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1) Purpose of the visit
The central aim of this visit was to access expertise located within the Royal Zoological Society Antwerp (RZSA) in order to develop an appropriate approach to a project which seeks to determine the population structure at a genetic level of two species of in situ and ex situ conservation concern – the red crested turaco (T. erythrolophus) and Fischer’s turaco (T. fischerii).  Currently, information regarding population structure, relatedness and genetic diversity for these species ex situ, is based on incomplete stud book data, due to missing and erroneous records. There have been reports of an increased incidence of inbreeding in ex situ populations of these birds, most likely due to the lack of concrete information regarding pedigree and relatedness of individuals, with birds exhibiting microphthalmia (a developmental condition affecting eye physiology with a causative genetic basis thought to be responsible in humans and other studied species)  being reported. It is likely that there are underlying genetic factors predisposing affected birdsto this condition, although the genetic basis has yet to be determined.  It is anticipated that recessive alleles are responsible, and these may have an increased frequency in a captive bred population, due to the effects of inbreeding depression, which is more prevalent when breeding individuals of unknown ancestry with small population size. 

We propose a molecular genetics and genomics based approach, employing either microsatellite markers, or RAD-seq (Restriction Associated Digest sequencing) technology, or a combination of both, to generate sufficient markers to use in population genetic structure analysis.  The ability to understand the population structure at a molecular level will be essential to assess relatedness and genetic diversity of these species in captive-bred collections and will be essential in order to prevent inbreeding as a consequence of breeding closely related individuals and to inform future conservation management of these species, both in situ and ex situ.

RZSA is the studbook holder and ESB coordinator for Fischer’s turaco and has extensive expertise in the research of the biology of this species, as well as in the field of molecular based conservation genetics approaches to conservation management of species of conservation concern.  Our other research collaborators, the Cotswold Wildlife Park (CWP) provide the same level of captive management of the red crested turaco, for which they are the studbook holder.  As a consequence, RZSA are well equipped to provide expertise and advice regarding development and analysis of appropriate molecular markers and the best approach to carry out a study to identify individuals, estimate heterozygosity and to verify lineage and relatedness of captive bred individuals in the current breeding population.

2) Description of the work carried out during the visit
Following meetings with the ESB studbook holder for Fischer’s turaco, plans have been made to acquire feather samples for DNA extraction from as many individuals as possible, to include in the study, with the potential to resolve the issue of relatedness and genetic diversity of the current captive breeding population.  The same strategy for sample collection will be applied to the acquisition of samples from the ex situ red crested turaco population.  Due to the fact that it is currently the breeding season for these birds, it is unlikely that the birds will be handled until offspring have fledged, therefore sample collection will recommence in September, with a view to acquiring all samples by the end of the year.  The study will aim to collect samples from at least 50% of the total captive population, to ensure that the parameters under consideration can be estimated for a representative proportion of the population, although ideally samples will be collected from all individuals that are currently in the captive breeding subset.  Particular emphasis will be placed on acquiring samples from those individuals with a high degree of unknown / completely absent pedigree information.  To date, samples from n=50 red crested turacos, and n=26 Fischer’s turacos.  This represents approximately 30 % of the total zoo collections of red crested turacos and 15 % of Fisher’s turacos.  Samples have also been collected from private collections for each species, and these will also be included in the study, as it will be of interest to determine levels of genetic diversity and to compare relatedness between and within both the zoo and private ex situ collections.  There is also the potential to collect historical samples from museum collections, which will be from wild birds.  It will be of value to include these samples in the study in order to determine changes in genetic diversity over a historical time frame, as well as to assess the genetic structure of wild populations in the past.  The potential to acquire samples from wild birds for both species was also discussed, as it would be beneficial to compare parameters such as genetic diversity between wild and captive populations.  However, due to the arboreal nature of these birds in the nature and the fact that they are canopy dwellers, it would be quite difficult to obtain samples in the field.  However, it may be possible to obtain samples from wild individuals that have been illegally transported into Europe, which have been intercepted by customs authorities. This is an avenue of sample collection that requires further exploration.

Discussions are still ongoing with regards to the strategy to be adopted to maximise the information available to conservation managers to enable them to make best decisions in terms of breeding programmes – that is whether it is best to determine relatedness of each individual in the current breeding population and to estimate genetic diversity and to only include those birds that have been assessed in any future breeding programme; or, whether it is possible to begin to fill in gaps in traditional studbook data, by including as many individuals as possible that are in the current studbook and breeding population and to integrate molecular data with the available ancestry records. The optimal approach may be to carry out an assessment of the current ex situ population and to use this data as a benchmark for future breeding strategy and conservation management.
   
3) Description of the main results obtained

In addition to meetings to discuss sample acquisition, whilst visiting RZSA, I was also given the opportunity to benefit from the research group’s expertise in the use of microsatellite based approaches to conservation genetics based projects.  The research group demonstrated the practical aspects of microsatellite project design, with particular attention being paid to how to test microsatellite primers for suitability and for selection for the study, as well as how to multiplex the fluorescently labelled PCR reactions prior to genotyping.  Subsequently, I was shown how to use the relevant software (Genemapper ®)to analyse the microsatellite markers in individuals and how to interpret the data by scoring alleles and binning data, prior to population genetic analysis.  

As well as passing on knowledge regarding the use of microsatellites for population genetics studies, the research group also demonstrated best technique for sample preparation to yield maximum DNA concentrations from feathers, which do not contain huge amounts of genomic DNA, as well as modified protocols to determine the sex of samples by PCR using the CHD1 gene primers P2 and P8 and a post PCR restriction enzyme.

Finally, discussions were held in order to compare the potential of a microsatellite genetic approach with a genomic RAD-seq approach to resolve issues with lack of pedigree information and associated problems in the management of these species ex situ.  In order to determine relatedness and genetic diversity of the current captive population for both these species, a number of parameters will need to be considered.  The primary factor which will determine the approach adopted will be restricted by the lack of pedigree information (current captive breeding decisions for both species are being made based on records for only 30% of the total pedigree with information available for only a few founder individuals.)  This factor, combined with the number of samples that will potentially be acquired for each species (for example n= approximately 80, from a total captive population size of 160 for both species) means that a vast amount of molecular markers will be required.  One of the key problems with microsatellite marker analysis in this sort of study, is that although hundreds of microsatellite regions will be identified using genomic data for a species, after selection for optimisation, suitability, and heterozygosity only a handful of suitable candidate microsatellite primers will remain (at best fifty).  
      The alternative approach to generating molecular markers for this sort of study is the newer genomic technology of RAD-seq.  This approach employs restriction enzyme digest prior to Next Generation Sequencing (NGS) and samples a fraction of the genome, so reducing overall sequencing cost compared to whole genome sequencing and thereby making this an accessible technology for a conservation based project with associated lower budgets available. RAD-seq technology generates thousands of molecular markers at high resolution and delivers powerful genomic data.  During the visit to RZSA, as discussions progressed, it was felt that RAD-seq may offer the best method to generate the many molecular markers that will be necessary to resolve the pedigree issues for the captive bred red crested and Fischer’s turaco populations.  It is anticipated that initially genotyping will be carried out using RAD-seq generated molecular markers, for individuals sampled, for each species.  Once the sequencing data has been acquired, the raw data can be assembled with by aligning to the published red crested turaco reference sequence genome (although another advantage of RAD-seq data is that it can be assembled de novo by aligning unique sequences with minimal differences between them and comparing counts at each base for each position to call indels and SNPs at a specific locus).  For the sequence alignment to the reference genome standard bioinformatics software such as SAMtools or BWA will be used. Following alignment of the RAD-seq data for each individual, population genetic analysis and genotyping will be carried out and co-ancestries estimated by analysing the thousands of SNPs generated.  This will provide an estimate of relatedness of individuals in the current ex situ population.  However, it is unlikely that even 50% of the whole pedigree will be able to be sampled for each species, which will make it tricky to integrate the molecular data with studbook data – if more of the pedigree could be sampled, it would be potentially possible to integrate the genotyped molecular data with studbook data, using MOLCOANC software.

4) Future collaboration with host institution (if applicable)

The project will continue to operate in collaboration with and under the guidance of RZSA – as it progresses and once the genomic marker sequence data is available, we will seek their advice with regards to handling and analysing the data, as well as liaising with the studbook holder for Fischer’s turaco to co-ordinate the recruitment of participants for the study, as well as the collection of samples.
5) Projected publications / articles resulting or to result from the grant (ESF must be acknowledged in publications resulting from the grantee’s work in relation with the grant)
Due to the early stage of this research project, no publications are currently in progress at this time point.  However, it is anticipated that using this methodology to clarify the genetic structure of ex situ populations of these avian species of conservation concern with poor pedigree, to inform future conservation management strategies, will represent significant research output for peer reviewed publication, for which the contribution of ESF and this grant award will be acknowledged.     

6) Other comments (if any)
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We propose a molecular genetics and genomics based approach, employing either microsatellite markers, or RAD-seq (Restriction Associated Digest sequencing) technology, or a combination of both, to generate sufficient markers to use in population genetic structure analysis.  The ability to understand the population structure at a molecular level will be essential to assess relatedness and genetic diversity of these species in captive-bred collections and will be essential in order to prevent inbreeding as a consequence of breeding closely related individuals and to inform future conservation management of these species, both in situ and ex situ.
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Following meetings with the ESB studbook holder for Fischer’s turaco, plans have been made to acquire feather samples for DNA extraction from as many individuals as possible, to include in the study, with the potential to resolve the issue of relatedness and genetic diversity of the current captive breeding population.  The same strategy for sample collection will be applied to the acquisition of samples from the ex situ red crested turaco population.  Due to the fact that it is currently the breeding season for these birds, it is unlikely that the birds will be handled until offspring have fledged, therefore sample collection will recommence in September, with a view to acquiring all samples by the end of the year.  The study will aim to collect samples from at least 50% of the total captive population, to ensure that the parameters under consideration can be estimated for a representative proportion of the population, although ideally samples will be collected from all individuals that are currently in the captive breeding subset.  Particular emphasis will be placed on acquiring samples from those individuals with a high degree of unknown / completely absent pedigree information.  To date, samples from n=50 red crested turacos, and n=26 Fischer’s turacos.  This represents approximately 30 % of the total zoo collections of red crested turacos and 15 % of Fisher’s turacos.  Samples have also been collected from private collections for each species, and these will also be included in the study, as it will be of interest to determine levels of genetic diversity and to compare relatedness between and within both the zoo and private ex situ collections.  There is also the potential to collect historical samples from museum collections, which will be from wild birds.  It will be of value to include these samples in the study in order to determine changes in genetic diversity over a historical time frame, as well as to assess the genetic structure of wild populations in the past.  The potential to acquire samples from wild birds for both species was also discussed, as it would be beneficial to compare parameters such as genetic diversity between wild and captive populations.  However, due to the arboreal nature of these birds in the nature and the fact that they are canopy dwellers, it would be quite difficult to obtain samples in the field.  However, it may be possible to obtain samples from wild individuals that have been illegally transported into Europe, which have been intercepted by customs authorities. This is an avenue of sample collection that requires further exploration.
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In addition to meetings to discuss sample acquisition, whilst visiting RZSA, I was also given the opportunity to benefit from the research group’s expertise in the use of microsatellite based approaches to conservation genetics based projects.  The research group demonstrated the practical aspects of microsatellite project design, with particular attention being paid to how to test microsatellite primers for suitability and for selection for the study, as well as how to multiplex the fluorescently labelled PCR reactions prior to genotyping.  Subsequently, I was shown how to use the relevant software (Genemapper ®)to analyse the microsatellite markers in individuals and how to interpret the data by scoring alleles and binning data, prior to population genetic analysis.  

As well as passing on knowledge regarding the use of microsatellites for population genetics studies, the research group also demonstrated best technique for sample preparation to yield maximum DNA concentrations from feathers, which do not contain huge amounts of genomic DNA, as well as modified protocols to determine the sex of samples by PCR using the CHD1 gene primers P2 and P8 and a post PCR restriction enzyme.

Finally, discussions were held in order to compare the potential of a microsatellite genetic approach with a genomic RAD-seq approach to resolve issues with lack of pedigree information and associated problems in the management of these species ex situ.  In order to determine relatedness and genetic diversity of the current captive population for both these species, a number of parameters will need to be considered.  The primary factor which will determine the approach adopted will be restricted by the lack of pedigree information (current captive breeding decisions for both species are being made based on records for only 30% of the total pedigree with information available for only a few founder individuals.)  This factor, combined with the number of samples that will potentially be acquired for each species (for example n= approximately 80, from a total captive population size of 160 for both species) means that a vast amount of molecular markers will be required.  One of the key problems with microsatellite marker analysis in this sort of study, is that although hundreds of microsatellite regions will be identified using genomic data for a species, after selection for optimisation, suitability, and heterozygosity only a handful of suitable candidate microsatellite primers will remain (at best fifty).  

The alternative approach to generating molecular markers for this sort of study is the newer genomic technology of RAD-seq.  This approach employs restriction enzyme digest prior to Next Generation Sequencing (NGS) and samples a fraction of the genome, so reducing overall sequencing cost compared to whole genome sequencing and thereby making this an accessible technology for a conservation based project with associated lower budgets available. RAD-seq technology generates thousands of molecular markers at high resolution and delivers powerful genomic data.  During the visit to RZSA, as discussions progressed, it was felt that RAD-seq may offer the best method to generate the many molecular markers that will be necessary to resolve the pedigree issues for the captive bred red crested and Fischer’s turaco populations.  It is anticipated that initially genotyping will be carried out using RAD-seq generated molecular markers, for individuals sampled, for each species.  Once the sequencing data has been acquired, the raw data can be assembled with by aligning to the published red crested turaco reference sequence genome (although another advantage of RAD-seq data is that it can be assembled de novo by aligning unique sequences with minimal differences between them and comparing counts at each base for each position to call indels and SNPs at a specific locus).  For the sequence alignment to the reference genome standard bioinformatics software such as SAMtools or BWA will be used. Following alignment of the RAD-seq data for each individual, population genetic analysis and genotyping will be carried out and co-ancestries estimated by analysing the thousands of SNPs generated.  This will provide an estimate of relatedness of individuals in the current ex situ population.  However, it is unlikely that even 50% of the whole pedigree will be able to be sampled for each species, which will make it tricky to integrate the molecular data with studbook data – if more of the pedigree could be sampled, it would be potentially possible to integrate the genotyped molecular data with studbook data, using MOLCOANC software.

The project will continue to operate in collaboration with and under the guidance of RZSA – as it progresses and once the genomic marker sequence data is available, we will seek their advice with regards to handling and analysing the data, as well as liaising with the studbook holder for Fischer’s turaco to co-ordinate the recruitment of participants for the study, as well as the collection of samples.

Due to the early stage of this research project, no publications are currently in progress at this time point.  However, it is anticipated that using this methodology to clarify the genetic structure of ex situ populations of these avian species of conservation concern with poor pedigree, to inform future conservation management strategies, will represent significant research output for peer reviewed publication, for which the contribution of ESF and this grant award will be acknowledged.


