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EXECUTIVE SUMMARY  

The completion of the Plant and Fungal Tree of Life is a strategic science priority for the Royal 

Botanic Gardens, Kew. The Plant and Fungal Trees of Life Project (PAFTOL) has received significant 

funding from the Calleva Foundation, the Sackler Trust and the Garfield Weston Foundation. This 

funding has allowed RBG Kew to commence work in earnest on plant components of PAFTOL in 

April 2016. 

 

The key achievements of PAFTOL during its first year (April 2016-March 2017) are as follows: 

 

• Establishment of project governance and three workpackages initiated. 

• Recruitment of the project team; five staff hired and in post between May 2016 and January 

2017. 

• The establishment of the Sackler Phylogenomics Laboratory and the Calleva Phylogenomics 

Research Programme, including the procurement of many items of specialist equipment and 

training of PAFTOL staff in genomic methods. 

• Standards and methods for DNA sample selection from Kew’s collections established and 

trialled. 

• A gap analysis of Kew’s collections for DNA research completed and sampling strategy put in 

place. 

• Engagement of broader Kew staff in the initiation of a wide range of PAFTOL research on priority 

plant groups for Kew Science. 

• The design and implementation of a novel genomic protocol for the delivery of PAFTOL Plants, 

and the completion of a pilot study on 288 samples to test this ground-breaking approach. 

• The initiation of a pilot study on fungal genera, which aims to sequence 100 fungal genomes 

to provide seed data for future fund-raising. 

• Procurement of an in-house high performance computer cluster for genomic research. 

• Development of bioinformatics software to process PAFTOL genomic data. 

• Initial requirements gathering for the PAFTOL Explorer and Dashboard. 

• Building of strong links with key stakeholders, especially in the USA. 

• Presentation of PAFTOL at five major conferences and at an internal launch event at Kew. 

 

In year 2, we expect to see PAFTOL go in to full production phase. We will gather genomic DNA 

sequence data from 1000 genera, fully exploiting the riches of Kew’s collections. Our 

bioinformatics capability will expand in parallel to meet the needs of the growing demand. The 

PAFTOL Explorer will be fully scoped and a proof-of-concept product will be developed. Our novel 

genomic methodology will be published and made available to the widest international audience 

to create numerous collaborative opportunities for PAFTOL. We will promote our activities to the 

widest audience, ensuring that the impact of PAFTOL continues to grow. 

 

 

  



PAFTOL Annual Report 2016-2017 

 
 
 

 2 

INTRODUCTION 

Project Summary 

Evolutionary trees are powerful tools for prediction, species discovery, monitoring and 

conservation. To better understand how the world’s plants and fungi are related to each other 

and how they have evolved, we aim to complete the Plant and Fungal Trees of Life (PAFTOL). 

Through comparative analysis of DNA sequence data, the backbones of these Trees of Life are 

already relatively well understood, and many components have been studied in great detail. 

However, DNA data are still lacking for many genera and the vast majority of species of plants 

and fungi, preventing their accurate placement within this evolutionary framework.  

To complete the Plant and Fungal Trees of Life for all genera, we will utilise Kew’s collections to 

produce genome-scale DNA data for a representative of each genus of plant and fungus using 

high-throughput sequencing technologies. This comprehensive investigation of evolutionary 

relationships will provide a unifying framework for comparative plant and fungal research, greatly 

accelerating the discovery of new taxa, particularly in less well-known groups, as well as 

facilitating the exploration of properties and uses. The project is an essential step towards the 

compilation of genomic data for all known species using Kew’s collections.  

Project Objectives 

Kew is committed to completing the Plant and Fungal Trees of Life by generating and compiling 

high throughput sequencing data for one representative of all 14,000 flowering plant genera and 

all 8,200 fungal genera, respectively by 2020. Kew is uniquely positioned to achieve this for 

multiple reasons: 

 

• Kew holds the richest plant and fungal collections in the world, in its living collection, the 

herbarium and fungarium, the Millennium Seed Bank and the DNA and tissue collections. 

High-throughput sequencing techniques will allow us to mine these assets as never before, 

extracting genetic data from herbarium and fungarium samples that were previously 

unusable for such research. 

• Our track record of phylogenetic research is unrivalled and is augmented by deep specialist 

expertise in plant and fungal taxonomy and systematics, guaranteeing the quality of the data 

we will generate for PAFTOL. This is in stark contrast to many of the data held in public 

repositories, for which species identifications are often dubious, significantly limiting their 

scientific value.  

• We have an extensive, worldwide network of partners; the trust and credibility earned by Kew 

among those partners facilitates access to samples for research as well as collaborations 

essential to the success of PAFTOL. 

• We have extensive experience of global biodiversity informatics and services and are ready to 

embrace the informatics demands of PAFTOL research, integrating it with other strategic 

priorities for Kew, such as the Plants of the World Online portal. 

• The channels for public engagement at Kew are rich and numerous, providing enviable scope 

for bringing PAFTOL research to a broad audience. We aim to share PAFTOL far and wide, 

through our gardens (1.3 million visitors/year) and public outreach programme, publications 

and other media, and our website and internet services (3.5 million visits/year). 
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Project Impact  

The impacts of PAFTOL will be far-reaching and of the broadest significance and include: 

 

• The creation of fundamental knowledge with the widest array of societal applications, 

potentially affecting the livelihoods of billions of people through drug discovery, exploitation 

of wild relatives of crop species, and development of new biofuels and materials, for 

example. 

• The acceleration of the discovery of life on Earth using PAFTOL trees and data to identify 

plant and fungal specimens from field research (including highlighting new species), firmly 

embedding the molecular revolution in biodiversity exploration.  

• The elucidation of the origins and evolutionary processes underpinning plant and fungal life. 

• The publication of numerous high impact science papers in the highest profile journals of 

relevance to the broadest scientific audience. 

• The dissemination of trees of life through an innovative web interface (the PAFTOL Explorer) 

reaching a diverse audience from experts to school children. 

• Vast quantities of high credibility, “big data” from plant and fungal genomes made publically 

accessible through GenBank, a public repository now housing more than one trillion 

nucleotide bases accessible to millions of researchers from around the world.  

• Rich opportunities to significantly increase the public understanding of the importance of the 

tree of life to daily life.  

• Finally, PAFTOL will create the capacity and infrastructure that will place Kew at the forefront 

of the phylogenomic revolution, making it a leader in the application of genomic methods to 

plant and fungal diversity science and advancing the molecular digitisation of its collections. 
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ACTIVITIES IN REPORTING YEAR 2016-2017  

Funding 

At the end of 2015, the PAFTOL programme received commitments for significant funding - £2m 

from the Calleva Foundation and £1m from the Sackler Trust. In addition, two postdoctoral 

positions were established under the Garfield Weston Global Tree Seed Bank Project, which 

contribute to the objectives of PAFTOL. This funding has allowed Kew to establish the Calleva 
Phylogenomics Research Programme in the Sackler Phylogenomics Laboratory.  
 

All funding received so far has been primarily focused on the delivery of the plant components of 

PAFTOL, although a fungal pilot project has been initiated and both plant and fungal 

phylogenomic research at Kew will benefit from the infrastructure and expertise that this funding 

is facilitating. We continue to seek the further funding required to achieve the ambitions of 

PAFTOL in full. 

 

Establishing the PAFTOL team and governance 
 

The first quarter of 2016 was focused on the establishment of the governance and in recruiting 

the project team. A governance framework was established as follows: 

 

• The PAFTOL Steering Group: This group, chaired by PAFTOL Leader Bill Baker (or deputy leader 

Felix Forest), is the engine of the project. It meets weekly to oversee and drive the delivery of 

PAFTOL, and ensure innovation. It monitors progress against objectives and oversees PAFTOL 

resourcing. The Steering Group is attended by selected core staff plus all PAFTOL project staff. 

The Steering Group reports regularly to the Head of Science, Prof. Kathy Willis, and to the Kew 

Foundation.  

• PAFTOL Work Packages: The research of PAFTOL has been divided into three discrete but 

linked work packages (WPs) – WP1 Sampling, WP2 Phylogenomics, WP3 Bioinformatics (see 

below). Each WP has a team around it, which meets flexibly as required, to support the delivery 

of specific objectives within the WP, promoting communication and efficient working. Each WP 

team is led by the relevant senior project staff member in collaboration with key core staff.  

• PAFTOL Output Board: This group is analogous to a board of trustees. It comprises staff from 

across Kew who can provide advice and challenge to the Steering Group, and who ensure that 

PAFTOL is fully integrated within Kew’s Science Strategy. It aims to meet 3-4 times per year. 

 

Recruitment was initiated as soon as finances were in place with new project staff commencing 

work at Kew in stages between May 2016 and January 2017. In total, five recruitments have been 

made so far. 

 

• Dr Olivier Maurin – Senior researcher (coordination and sampling, WP1 leader)  

• Dr Steven Dodsworth – Senior researcher (phylogenomics, WP2 leader) 

• Dr Jan Kim – Senior bioinformatician (WP3 leader) 

• Dr Niroshini Epitawalage – Research assistant (WP1&2) 

• Dr Laura Botigué – Bioinformatician (WP3) 
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KEY PLAYERS IN PAFTOL  

William Baker 
Senior Research Leader 

PAFTOL Project leader 
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Senior Research Leader 

PAFTOL Deputy leader 

 

 

Abigail Barker 
Head of Science 

Bioinformatics 

 

 

 

 

 

Wolf Eiserhardt 
Research Leader 

Integrated Monography 

Sampling 

Robyn Cowan 
Lab Technician 

Phylogenomic 

 

 

 

 

 

Joe Parker 
Bioinformatics 

Ester Gaya 
Research Leader 

Mycology 

 

 

 

  

 
Jan Kim 

PAFTOL Senior Scientist 

in charge of the 

Bioinformatics  

 

Olivier Maurin 
PAFTOL Senior Scientist 

in charge of the 

sampling and 

coordination 

 

 

 

 

 
Steven Dodsworth 

PAFTOL Senior Scientist 

in charge of the 

Phylogenomic 

 

Laura Botigué 
PAFTOL 

Bioinformatician 

 

 

 

 

 

Niroshini Epitawalage 
PAFTOL Research 

assistant 

 

Sidonie Bellot 
Garfield Weston 

Phylogenomics 

Research Fellow 
 

 

 

 

 

 
Lisa Pokorny 

Garfield Weston 

Phylogenomics 

Research Fellow 
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WORK PACKAGE 1 - SAMPLING 

The remit of this work package is to develop and implement a strategy for providing genomic quality 

DNA of all plant and fungal genera, which will then be processed further by WPs 2 and 3. 

Team launch 

The Work Package 1 team began with the appointment of senior researcher Olivier Maurin as 

responsible of sampling and project coordination in May 2016 and was expanded in September 

2016 with the appointment of Niroshini Epitawalage to working across Work Packages 1 and 2 in 

DNA sample processing and preparation of high-throughput sequencing DNA libraries. The team 

meets on a regular basis, along with representative of Kew Staff collections (DNA bank, Herbarium, 

Millennium Seed bank) and Horticulture. There are also strong interactions with members of Work 

packages 2 and 3 on the workflow of samples to be processed for sequencing and on the 

databasing, tracking and reporting of these samples.  

A road map for sampling the world’s plants  

Since its launch in January 2016, WP1 has established a detailed plan for securing DNA samples 

of the world’s plant genera, including progress in three major areas:  

Sample selection standards and quality control 

The scientific value and credibility of PAFTOL hinges around the quality of the specimens chosen 

for genomic sequencing. With its world-leading collections and taxonomic expertise, Kew is 

uniquely placed to ensure that only high quality specimens enter the PAFTOL workflow. To this end, 

we developed a stringent set of standards that will guide the selection of samples for use in 

PAFTOL. This includes clear criteria for choosing a species to represent each genus, and choosing 

a specimen to represent this species. Each DNA sample must be associated with an identifiable 

voucher specimen. The herbarium voucher has to be databased and digitised, available on the 

Kew Specimen Catalogue (HerbCat) and associated with a unique barcode as well as relevant 

sample data, such as collecting information. Sample identification should be confirmed by 

taxonomic experts and the samples should preferably be of wild origin.  

DNA sampling methods 

PAFTOL will partly rely on DNA samples collected by collaborators within and outside Kew, who are 

taxonomic experts with sometimes limited experience of DNA sampling techniques. To ensure 

consistent quality and optimal preservation of the samples collected for PAFTOL, we developed an 

accessible collecting protocol for sampling living plant material that has been distributed within 

Kew. Our protocol has already been tested in Madagascar by Kew’s in-country staff and students 

during the recent field trip of Kew’s MSc programme.    
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Gap analysis and sampling strategy 

To guide our strategy for PAFTOL sampling, we compiled a global checklist of all 13,629 flowering 

plant genera, and assessed the availability of 

these genera in Kew’s various collections. We 

found that 8,483 flowering plant genera (57%) 

are available in Kew’s living collections, DNA and 

tissue bank, and Millennium Seed Bank, which 

are likely the most suitable sources for 

phylogenomic work. We have established 

collaboration with the teams managing these 

resources, and started systematic trials of DNA 

quality. An additional 38% of the genera are 

available from Kew’s herbarium, but how many 

of these can be used by PAFTOL depends on our 

success in extracting genomic quality DNA from 

them, which is a major challenge that is currently 

being addressed by WP2. We also conducted a 

preliminary geographic gap analysis, highlighting 

countries that harbour many genera that are missing from Kew’s collections, and therefore are 

priority targets for collaboration (e.g. Brazil, China).   

 

For fungi, we assessed the available material in our collections and initiated gap analyses. 

According to current records in Index Fungorum, there are around 8,194 accepted fungal genera 

and Kew may have specimens representing roughly 6,000 of them. From these, about 2,028 

genera have been collected in the last 30 years and are readily available for DNA extraction. We 

have initially prioritised groups based on three main criteria: a) in-house taxonomical expertise; b) 

groups that were technically tractable to sequence (e.g., well preserved big fruiting bodies); c) 

recently collected specimens available in the Fungarium. Based on these criteria the following 

groups of macrofungi have been targeted: 

• Suborder Agaricinae, dark and brown-spored taxa, the largest lineage within this group. 

Objective: to resolve the family limits and generic relationships, and initiate a potential 

comparative study of mycorrhizal versus saprotrophic lifestyles. 

• Family Agaricaceae. Objective: Investigating what are the free-living relatives of the fungus-

growing ant symbionts, and resolving the poorly known relationships among genera. This 

family includes the human domesticated Agaricus bisporus as well as the ant domesticated 

Leucoagaricus gongylophorus.  

• Family Boletaceae. Objective: Resolving the really difficult backbone of the Boletaceae. 

 

While the overall goal of PAFTOL is to sample all plant and fungal genera, current resources are 

insufficient to hit this target. Therefore, we are 

currently prioritising a sampling of 25% of 

flowering plant genera, which will be selected to 

represent the diversity of each family evenly. In 

this way, we will deliver a representative and 

scientific valuable flowering plant tree of life, 

even if resources do not permit us to achieve 

100% sampling. Where possible, genera that 

have never been studied genetically will be 

included in this priority sampling. In advance of 

this broad sampling, a PAFTOL Pilot is being 

completed (see WP2), in which one 

representative genus for each family of flowering Image 2: Fresh collections of various fungi taxa 

Image 1: Gap analysis of Angiosperms genera within each 
orders accepted in the Angiosperm group Phylogeny IV 
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plants will be included, ensuring that all major branches of the plant tree of life are covered.  

 

In addition to these general principles, we aim to harness expertise and engagement across Kew, 

and ensure that the opportunities offered by PAFTOL are shared widely across Kew Science. To 

that end, “expressions of interest” have been invited from Kew Science staff, in which scientists 

proposed projects that would contribute to the overall aim of PAFTOL, providing samples, expertise 

and proposals for science outputs arising from the data. To date 28 projects have been accepted, 

accounting for 6600 genera and engaging 26 Kew Science staff. Plant groups to be sampled 

include legumes, palms, orchids, Euphorbias, cactuses, arums and Irises, SE Asian tree genera, 

chinses medicinal or world food plants 

 
Phylogenomics – Work Package 2 
Recent advances in high-throughput DNA sequencing technologies have opened up a huge range 

of new possibilities for further interrogating, and therefore adding value to, Kew’s vast collections. 

WP2 aims to fully exploit these opportunities. The main objectives of this work package are to: 1) 

determine which of the available sequencing approaches, or combination of approaches, will be 

used; 2) establish a genomic data generation pipeline at Kew; 3) produce genomic data for several 

thousand genera of plants and fungi, primarily using samples from Kew’s collections provided by 

WP1.  The data produced by WP2 will feed into WP3 for bioinformatics analysis and dissemination. 

Team launch 

The Work Package 2 team began with the appointment of two Phylogenomics Research Fellows in 

October 2015 and was further launched in May 2016, with the appointment of Steven Dodsworth 

as the work package leader and Senior Researcher in Phylogenomics.  Niroshini Epitawalage joined 

the team in September 2016, working across Work Packages 1 and 2 in DNA sample processing 

and preparation of high-throughput sequencing DNA libraries. The two current Phylogenomics 

Research Fellows (Lisa Pokorny and Sidonie Bellot) also remain involved in WP2, along with other 

core Kew staff undertaking phylogenomics work in the laboratory. The team meets on a regular 

basis, along with representative technical staff from the labs, in order to ensure the smooth 

working of the lab and phylogenomics protocols, as well as ensuring that the procedures put in 

place for PAFTOL can be ultimately used easily by others.  

Sackler Phylogenomics Lab 

Much of the past year has been spent procuring equipment and ensuring that our genomics 

facilities are ready for a large increase in phylogenomics activity at Kew. We have procured and 

installed several specialist pieces of equipment 

including an Agilent 4200 TapeStation (for DNA 

quality and quantity assessment), a Covaris 

ME220 Focussed Ultrasonicator (for accurate 

shearing of DNA with 8 samples at a time), Hybex 

incubators (for accurate and consistent retrieval 

of genomic DNA regions of interest), and PCR 

flow hoods (for degraded and precious sample 

preparation).  In addition, further small pieces of 

equipment have been purchased and the labs 

have been reorganised in order to ensure we 

have the capacity to reach our target goals for 

sequencing output.  

 

 

Image 3: Plaque located in the Sackler Phylogenomic 
Laboratory 
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Changes to lab equipment planning 

We originally intended to acquire an advanced automated liquid handling system, but following a 

re-evaluation of our needs, especially once an appropriate sequencing approach for PAFTOL had 

been selected, we eventually decided against this purchase. We purchased instead two other 

instruments that will greatly help the scaling up 

of sequencing, the TapeStation and 

ultrasonicator mentioned above. We are also still 

considering the purchase of a simpler and less-

expensive liquid-handling system to automate 

parts of the phylogenomic pipeline; we hope to be 

in a position to make a decision regarding this 

potential purchase by September 2017.  The 

recalcitrant DNA facility as planned has been 

substituted by three PCR flow hoods within the 

main Phylogenomics Lab, as these presented a 

far more cost-effective solution to more sterile 

working procedures needed for degraded DNA 

samples (e.g. herbarium, fungarium) than 

modifying existing infrastructure.  

Angiosperm-wide bait kit development and Hyb-Seq 

The cornerstone of WP2 has been to develop a lab method that will deliver the sampling aims of 

PAFTOL whilst also delivering genome-scale data that is adequate for phylogenomic inference. 

Traditional approaches to phylogenetic inference are based on single genomic loci. However, the 

phylogenetic signal provided by any locus is limited in terms of resolution and may be subject to 

biases. Phylogenomics aims to overcome these limitations by using a large number of loci, spread 

across the entire genome. We decided to take a Hyb-Seq approach that combines genome 

skimming with target enrichment.  The Hyb-Seq approach enables simultaneous retrieval of 

sequences from hundreds of targeted genomic loci, using RNA baits that are designed for 

particular DNA sequences of interest. Complementing target enrichment with skimming (low-

coverage genome sequencing) will enable us to recover additional portions of the genome, 

including the plastid genome (plastome), ribosomal DNA and so on. This approach will enable us 

to focus on a core set of nuclear genes, whilst also sequencing markers previously used in plant 

systematics for compatibility, including the core plant DNA barcodes (rbcL, matK, ITS). 

 

For target enrichment we needed to decide on which regions of gDNA we would use and how to 

target these, which involved the development of 

a bait kit.  Using data from the 1KP (1000 Plant 

transcriptomes; www.onekp.com) project, we 

focussed on a core set of 353 low-copy 

(conserved) nuclear genes that are found across 

plants and their green algal relatives.  Our 

pipeline used alignments of these genes to find 

up to 15 variants per gene that would adequately 

capture the sequence diversity across 

angiosperms, without making the bait kit too 

expensive or complicated to manufacture.  The 

resulting single kit consists of approx. 72,000 

individual bait sequences of 120 bp each, 

covering the 353 genes in an overlapping 

pattern.  This should work well at hybridising all 

gene sequences across all angiosperm taxa.  An 

Image 4: PCR flow hoods use to work on degradred or 
recalcitrant DNA 

Image 5: Niroshini Epitawalage using the ultrasonicator 
Covaris 
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added advantage for enrichment methods is that they are able to pull these sequences efficiently 

out of degraded DNA samples, which has revolutionised the way in which we can unlock herbarium 

specimen DNA (Kew holds over 7 million plant specimens and over 95% of all angiosperm genera).  

The final bait design was produced in December 2016, and the first set of manufactured RNA baits 

arrived in February 2017. The company that produced these baits, MYcroarray (one of the world 

leaders in bait production; www.mycroarray.com), intends to make them available as one of their 

“off the shelf” kits, thus making them a lot more affordable for PAFTOL and, more importantly, for 

the wider plant science community, thus increasing the worldwide impact of PAFTOL’s work.   

PAFTOL pilot projects 

In order to test the methodology that we have developed, we are running an initial pilot study to 

sequence three sets of 96 samples (total of 288 samples) that are spread across the angiosperms, 

from Amborella to more derived clades.  Currently we have successfully prepared libraries for the 

first 96 samples including the bait hybridisation step, and will shortly sequence these in-house on 

an Illumina MiSeq machine in order to test the efficiency of target capture with our bait kit.   

 

The further two sets are being processed and 

will complete coverage of the angiosperm 

families when combined with 1KP data (416 

angiosperm families in total), thus providing a 

solid backbone on which to build our generic 

sampling.  We have included within our 

sampling smaller case studies of closely 

related genera or species (10 samples each), 

which we will use to test our sequencing 

approach at shallower phylogenetic levels  – 

we believe this will be important in making the 

bait kit widely used.  We expect our pilot 

results to be finalised and published within 

2017, concomitant with making the 

angiosperm-wide bait kit available publicly via 

MYcroarray.  

 

In addition, a fungal pilot project is underway with three subprojects, which will sequence whole 

genomes for a total of 100 taxa. As fungi have much smaller genome sizes than plants (on average 

c. 40 Mbp), whole genome shotgun sequencing is the most efficient approach for fungal 

phylogenomics, but other methods such as target enrichment (used for the plant approach) are 

also being tested. At the current time, sampling is finished and the first set of 24 fungal genomes 

are being sequenced in partnership with collaborators at the University of Utah. 

BIOINFORMATICS – WORK PACKAGE 3 

The completion of PAFTOL rests upon the availability of pipelines and infrastructure to process 

genomic sequence data reliably, at scale, with minimum human input. The purpose of this work 

package is to develop and implement a strategy for continuous phylogenomic inference of genome-

scale DNA of all plant and fungal genera generated by WPs 2 and 3. Dynamic inference – loosely, 

automatic incorporation of new data to update phylogenetic estimates – is a key target. This will 

result in a constantly relevant piece of scientific infrastructure with wide and continuing utility past 

the formal end of the PAFTOL project. 

 

  

Image 6 Thermocyclers for Polymerase Chain Reaction 
(PCR) 
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Team launch and organization with other WPs.  

The PAFTOL bioinformatics team has been launched with the appointments of Jan T Kim (Nov 

2016) a senior bioinformatician with a broad skillset and strong track record, and Laura Botigué 

(Jan 2017) a former postdoctoral fellow at Stony 

Brook University (US) with a strong background in 

genomics and bioinformatics. In order to ensure 

that the team provides efficient support to the 

requirements from WP1 and WP2 and to more 

generally discuss technical and infrastructural 

arising matters, the team have established an 

(informal) advisory group comprising key WP1 

and WP2 representatives as well as colleagues 

from other relevant areas of work, such as Kew’s 

DNA database and the Plants of the World Online 

Portal. The team and the advisory group meet on 

a weekly basis to promote fluent communication. 

As a result of these meetings the team has been 

able to (i) make sure that requirements from other WPs are taken into consideration when 

developing the PAFTOL pipeline (the tool that will be used to analyse the sequenced specimens, 

see below), (ii) detect weaknesses and provide a satisfactory solution for some aspects of the data 

generation processing and (iii) prepare the foundations to build an information system that will 

allow to easily keep track of the stage at which each plant is throughout the whole PAFTOL process.  

 

Genomics computer cluster 

In-house computational capacity has been substantially improved thanks to PAFTOL funding. A 

computer cluster needed to analyse the genomic data that PAFTOL will generate was procured in 

December 2016 and has become available for first exploratory tests in February 2017. This is a 

High Performance Computer cluster that has been implemented collaboratively between Kew’s 

departments of IT and of Biodiversity Informatics and Spatial Analysis.  

PAFTOL pipeline: Phylogenomics software framework development 

One of the most immediate challenges that the bioinformatics team needs to overcome is the 

development of a tool to analyse the genomic 

data produced by WP2. The team has reviewed 

recently published pipelines for reconstructing 

multiple target loci using the same sequencing 

technology that PAFTOL is using (plant HybSeq 

data, and multilocus phylogenomics for fungi). 

They have already identified key requirements 

and potential modifications from the original 

pipeline that will make this software more robust, 

scalable and amenable to automation, a key 

property considering the scale of the project. 

Consequently, work to re-engineer the software 

accordingly is currently underway. Another key 

objective is to ensure that the system 

appropriately operates with PAFTOL data, including highly divergent genera. For this reason the 

team is running computational simulations to evaluate the performance of the software and make 

the necessary improvements to ensure its maximum efficiency is accomplished. Finally, the team 

Image 7 Laura Botigue 

Image 7. Bioinformatician desktop screenshot 
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is building a Quality Control tool to evaluate the performance of the software when the first PAFTOL 

samples are available. 

 

PAFTOL Explorer and Dashboard 

In collaboration with their advisory group, the bioinformatics team have specified a set of minimal 

requirements for an information system to support the PAFTOL dashboard. These tools are 

fundamental to ensure a correct function of PAFTOL and a good coordination between work 

packages. They will allow, for instance, knowing at any given time at what stage throughout the 

whole process of the project a given plant is, thereby supporting management of sample 

processing in prioritising and in avoiding duplication of efforts (e.g. in different collaborations). 

Development of a first prototype is currently underway, with an initial focus on providing tools for 

gap analysis (what are the least investigated genera) and prioritisation (criteria to determine what 

plants are sequenced first). These tools may in the long term be included in the PAFTOL Explorer, 

a web application that is intended to bring PAFTOL closer to a broad range of users, from scientists 

to anyone from the general public interested in plants. 
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Stakeholder engagement  

During the past year, substantial efforts have been made 

to connect with key stakeholders relevant to PAFTOL. We 

had initially planned to hold a broad stakeholder 

engagement workshop, but have decided instead that it 

will be more efficient to engage on a more individual level 

with the most critical stakeholders. In particular, we have 

interacted closely with key individuals in the phylogenomic 

world, such as Doug and Pam Soltis (University of Florida), 

Jim Leebens-Mack (University of Georgia), and Norm 

Wickett and Matt Johnson (Chicago Botanic Garden). All of 

these people are key players in the 1KP (One thousand 

plant transcriptome project) and have been immensely 

supportive of PAFTOL goals. We have also established a 

strong link with James Rosindell (Imperial College London) 

whose OneZoom tree browser platform may play a key role 

in the PAFTOL Explorer. We are also in talks with Jonathan 

Coddington of the Global Genome Initiative (Smithsonian 

Insitution) to identify shared interests in the sampling of 

diversity for tree of life research. PAFTOL participated in 

the founding workshop of the Earth BioGenome Project at 

the Smithsonian Institution, an ambitious vision to 

sequence the genomes of all species on Earth (see 

http://www.sciencemag.org/news/2017/02/biologists-

propose-sequence-dna-all-life-earth).  

  

The PAFTOL team also participated in numerous 

conferences, seminars and workshops, presenting the 

project to a wide, international audience, e.g. Global 

Genome Biodiversity Network conference (Botanic Garden 

and Botanical Museum Berlin and the Museum für 

Naturkunde, Berlin), Centre for Ecology and Evolution 

meeting (Natural History Museum, London), UK Plant 

Evolution Meeting (University of Cambridge), International 

Biogeographic Society Meeting (University of Arizona), 

Global Biodiversity Genomics Conference (Smithsonian 

Institution), and at a Royal Botanic Gardens, Edinburgh 

seminar.  

 

Perhaps, most importantly, PAFTOL was also launched 

formally within Kew in September 2017, which boosted 

the process of engaging all Kew staff in the process. This 

launch also led on to the call for “expressions of interest” 

for PAFTOL projects described in the WP1 section above. 

 

The PAFTOL team has also taken the opportunity to engage 

with other influential individuals, especially visiting VIPs, 

such as Sir Mark Walport (Government Chief Scientific 

Advisor), Yaneth Giha (Colombian Minister for Science), 

and a delegation from the Indonesian Institute of 

Sciences. The team was also delighted to welcome Steven 

and Caroline Butt (Calleva Foundation) for a tour of the 

facilities and a personal update on project progress. 

Image 7: Interpretation panel located on the 
outside of the Sackler Phylogenomic 
Laboratory 

http://www.sciencemag.org/news/2017/02/biologists-propose-sequence-dna-all-life-earth
http://www.sciencemag.org/news/2017/02/biologists-propose-sequence-dna-all-life-earth
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Plans for 2017-18  

General: 

• Continue fund-raising efforts to ensure that all PAFTOL goals are fully resourced. 

• Multiple PAFTOL talks presented at 6-yearly International Botanical Congress in China, the 

most high profile conference in the botanical community. 

 

Work Package 1 (Sampling):  

• We will focus on sourcing and evaluating the first 1000 samples to be delivered to Work 

package 2 for phylogenomic processing, following our sampling criteria and strategy. Sampling 

will initially focus on the Kew DNA bank, herbarium, and living collections. 

• Continuously monitor the Kew living collections for flowering/fruiting specimens, and sample 

all species that are not yet represented in the DNA Bank.  

• Establish a workflow for using genera only available from the Millenium Seed Bank 

 

WP2 (Phylogenomics):  

• Complete plant pilot study (288 samples) and testing of the HybSeq approach. 

• Complete fungal pilot study (100 whole genomes). 

• One scientific publication on the angiosperm-wide HybSeq method and the complete plant 

family phylogenomic analysis. 

• One publication on the pipeline for designing the angiosperm-wide bait kit.  

• Genomic data in full production phase, aiming for 1000 samples to be processed during the 

year. 

 

WP3 (Bioinformatics):  

• Computer cluster configured and fully operational.  

• Analysis pipeline for large scale HybSeq data analysis in place. 

• Requirements for PAFTOL Explorer established and proof-of-concept developed. 

• Consequently, activity in spring and summer will centre on processing the pilot data and using 

experience gained in the process to drive development of the PAFTOL bioinformatics software 

framework. 

 

 

 


