227 

 

293 

 

422 428 

AB317 203 212 226 257 157 163 214 

 

423 

 

316 326 110 114 153 153 220 

 

227 237 318 

 

422 451 
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Sample Marker1 Marker2 Marker3 Marker4 Marker5 Marker6 Marker7 Marker8 Marker9 Marker10 Marker11 Marker12 

AB318 203 216 226 245 157 

 

214 

 

423 

 

316 326 104 110 

  

220 224 227 

 

293 

 

431 451 

AB319 203 

 

245 257 163 

 

210 

 

423 

 

313 326 114 116 146 154 220 228 227 

 

293 

 

422 449 

AB320 200 214 

  

142 167 210 214 423 

 

326 

   

153 158 216 220 231 239 303 

 

428 434 

AB321 212 218 226 

   

210 214 423 

 

326 329 110 114 150 160 220 

 

227 

 

293 

 

422 

 

AB322 203 

 

245 260 

  

210 214 423 

 

326 

 

116 124 146 158 220 240 229 239 308 314 411 440 

AB323 200 

 

226 248 157 163 210 214 411 423 323 326 114 

 

146 

 

218 220 227 239 316 318 440 

 

AB324 203 

 

226 245 163 

 

214 

 

423 

 

329 341 112 116 154 158 220 222 227 

 

293 

 

428 440 

AB325 203 214 245 257 157 163 210 

 

423 425 326 

 

114 124 153 

 

206 220 227 

 

297 

 

411 428 

AB326 203 

 

226 

   

214 

 

423 

 

323 326 110 112 146 154 220 222 227 230 

  

428 434 

AB327 203 

     

210 214 423 

 

326 

       

229 

     

AB328 212 218 226 245 157 163 214 

 

423 

 

313 326 116 

 

154 162 216 218 221 229 308 312 428 440 

AB329 203 216 226 257 152 

 

214 

 

423 

 

316 326 116 

 

154 

 

212 220 227 

 

301 318 411 428 

AB330 214 220 229 

 

157 

 

200 218 423 

 

316 326 114 116 146 160 224 

 

224 229 293 

 

440 446 

AB331 214 216 226 

 

157 163 210 214 411 425 326 

 

110 118 137 146 212 216 227 

 

293 

 

431 440 

AB332 203 216 226 245 157 

 

214 

 

423 

 

316 326 104 110 137 154 220 224 227 

 

293 

 

431 451 

AB333 214 218 226 245 157 163 214 

 

423 

 

313 326 116 

 

154 162 216 218 221 229 308 312 428 440 

AB334 203 214 

  

163 

 

210 

 

423 

 

326 329 114 

 

146 160 218 222 227 

 

293 

 

434 446 

AB335 203 214 226 245 152 

 

214 

 

423 425 316 326 

  

137 154 212 220 227 

 

293 

 

411 428 

AB336 200 203 226 260 152 

 

210 

 

423 

 

316 

 

112 114 146 160 212 216 233 237 308 

 

434 

 

AB337 214 216 226 

 

152 

 

210 214 421 423 326 

 

114 

 

146 166 216 220 227 239 312 318 411 437 

AB338 203 

 

226 257 

  

210 214 425 

 

326 

 

112 

 

146 153 222 

 

221 229 301 318 440 

 

AB339 214 218 226 245 157 163 

  

423 

 

313 326 116 

 

154 162 216 218 221 229 308 312 428 440 

AB340 214 216 226 236 157 163 210 214 423 

 

326 

 

112 118 146 

 

220 222 227 235 308 320 434 463 

AB341 203 

 

226 260 157 163 210 

 

411 

 

326 

 

114 122 146 153 216 220 227 

 

310 314 411 422 

AB342 212 

 

245 257 163 

 

210 

 

423 425 326 

 

114 120 146 

 

220 

 

227 

 

299 306 440 

 

AB343 209 216 226 

 

157 

 

195 214 423 

 

316 326 114 116 146 160 220 

 

221 227 293 

 

440 446 

AB344 212 218 226 

 

157 163 210 214 423 

 

326 329 110 114 150 160 220 

 

227 

 

293 

 

422 

 

AB345 214 218 226 245 157 163 214 

 

423 

 

313 326 116 

 

154 162 216 218 221 229 308 312 428 440 

AB346 200 214 226 

 

157 163 210 217 411 423 323 326 111 124 160 164 218 220 222 227 318 

 

434 446 

AB347 214 216 226 245 157 

   

423 

 

316 326 104 110 137 154 224 

 

227 

 

306 318 428 431 

AB348 209 216 226 

 

147 157 195 214 423 

 

316 326 

  

146 160 220 

 

221 227 293 

 

440 446 
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Sample Marker1 Marker2 Marker3 Marker4 Marker5 Marker6 Marker7 Marker8 Marker9 Marker10 Marker11 Marker12 

AB349 203 214 226 257 163 

 

210 214 423 425 316 329 114 116 146 153 222 228 222 227 293 

 

428 437 

AB350 214 216 226 

 

157 163 210 

 

423 

 

326 329 112 118 146 162 218 

 

227 229 312 320 425 463 

AB351 200 214 226 

   

210 217 411 423 323 326 

  

160 164 218 220 222 227 318 

 

434 446 

AB352 200 203 210 226 157 

 

210 

 

421 423 316 326 114 124 137 146 220 226 229 

   

428 440 

AB353 203 

 

245 260 

  

210 214 423 

 

326 

 

116 124 146 158 220 240 229 239 

  

411 440 

AB354 214 216 226 

 

157 163 210 214 411 425 326 

   

137 146 212 216 227 

 

293 

 

431 440 

AB355 200 203 226 257 157 163 210 

 

423 

 

303 326 116 124 146 

 

212 220 227 

 

292 

 

428 451 

AB356 200 203 226 245 167 

 

210 

 

423 425 316 326 118 

 

154 

 

218 

 

233 237 306 314 422 431 

AB357 214 

 

226 

 

157 163 210 

 

423 

 

326 

 

112 118 137 162 208 218 222 229 297 312 425 428 

AB358 203 214 226 257 163 

 

210 214 423 425 316 329 114 116 146 153 222 228 222 227 293 

 

428 437 

AB359 203 214 226 

 

163 

 

210 

 

423 

 

326 329 114 

 

146 160 218 222 227 

 

293 

 

434 446 

AB360 203 216 226 257 152 

 

214 

 

423 

 

316 326 116 

 

154 

 

212 220 227 

 

301 318 411 428 

AB361 212 

 

245 257 163 

 

210 

 

423 425 326 

 

114 120 146 

 

220 

 

227 

 

299 306 440 

 

AB362 214 216 226 245 157 

 

214 

 

423 

 

316 326 104 110 137 154 224 

 

227 

 

306 318 428 431 

AB363 209 216 226 

 

157 

 

195 214 423 

 

316 326 114 116 146 160 220 

 

221 227 293 

 

440 446 

AB364 214 216 226 236 157 163 210 214 423 

 

326 

 

112 118 146 

 

220 222 227 235 308 320 434 463 

AB365 203 214 226 245 152 

 

214 

 

423 425 316 326 104 116 137 153 212 220 227 

 

293 

 

411 428 

AB366 200 203 226 

 

157 163 210 214 423 

 

313 326 104 114 137 146 212 218 227 

 

293 

 

431 440 

AB367 203 

 

226 

 

157 163 214 

 

423 425 316 326 

  

146 154 220 

 

227 

 

293 

 

428 440 

AB368 203 212 226 257 157 163 214 

 

423 

 

316 326 110 114 153 154 220 

 

227 237 318 

 

422 451 

AB369 200 203 226 245 

  

210 

 

423 425 316 326 118 

 

154 

 

218 

 

233 237 

  

422 431 

AB370 203 214 226 257 163 

 

210 214 423 425 316 329 114 116 146 153 222 228 222 227 293 312 428 437 

AB371 214 216 226 

   

210 

 

423 

 

326 329 112 118 146 162 218 

 

227 229 312 320 425 463 

AB372 214 218 226 245 157 163 214 

 

423 

 

313 326 116 

 

154 162 216 218 221 229 308 312 428 440 

AB373 203 

 

226 257 157 163 210 214 425 

 

326 

 

112 

 

146 153 222 

 

221 229 301 318 440 

 

AB374 203 216 226 245 157 

 

214 

 

423 

 

316 326 104 110 137 154 220 224 227 

 

293 

 

431 451 

AB375 214 218 226 245 157 163 

  

423 

 

313 326 114 116 154 162 216 218 221 229 308 312 428 440 

AB376 203 237 257 

 

157 163 210 214 423 425 313 326 112 124 153 158 220 

 

227 229 303 320 434 440 

AB377 203 214 226 

 

163 

 

210 

 

423 

 

326 329 114 

 

146 160 218 222 227 

 

293 

 

434 446 

AB378 203 214 226 245 157 163 214 

 

411 425 326 329 112 115 146 

 

222 

 

227 

 

293 

 

422 428 

AB379 214 

 

226 257 157 163 214 

 

425 

 

323 326 110 118 146 

 

220 222 221 227 318 324 411 428 
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Sample Marker1 Marker2 Marker3 Marker4 Marker5 Marker6 Marker7 Marker8 Marker9 Marker10 Marker11 Marker12 

AB380 203 216 226 245 157 

 

214 

 

423 

 

316 326 104 110 137 154 220 224 227 

 

293 

 

431 451 

AB381 203 214 226 257 163 

 

210 214 423 425 316 329 114 116 146 153 222 228 222 227 293 312 428 437 

AB382 203 

 

226 260 157 163 210 

 

411 

 

326 

 

114 122 146 153 216 220 227 

 

310 314 411 422 

AB383 203 214 226 245 163 

 

210 214 423 

 

323 326 114 116 146 150 218 

 

227 229 293 

 

437 440 

AB384 214 216 226 

 

157 163 210 

 

423 

 

326 329 112 118 146 162 218 

 

227 229 312 320 425 463 

AB385 200 203 226 257 157 163 210 

 

423 

 

303 326 116 124 146 

 

212 220 227 

 

292 

 

428 451 

G217 203 214 245 257 139 

 

210 

 

423 425 326 

 

114 123 153 

 

206 220 227 

 

297 

 

411 428 

G218 200 203 226 

 

157 163 210 214 423 

 

313 326 104 114 137 146 212 218 227 

 

293 

 

431 440 

G219 203 214 226 236 139 167 210 213 423 425 326 

 

116 118 158 

 

216 222 227 231 303 

 

428 440 

G220 209 216 226 

 

157 

 

195 214 423 

 

316 326 114 116 146 160 220 

 

221 227 293 

 

440 446 

G221 203 214 245 260 139 147 210 214 423 

 

326 

 

115 123 146 158 220 240 229 239 308 314 411 440 

G222 200 203 226 257 157 163 210 214 423 

 

316 326 114 118 146 

 

222 228 227 229 316 318 434 440 

G223 214 220 226 257 139 

 

210 214 423 425 313 326 103 116 146 158 216 222 227 

 

318 332 411 428 

G224 203 214 226 257 139 163 210 214 423 425 316 329 114 116 146 153 222 228 222 227 293 

 

428 437 

G225 203 216 226 

 

139 

 

210 214 423 425 326 

 

114 115 146 153 218 222 227 

 

301 306 428 437 

G226 200 216 226 245 139 

 

210 213 423 

 

326 

 

96 114 153 158 216 218 222 227 312 320 422 431 

G227 200 205 226 245 139 

 

210 214 423 

 

323 329 114 117 153 158 218 222 227 239 318 

 

431 440 

G228 214 

 

226 257 

  

213 214 425 

 

323 326 110 118 146 

 

220 222 221 227 

  

411 428 

G229 212 214 245 257 152 

 

210 214 423 425 313 326 104 114 146 158 216 220 221 227 299 306 411 440 

G230 203 214 245 257 139 

 

207 214 421 423 316 326 103 114 146 153 220 

 

227 

 

293 

 

422 428 

G231 200 203 226 

 

147 185 210 213 421 425 326 

 

114 116 153 160 212 216 221 

 

306 322 434 440 

G232 214 218 226 245 139 

 

213 

 

423 

 

313 326 116 

 

154 162 216 218 221 229 308 312 428 440 

G233 203 

 

226 257 157 163 210 214 425 

 

326 

 

111 112 146 153 220 222 221 229 301 318 440 

 

G234 200 203 245 248 157 163 210 211 423 

 

310 326 110 112 153 154 218 

 

221 227 301 318 443 446 

G235 203 

 

226 257 139 

 

213 

 

423 

 

326 

 

114 119 146 158 207 220 227 

 

314 318 428 

 

G236 203 214 245 257 163 

 

210 214 423 

 

323 326 103 114 146 153 220 230 227 

 

293 

 

440 446 

G237 203 214 226 245 157 163 210 214 411 425 326 329 112 114 146 

 

216 222 227 

 

293 

 

422 428 

G238 203 237 257 

 

139 

 

210 214 423 425 313 326 111 123 153 158 220 

 

227 229 303 320 434 440 

G239 203 214 226 

 

157 163 213 214 423 425 316 326 110 118 146 154 220 

 

227 

 

293 

 

428 440 

G240 203 

 

226 

 

139 

 

214 

 

423 

 

326 

 

103 114 146 153 216 220 227 229 293 

 

440 446 

G241 203 216 226 257 152 

 

214 

 

423 

 

316 326 116 

 

153 154 212 220 227 

 

301 318 411 428 
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Sample Marker1 Marker2 Marker3 Marker4 Marker5 Marker6 Marker7 Marker8 Marker9 Marker10 Marker11 Marker12 

G242 214 216 210 226 139 

 

210 

 

423 

 

326 329 111 117 146 162 218 

 

227 229 312 320 425 463 

G243 214 216 226 245 139 

 

214 

 

423 

 

316 326 103 110 137 154 224 

 

227 

 

306 318 428 431 

G244 203 214 226 245 152 

 

213 

 

423 425 316 326 104 116 137 154 212 220 227 

 

293 

 

411 428 

G245 214 

 

226 

 

139 

 

210 

 

423 

 

326 

 

111 118 137 162 208 218 222 229 297 312 425 428 

G246 203 

 

245 260 157 163 210 214 423 

 

326 

 

116 123 146 158 220 240 229 239 308 314 411 440 

G247 203 

 

226 

 

139 

 

210 

 

423 

 

326 

 

114 

 

156 158 212 220 221 227 293 

 

428 446 

G248 205 214 226 

 

157 163 210 

 

425 

 

326 

 

111 114 137 150 220 

 

227 

 

299 

 

440 451 

G249 200 214 226 236 157 167 210 214 423 

 

326 

 

112 116 153 158 216 220 231 239 303 

 

428 434 

G250 200 203 226 257 155 162 209 210 423 

 

303 326 115 123 146 

 

212 

 

227 

 

292 

 

428 451 

G251 216 220 226 257 157 163 210 214 423 425 326 329 110 118 137 158 216 218 227 235 299 314 411 428 

G252 205 214 245 

 

157 163 210 214 423 

 

326 

 

114 118 153 158 220 

 

227 237 293 

 

434 443 

G253 203 214 226 257 163 

 

207 210 423 

 

316 

 

112 116 146 166 220 

 

227 229 293 

 

437 440 

G254 203 214 226 

   

214 

 

423 

 

323 326 110 112 146 154 220 222 227 230 

  

428 434 

G255 203 212 226 257 157 163 214 

 

423 

 

316 326 110 114 153 154 220 

 

227 237 318 

 

422 451 

G256 214 216 226 236 157 163 210 214 

    

112 118 146 

 

220 222 227 235 

    

G257 203 214 226 

 

163 

 

210 

 

423 

 

326 329 114 

 

146 160 218 222 227 

 

293 

 

434 446 

G258 203 

 

226 257 

  

210 214 411 423 323 326 110 112 146 156 218 220 227 229 292 

 

411 440 

G259 

  

245 

       

326 

 

110 

 

153 

 

218 

 

225 
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Sample 

ID 

Assumed Clonal 

ID 

GenoSonic assigned clonal ID Manual assigned clonal ID Comments and reasons 

G221 Clone ID 10 Clone ID 10 Clone ID 10   

G246 Clone ID 10 Clone ID 10 Clone ID 10   

AB258 Clone ID 11 Clone ID 11 Clone ID 11   

AB348 Clone ID 11 Clone ID 9 Clone ID 9   

G222 Clone ID 11 Clone ID 11 Clone ID 11   

AB227 Clone ID 12 Clone ID 12 Clone ID 12   

AB253 Clone ID 12 Clone ID 12-18m Clone ID 12-18m   

AB319 Clone ID 12 Unique genotype Unique genotype   

G223 Clone ID 12 Clone ID 12 Clone ID 12   

AB210 Clone ID 13 Clone ID 13 Clone ID 13   

AB249 Clone ID 13 Clone ID 13 Clone ID 13   

AB276 Clone ID 13 Clone ID 13 Clone ID 13   

AB302 Clone ID 13 Clone ID 28 Clone ID 28   

AB304 Clone ID 13 Clone ID 13 Clone ID 13   

AB349 Clone ID 13 Clone ID 13 Clone ID 13   

AB358 Clone ID 13 Clone ID 13 Clone ID 13   

G224 Clone ID 13 Clone ID 13 Clone ID 13   

AB205 Clone ID 14 Clone ID 14 Clone ID 14   

AB277 Clone ID 14 Clone ID 14 Clone ID 14   

AB296 Clone ID 14 Clone ID 14 Clone ID 14   

G225 Clone ID 14 Unique genotype Unique genotype   

AB203 Clone ID 15 Clone ID 15 Clone ID 15   

AB254 Clone ID 15 Clone ID 15 Clone ID 15   

AB269 Clone ID 15 Clone ID 15 Clone ID 15   

AB321 Clone ID 15 Clone ID 15 Clone ID 15   

AB344 Clone ID 15 Clone ID 15 Clone ID 15   

G226 Clone ID 15 Unique genotype Unique genotype   

G251 Clone ID 15 Unique genotype Unique genotype   

G252 Clone ID 15 Unique genotype Unique genotype   

AB226 Clone ID 16 Clone ID 9 Clone ID 9   

AB259 Clone ID 16 Clone ID 24 Clone ID 24   

AB283 Clone ID 16 Clone ID 36 Clone ID 36   

AB308 Clone ID 16 Clone ID 16 Clone ID 16   

AB343 Clone ID 16 Clone ID 9 Clone ID 9   

AB374 Clone ID 16 Clone ID 36 Clone ID 36   

G227 Clone ID 16 Clone ID 16 Clone ID 16   

AB213 Clone ID 17 Unique genotype Unique genotype   

AB271 Clone ID 17 Clone ID 17 Clone ID 17   

AB379 Clone ID 17 Clone ID 17 Clone ID 17   

G228 Clone ID 17 Clone ID 17 Clone ID 17   

AB196 Clone ID 18 Clone ID 18 Clone ID 18   

AB241 Clone ID 18 Clone ID 4 Clone ID 4 
No reference fingerprint 

AB265 Clone ID 18 Clone ID 4 Clone ID 4 
No reference fingerprint 

AB337 Clone ID 18 Clone ID 12-18m Clone ID 12-18m   

AB355 Clone ID 18 Clone ID 18 Clone ID 18   
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Sample 

ID 

Assumed Clonal 

ID 

GenoSonic assigned clonal ID Manual assigned clonal ID Comments and reasons 

AB385 Clone ID 18 Clone ID 18 Clone ID 18   

G250 Clone ID 18 Clone ID 18 Clone ID 18   

AB215 Clone ID 19 Clone ID 19 Clone ID 19   

AB262 Clone ID 19 Clone ID 19 Clone ID 19   

AB275 Clone ID 19 Clone ID 19 Clone ID 19   

AB312 Clone ID 19 Clone ID 19 Clone ID 19   

AB342 Clone ID 19 Clone ID 19 Clone ID 19   

AB361 Clone ID 19 Clone ID 19 Clone ID 19   

G229 Clone ID 19 Clone ID 19 Clone ID 19   

AB220 Clone ID 20 Clone ID 20 Clone ID 20   

AB238 Clone ID 20 Clone ID 20 Clone ID 20   

AB280 Clone ID 20 Clone ID 20 Clone ID 20   

AB334 Clone ID 20 Clone ID 20 Clone ID 20   

AB359 Clone ID 20 Clone ID 20 Clone ID 20   

AB377 Clone ID 20 Clone ID 20 Clone ID 20   

G257 Clone ID 20 Clone ID 20 Clone ID 20   

AB214 Clone ID 21 Clone ID 21 Clone ID 21   

AB216 Clone ID 21 Unique genotype Unique genotype   

AB244 Clone ID 21 Clone ID 21 Clone ID 21   

AB305 Clone ID 21 Clone ID 21 Clone ID 21   

AB316 Clone ID 21 Clone ID 21 Clone ID 21   

G230 Clone ID 21 Clone ID 21 Clone ID 21   

AB195 Clone ID 22 Clone ID 22 Clone ID 22   

AB232 Clone ID 22 Clone ID 22 Clone ID 22   

AB324 Clone ID 22 Unique genotype Unique genotype   

AB327 Clone ID 22 Unique genotype Clone ID 10 
Raw allele scores does not 

support manual findings, 

human error or missing 

input files? 

G231 Clone ID 22 Clone ID 22 Clone ID 22   

AB197 Clone ID 23 Clone ID 23 Clone ID 23   

AB233 Clone ID 23 Unique genotype Clone ID 23 
Raw allele scores does not 

support manual findings, 

human error or missing 

input files? 

AB272 Clone ID 23 Clone ID 23 Clone ID 23   

AB284 Clone ID 23 Clone ID 23 Clone ID 23   

AB315 Clone ID 23 Clone ID 23 Clone ID 23   

AB328 Clone ID 23 Clone ID 23 Clone ID 23   

AB345 Clone ID 23 Clone ID 23 Clone ID 23   

AB372 Clone ID 23 Clone ID 23 Clone ID 23   

AB375 Clone ID 23 Clone ID 23 Clone ID 23   

G232 Clone ID 23 Clone ID 23 Clone ID 23   

AB204 Clone ID 24 Clone ID 24 Clone ID 24   

AB243 Clone ID 24 Clone ID 24 Clone ID 24   

AB267 Clone ID 24 Clone ID 24 Clone ID 24   

AB298 Clone ID 24 Clone ID 24 Clone ID 24   
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Sample 

ID 

Assumed Clonal 

ID 

GenoSonic assigned clonal ID Manual assigned clonal ID Comments and reasons 

AB338 Clone ID 24 Clone ID 24 Clone ID 24   

AB373 Clone ID 24 Clone ID 24 Clone ID 24   

G233 Clone ID 24 Clone ID 24 Clone ID 24   

G258 Clone ID 25 Clone ID 25 Clone ID 25   

AB206 Clone ID 26 Clone ID 26 Clone ID 26   

AB237 Clone ID 26 Clone ID 26 Clone ID 26   

AB274 Clone ID 26 Clone ID 26B Clone ID 26B   

AB307 Clone ID 26 Clone ID 26B Clone ID 26B   

AB333 Clone ID 26 Clone ID 23 Clone ID 23   

AB383 Clone ID 26 Unique genotype Unique genotype   

G234 Clone ID 26 Clone ID 26 Clone ID 26   

G249 Clone ID 26 Clone ID 26B Clone ID 26B   

AB212 Clone ID 27 Clone ID 31 Clone ID 31   

AB246 Clone ID 27 Clone ID 31 Clone ID 31   

G235 Clone ID 27 Clone ID 27 Clone ID 27   

G247 Clone ID 27 Clone ID 27B Clone ID 27B   

G248 Clone ID 27 Unique genotype Unique genotype   

AB217 Clone ID 28 Clone ID 28 Clone ID 28   

AB247 Clone ID 28 Clone ID 28-33m Clone ID 28-33m   

AB288 Clone ID 28 Clone ID 28 Clone ID 28   

AB323 Clone ID 28 Clone ID 28-33m Clone ID 28-33m   

AB339 Clone ID 28 Clone ID 23 Clone ID 23   

AB381 Clone ID 28 Clone ID 13 Clone ID 13   

G236 Clone ID 28 Clone ID 28 Clone ID 28   

AB255 Clone ID 29 Unique genotype Unique genotype   

AB313 Clone ID 29 Clone ID 29 Clone ID 29   

AB378 Clone ID 29 Clone ID 29 Clone ID 29   

G237 Clone ID 29 Clone ID 29 Clone ID 29   

AB376 Clone ID 30 Clone ID 30 Clone ID 30   

G238 Clone ID 30 Clone ID 30 Clone ID 30   

AB218 Clone ID 31 Clone ID 31 Clone ID 31   

AB257 Clone ID 31 Clone ID 31 Clone ID 31   

AB292 Clone ID 31 Clone ID 31 Clone ID 31   

AB314 Clone ID 31 Clone ID 25 Clone ID 25   

G253 Clone ID 31 Clone ID 31 Clone ID 31   

AB260 Clone ID 32 Clone ID 32 Clone ID 32   

AB279 Clone ID 32 Clone ID 32 Clone ID 32   

AB351 Clone ID 32 Clone ID 7-32m Clone ID 7-32m   

AB367 Clone ID 32 Clone ID 32 Clone ID 32   

G239 Clone ID 32 Clone ID 32 Clone ID 32   

AB207 Clone ID 33 Clone ID 2 Clone ID 2 
No reference fingerprint 

AB245 Clone ID 33 Clone ID 2 Clone ID 2 
No reference fingerprint 

AB290 Clone ID 33 Clone ID 28-33m Clone ID 28-33m   

AB369 Clone ID 33 Clone ID 2 Clone ID 2 
No reference fingerprint 
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Sample 

ID 

Assumed Clonal 

ID 

GenoSonic assigned clonal ID Manual assigned clonal ID Comments and reasons 

G240 Clone ID 33 Clone ID 33 Clone ID 33   

AB223 Clone ID 34 Clone ID 34 Clone ID 34 
No reference fingerprint 

AB341 Clone ID 34 Clone ID 34 Clone ID 34 
No reference fingerprint 

AB382 Clone ID 34 Clone ID 34 Clone ID 34 
No reference fingerprint 

AB208 Clone ID 35 Unique genotype Unique genotype   

AB219 Clone ID 36 Clone ID 36 Clone ID 36   

AB266 Clone ID 36 Clone ID 36 Clone ID 36   

AB310 Clone ID 36 Clone ID 36 Clone ID 36   

AB318 Clone ID 36 Clone ID 36 Clone ID 36   

AB332 Clone ID 36 Clone ID 36 Clone ID 36   

AB380 Clone ID 36 Clone ID 36 Clone ID 36   

AB202 Clone ID 37 Clone ID 37 Clone ID 37   

AB236 Clone ID 37 Clone ID 37 Clone ID 37   

AB278 Clone ID 37 Clone ID 37 Clone ID 37   

AB331 Clone ID 37 Clone ID 37 Clone ID 37   

AB354 Clone ID 37 Clone ID 37 Clone ID 37   

AB229 Clone ID 38 Clone ID 38 Clone ID 38   

AB234 Clone ID 38 Clone ID 38 Clone ID 38   

AB270 Clone ID 38 Clone ID 38 Clone ID 38   

AB291 Clone ID 38 Clone ID 38 Clone ID 38   

AB294 Clone ID 38 Clone ID 38 Clone ID 38   

AB311 Clone ID 38 Clone ID 27B Clone ID 27B   

AB329 Clone ID 38 Clone ID 38 Clone ID 38   

AB360 Clone ID 38 Clone ID 38 Clone ID 38   

G241 Clone ID 38 Clone ID 38 Clone ID 38   

AB209 Clone ID 39 Clone ID 39 Clone ID 39   

AB248 Clone ID 39 Clone ID 39 Clone ID 39   

AB289 Clone ID 39 Clone ID 39 Clone ID 39   

AB340 Clone ID 39 Clone ID 39 Clone ID 39   

AB364 Clone ID 39 Clone ID 39 Clone ID 39   

G256 Clone ID 39 Clone ID 39 Clone ID 39   

AB199 Clone ID 40 Clone ID 40 Clone ID 40   

AB256 Clone ID 40 Clone ID 40 Clone ID 40   

AB263 Clone ID 40 Clone ID 40 Clone ID 40   

AB300 Clone ID 40 Clone ID 40 Clone ID 40   

AB350 Clone ID 40 Clone ID 40 Clone ID 40   

AB371 Clone ID 40 Clone ID 40 Clone ID 40   

G242 Clone ID 40 Clone ID 40 Clone ID 40   

AB221 Clone ID 41 Clone ID 41 Clone ID 41   

AB250 Clone ID 41 Clone ID 41 Clone ID 41   

AB281 Clone ID 41 Clone ID 41 Clone ID 41   

AB299 Clone ID 41 Clone ID 41 Clone ID 41   

AB347 Clone ID 41 Clone ID 41 Clone ID 41   

AB362 Clone ID 41 Clone ID 41 Clone ID 41   
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Sample 

ID 

Assumed Clonal 

ID 

GenoSonic assigned clonal ID Manual assigned clonal ID Comments and reasons 

G243 Clone ID 41 Clone ID 41 Clone ID 41   

AB200 Clone ID 42 Clone ID 42 Clone ID 42   

AB251 Clone ID 42 Clone ID 42 Clone ID 42   

AB287 Clone ID 42 Clone ID 42 Clone ID 42   

AB317 Clone ID 42 Clone ID 42 Clone ID 42   

AB368 Clone ID 42 Clone ID 42 Clone ID 42   

G255 Clone ID 42 Clone ID 42 Clone ID 42   

AB198 Clone ID 43 Clone ID 43 Clone ID 43   

AB239 Clone ID 43 Clone ID 43 Clone ID 43   

AB335 Clone ID 43 Clone ID 43 Clone ID 43   

AB365 Clone ID 43 Clone ID 43 Clone ID 43   

G244 Clone ID 43 Clone ID 43 Clone ID 43   

AB224 Clone ID 44 Clone ID 44 Clone ID 44   

AB268 Clone ID 44 Clone ID 44 Clone ID 44   

AB303 Clone ID 44 Clone ID 44 Clone ID 44   

AB357 Clone ID 44 Clone ID 44 Clone ID 44   

G245 Clone ID 44 Clone ID 44 Clone ID 44   
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