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Executive SummaryExecutive Summary  

The Open Plant initiative aims to (i) accelerate the development of new tools and methods 
for plant synthetic biology, (ii) provide mechanisms for open exchange of resources, (iii) 
apply these standardised tools to world-leading projects in trait development, and (iv) 
facilitate interdisciplinary exchange, discussion and outreach.  
 
Major achievements over the the first year of the project have been: 

1. Refurbishment and equipping of new OpenPlant laboratories in Cambridge and 
Norwich. 

2. Establishment of a common genetic syntax for exchange of DNA parts for plants, 
extensible to all eukaryotes (Patron et al ., 2015; RFC106). 

3. Drafting of an Open Materials Transfer Agreement, a simple, standardized legal 
tool to enable sharing of materials and associated data on a more open basis.  

4. Implementation of a “single-click” OSX-installable version of the JBEIR-ICE open 
source DNA registry and DNA manipulation software. 

5. Development of routine methods for transformation and gene editing in Marchantia 
polymorpha . 

6. Development of Marchantia paleacea  as a new system for engineering 
actinomycorrhizal associations. 

7. Generation of draft genome and transcriptome maps for M. polymorpha  and M. 
paleacea. 

8. Characterisation of miR1157 and miR1162 precursors for use as synthetic gene 
regulators in Chlamydomonas reinhardtii . 

9. Refactoring and use of the HyperTrans system for rapid testing of DNA circuits for 
terpene synthesis in Nicotiana benthamiana . 

10. Funding of 16 mini-grants that incorporate broad interdisciplinarity and 
collaboration between Cambridge and Norwich - including hardware, wetware 
development and support for collaboration between OpenPlant and African 
scientists. 

11. Support for a joint Cambridge-JIC iGEM2015 team in the Hardware Track. 
12. Support for a Synbio Beta Activate event in Cambridge, to promote entrepreneurial 

interactions. 
13. Organisation of the OpenPlant Forum and international exchange. 
14. Delivery of two summer schools on Plant Synthetic Biology and CRISPR 

Technology in Plants, co-sponsored by ERA-SynBio and Plant Methods/GarNET, 
respectively. 

15. Delivery of three Science, Art and Writing educational workshops, and two school 
outreach events. 
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Introduction to the OpenPlant initiativeIntroduction to the OpenPlant initiative  

Synthetic Biology offers the prospect of reprogrammed biological systems for improved 
and sustainable bioproduction. While early efforts in the field have been directed at 
microbes, the engineering of plant systems offers even greater potential benefits. Plants 
are already cultivated globally at low cost, harvested on the giga-tonne scale, and routinely 
used to produce the widest range of biostuffs, from fibres, wood, oils, sugar, fine 
chemicals, drugs to food. However, agricultural systems face global threats from new 
pathogens, climate change, soil degradation and restricted land and water use. Plants are 
genetically facile, and GM plants are currently grown on the >100 million hectare scale. 
Plant systems are ripe for synthetic biology, and any improvement in the ability to 
reprogram metabolic pathways or plant architecture will have far-reaching consequences. 
This part of the field is in its infancy and is wide open. We believe that there is a crucial 
need to accelerate the development of new tools and methods for plant synthetic biology, 
provide mechanisms for open exchange of resources, apply these standardised tools to 
world-leading projects in trait development, and facilitate interdisciplinary exchange, 
discussion, outreach and international development. 
 
The OpenPlant initiative has been funded with three main aims: 
 

1. to create a hub for interdisciplinary exchange between Cambridge and Norwich, 
between the fundamental and applied sciences, that will underpin advances in UK 
agriculture and bioproduction.  

2. to establish systems for the open exchange of new plant tools and DNA 
components that will promote commercial innovation and international scientific 
exchange. 

3. to explore the wider implications of the technology at local and global scales. This 
will bring together a wide range of engineers, scientists and policy developers to 
explore new technologies and possible models for sustainable agriculture, 
bioproduction and land use. 

  

Vision and AmbitionVision and Ambition 

As part of the OpenPlant initiative, we plan to implement technologies for engineering 
plants:  

● Open DNA registries for sharing information, and join an international web of 
registries with the first plant specific parts.  

● A major new plant chassis for Synthetic Biology, with simple properties for high 
throughput screening and analysis at the micron scale. 

● New DNA parts for the control and quantitative imaging of genetic circuits in plants. 
● Techniques for routine genome-scale engineering in plants.  
● Software tools with improved performance for automated DNA assembly, modeling 

of synthetic gene circuits and cellular morphogenesis. 
 
The development of new tools and parts will directly contribute to the engineering of new 
traits in plants, such as:  

● Altered photosynthesis and leaf structure. 
● Changes in plant carbohydrate content. 
● Engineered pathways for the metabolic engineering of natural products. 
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● New forms of symbiosis and nitrogen fixation for crop plants. 
● Methods for high level production of biomolecules by transient expression. 

 
Current agricultural practices and cultivation of trees, crops and pastures are responsible 
for major pressures on natural environments and land use globally. The OpenPlant 
initiative will bring together an exceptional collection of scientists, whose skillsets range 
from biophysics, chemistry and DNA assembly - to crop physiology and agronomy. In 
addition, we have recruited experts  involved in conservation, entrepreneurship, law, policy 
development and the social sciences in Cambridge and elsewhere in the UK – who have 
demonstrated an interest in tackling the technical aspects of surveying future technologies. 
An overarching aim of the project is to provide a map of feasible technical approaches to 
improving bioproduction and agriculture – including studies of possible economic models, 
opportunities and social implications for different scenarios and current practices. 
  

Research ProgrammeResearch Programme  

Notable progress in the first year of the OpenPlant research programme has come in 
several areas: (i) standards and infrastructure for DNA assembly in plants, (ii) 
development of a framework and methods for more open sharing of DNA parts, (iii) 
substantial advances in the development of Marchantia as a simple model for plant 
synthetic biology, (iv) development of improved capacity  for automated metabolic analysis 
and (v) translation of these approaches to the HyperTrans system for rapid testing of 
metabolic circuits in plants.  
 
DNA Assembly 

DNA assembly is core technology that is relevant to all technical Work Packages. An early 
aim was to define standards on which the infrastructure and technology required for DNA 
assembly could be founded. With the support of the international plant science community 
we have established a common genetic syntax for exchange of DNA parts for plants, 
extensible to all eukaryotes (Patron et al ., 2015). Agreement on a standard genetic syntax 
has provided a coordinated approach to Milestones A1, B1 and E1. We now have a basis 
with which to progress our goals in automated DNA assembly and the establishment of a 
central database/registry for plant parts to underpin Work Packages A, B, D and E. 
 
The Standard Syntax for plants is also at the core of RFC 106 submitted to the BioBricks 
Foundation in February 2015 (a collaborative output from the Cambridge, Valencia and 
NRP iGEM2014 teams). The iGEM foundation has recently agreed that teams working in 
plants can submit parts to the Registry of Standard Parts in RFC 106. This sets a 
foundation for a Plant Track for the 2016 iGEM competition – currently subject of 
advanced discussions. 
 
Additionally, we are seeking to broaden impact and increase accessibility to 
bioengineering by lowering the barriers required to implement efficient DNA assembly. 
This is being achieved through optimization of protocols on low-cost alternatives to 
expensive laboratory equipment and also through outreach and educational events 
(ERA-SynBio Summer School 2015, JIC/TSL Year 10 Summer School 2015, TSL 
Molecular Plant Pathogen Interactions Summer School 2015). 
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Freedom to Operate 

OpenPlant work packages focus on shared foundational technologies and their use for 
trait development. We promote a two-tier approach to managing intellectual property. 
Potentially valuable applications can still be patent protected in the conventional manner. 
However we are exploring less restrictive models for distributing low-level tools and 
components for plant biotechnology.  
 
Linda Kahl, Stanford  is collaborating with the  drafting an Open Materials Transfer 
Agreement (OMTA), a simple, standardized legal tool that enables individuals and 
organizations to share their materials and associated data on an open basis. The primary 
purpose of the OMTA is to eliminate or reduce transaction costs associated with access, 
use, modification, and redistribution of materials and associated data. This in turn will help 
minimize waste and redundancy in the scientific research process and promote access to 
materials and associated data for researchers in less privileged institutions and world 
regions. 
 
A meeting of the IP Working Group was held on 30 July 2015. The purpose of the meeting 
was to bring together academic researchers, technical experts, and legal practitioners to 
explore the challenges and solutions for creating and sustaining an international platform 
of open technologies for plant synthetic biology. This effort is leading to the creation of 
standard legal tools as well as recommendations for policies and practices that will enable 
the adoption of open platforms for biotechnologies at the institutional level. 
 
Marchantia    

We have developed routine techniques for nuclear transformation of Marchantia using 
sporeling germination and Agrobacterium transformation. Enhancer trap vectors with dual 
fluorescence markers for quantitative imaging have been successfully tested, and a large 
screen is being undertaken. Further, Marchantia plastid transformation has been 
demonstrated using biolistic delivery of cyan fluorescent protein marker to minimise 
fluorescence crosstalk with photosynthetic pigments, and direct imaging. Draft genome 
and transcriptome maps of the Cam-1 and Cam-2 isolates of Marchantia polymorpha  have 
been determined using Illumina sequencing. The drafts have been shared with partners in 
OpenPlant working on Marchantia. In addition the Oldroyd group has obtained a draft 
genome sequence for Marchantia paleacea , a species capable of fungal symbiosis. 
 
Building capacity in metabolic and protein analysis 

A capital equipment budget was provided to increase the Mass Spectrometry capability 
and capacity at JIC, as was necessary to support the OpenPlant project. The objective 
was to develop a comprehensive suite of underpinning Mass Spectrometry facilities to the 
cost of £1.57m. All equipment is now in place, with the exception of the GC/MS with 
bespoke robotic platform which is availing installation: 
 

1. ORBITRAP FUSION TM  (Thermo) Located at TSL with 20% JIC share. The 
instrument of choice for complex proteomics applications, in particular analysis of 
post-translational modifications (e.g. phosphorylation, glycosylation). 
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2. AUTOFLEX SPEED (BRUKER). A dedicated MALDI-Tof instrument for high 
through-put analysis of peptides, carbohydrates and small molecules. 

3. SYNAPT G2 Si (WATERS). Q-ToF/ion mobility instrument with several peripheral 
sources. A very versatile instrument with a broad range of applications in proteomics 
and metabolomics, in addition to MALDI and DESI Imaging. 

4. COMPACT MS (ADVION) with TLC plate reader, ESI and APCI sources. This is a 
simple bench top instrument for hands-on use that is transforming routine analysis of 
plant extracts, enzymatic and chemical syntheses. This instrument allows rapid, 
real-time monitoring of chemical/enzymatic reactions. 

5. GC/MS WITH MULTI-PURPOSE AUTOSAMPLER (AGILENT/GERSTEL). This 
system will enable a range of GC/MS applications, based around different ionisation 
modes (EI, CI) and a range of injection techniques (liquid, headspace, solid phase 
extraction). The bespoke robotic platform is designed with automated on-line sample 
preparation for plant metabolomics studies. 

  
Trait development 

The timeframe for the deliverables within work packages F-J of OpenPlant, which focus on 
trait engineering, is from months 24-60. Plant-based bioproduction was a major theme of 
the 2015 OpenPlant Forum. The HyperTrans technology developed by the Lomonossoff 
lab at JIC has proved to be extremely powerful for transient expression of structural 
proteins in plants and has been used for production of antibodies and antigens, vaccines, 
empty virus-like particles for nanotechnology applications and human gastric lipase 
enzyme for use in a model gut system. New vectors have now been made to enable 
fine-tuning of protein levels. The system is currently being adapted to conform to the 
common plant syntax.  
 
Our work on plant natural products employs both microbial and plant expression systems. 
For example, the O’Connor lab at JIC has recently produced the plant-derived alkaloid 
strictosidine in yeast (Brown et al. 2015 PNAS 112:3205). The HyperTrans plant 
expression system has also proved to be highly amenable for expression of plant natural 
product biosynthetic pathways. The Osbourn lab has generated suites of structural 
variants of triterpenes using this platform in sufficient quantity for structural analysis by 
NMR and for assays for various applications (including surfactant properties, with industry; 
also anti-inflammatory/anti-cancer properties). We are still in the early days of evaluating 
which expression systems are best – microbial or plant - for production of different types of 
natural products.  The systems that work best for small-scale academic research may not 
be best for scale-up, and are likely to differ depending on the type of compound(s) 
involved.  
 
The HyperTrans technology is being used under licence by the Canadian company 
Medicago for production of specific vaccines.  Medicago have built scale-up facilities in the 
US and Canada and have demonstrated proof of concept for commercial production.  A 
smaller facility will be available in Norwich in 2016. This is not intended to be a commercial 
production platform will enable us to step up our capacity to make known and novel 
molecules for translational research.  
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A priority for OpenPlant over the next year is to put together impact case studies based on 
research within the programme to demonstrate the value of our research both to society 
and government.  
 
Leadership and ManagementLeadership and Management  

The management structure is unchanged from the original grant proposal. Recruitment of 
Colette Matthewman as the full-time, Norwich-based Project Manager, and Jenny Molloy 
as 40% FT Cambridge-based Coordinator completed the management team. The 
coordination group holds monthly minuted meetings and is comprised of Jim Haseloff and 
Jenny Molloy (University of Cambridge), Anne Osbourn and Colette Matthewman (John 
Innes Centre).  David Baulcombe (University of Cambridge) and Dale Sanders (John 
Innes Centre) join for quarterly minuted management group meetings to review progress. 
Weekly meetings between the Norwich-based Project Manager and Cambridge-based 
Coordinator cover day to day progress and coordination needs. This structure and 
management meeting programme combined with an online collaborative project 
management platform is designed to facilitate inter-institutional coordination.  

The Scientific Advisory Board has expanded to include more international participants than 
suggested in the original proposal and consists of: 

● Tom Knight, Ginkgo Bioworks 
● Christina Smolke, Stanford 
● Drew Endy, Stanford  
● David Rejeski, Woodrow Wilson Centre  
● Francois Kepes, CNRS 
● Tim Fell, Synthace 
● Susan Rosser, University of Edinburgh 
● Scott Steedman, British Standards Institution (BSI) 

 
The SAB had their first annual meeting in July 2015 and are to be kept appraised of 
progress and key activity via an online platform which has been set up for sharing 
notifications and documents.  

Training and Career DevelopmentTraining and Career Development  

OpenPlant will host three PhD studentships but these will not start until 2016. In terms of 
research staff, no official programme of training and career development exists within the 
SBRC as PIs and staff are embedded in the three partner institutions which offer their own 
programmes. However, we have delivered and are planning substantial complementary 
opportunities.  
 
The OpenPlant Fund plays a major role in enabling researchers, with the support of their 
group leaders, to independently apply and obtain funding for collaborative projects of 
interest that they might not otherwise be able to pursue. The funding conditions mean that 
almost all applicants will gain experience of working in an interdisciplinary team that spans 
Norwich and Cambridge and potentially further afield, including partnerships between 
OpenPlant labs that are not paired on joint projects through the work packages. The first 
call in 2015 attracted sixteen proposals ranging from DNA part development to open lab 

6!



hardware, schools outreach, international capacity building, IP policy, software and more. 
Team members came from many biological backgrounds, physics, computer science, 
engineering and law and collaborators were sourced from as far afield as Nigeria and 
Thailand. In addition to the training and research experience arising through these 
projects, the teams were supported through their applications by mixer events with 
lightning talks, pitch training and networking opportunities that 20-30 SBRC members 
participated in.  
 
OpenPlant workpackages include the use of many novel technologies which are becoming 
core to synthetic biology, such as genome editing with CRISPR-Cas tools in Workpackage 
D. Training was therefore desirable for both OpenPlant members and the  wider plant 
science community to whom OpenPlant will supply tools and parts. OpenPlant teamed up 
with GARNet to deliver a two-day workshop on CRISPR-Cas in September 2015. The first 
day of the workshop attracted ~150 participants to a series of excellent talks from local 
and international experts, showing the range of tools and applications for CRISPR-Cas 
technologies and giving technical advice on their use. Participation in day two was 
restricted to 25 novice users of the technology and Nicola Patron worked through a 
step-by-step guide to designing CRISPR-Cas experiments for knock-outs. This second 
part of the course will be run again at a later date for OpenPlant PDRAs and The 
Sainsbury Laboratory specifically. 

Plans are being put in place for a workshop in the coming year that will enable OpenPlant 
PDRAs to explore concepts of openness, bioethics, argumentation, and training in public 
engagement and media. This workshop will increase post-doctoral engagement with the 
concepts of openness and responsible research that are central to OpenPlant, improve 
skills for public engagement and will contribute to our ongoing ELSA programme. 

Training of undergraduate students plays a key role in OpenPlant’s aim of supporting open 
hardware development and training and as a pathway to international exchange. iGEM 
teams are running over Summer 2015 in both Cambridge and Norwich facilitated by 
OpenPlant-supported labs and OpenPlant has provided £10k in sponsorship to the 
Cambridge-JIC team to enter the biohardware track. OpenLabTools has been sponsored 
to offer open biohardware related summer projects to fourth year engineering students 
who are due to report their projects in November 2015. Discussions are currently 
underway with several individuals and organisations regarding synthetic biology training 
and links with countries in the global South. 
 
Added ValueAdded Value  

The 2015 OpenPlant Forum provided a focus point for Open Technology Week in 
Cambridge. The week included activities for developing fundamental tools for synthetic 
biology and beyond, including a Maker Faire, Open Technology Workshop, Pitches for the 
OpenPlant Fund and a meeting of the OpenPlant working group that is informing the 
development of the OpenMTA, a key focus of OpenPlants aims to promote freedom to 
operate. All these activities fed into the theme of the OpenPlant Forum which focused on 
access, openness and enabling technologies and attracted a strongly interdisciplinary, 
intersectorial group of ~90 participants, while a SynBioBeta Activate! Event 
“Reprogramming Life with Synthetic Biology” provided a networking event with local, 
national and international industry. The Forum itself was instrumental for showcasing the 
work of OpenPlant to a broader audience and engaging with the synthetic biology 
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community and external experts that will add value to the OpenPlant programme. 
Discussions were seeded that will shape the future of OpenPlant and the UK and 
international plant synthetic biology community. 
  
OpenPlant is working closely with The Science Art Writing Trust (SAW) to take a different 
approach to public engagement and outreach, using art and poetry to successfully 
demystify synthetic biology and capture the imagination of groups from primary school to 
adulthood. This approach gives people the space to explore the concepts, potentials and 
ethics of synthetic biology through various media that are accessible to people who are 
less engaged with science. Three successful OpenPlant-SAW workshops have been run 
in this first year of OpenPlant with involvement from several OpenPlant PDRAs (outlined in 
Workpackage L description in Annex), and plans are being developed to expand activities 
in the coming year. 
 
OpenPlant joined efforts with ERASynBio to deliver the summer school for early career 
researchers “An Introduction to Synthetic Biology in Plant Systems” in Norwich 
(September 2014). The summer school provided world-class synthetic biology training and 
networking for 20 early stage researchers from a variety of research backgrounds, from 
theorists and computer scientists to molecular, plant and synthetic biologists. Some of the 
participants had no previous plant science knowledge, so the major challenge was to 
devise a programme that would be engaging and instructive. Participants were trained 
through a diverse course of lectures, practical sessions and group projects that followed a 
design-build-test workflow and covered a wide range of theoretical, technical and ethical 
content. A full write up of the summer school was published in New Phytologist 
(Carmichael et al., 2015). 
 
A synthetic biology day was arranged by OpenPlant as part of the 2015 Year 10 Science 
Camp in Norwich. In just one day, 13 participants were guided through a range of 
interactive sessions and practicals that introduced and explored the basic concepts of 
synthetic biology, potential applications and benefits, and discussions on responsible 
research and innovation.   
  
ImpactImpact  

Synthetic Biology offers the prospect of reprogrammed biological systems for improved 
and sustainable bioproduction. While early efforts in the field have been directed at 
microbes, the engineering of plant systems offers the even greater potential benefits of 
complex metabolism, huge scale and low costs. The OpenPlant initiative aims to (1) 
promote innovation by accelerating the development and exchange of underpinning tools 
and techniques in plant synthetic biology, and to (2) facilitate outreach, policy discussion 
and international development.  
 
The first year has seen substantial progress in promoting a two-tier approach to managing 
intellectual property, as we explore ways of implementing less restrictive models for 
distributing low-level tools and components for plant biotechnology. Innovation in a young 
field like Synthetic Biology requires freedom to operate. We believe that our steps to 
facilitate free exchange of DNA parts and tools will substantially speed the take-up of new 
technologies in plant synthetic biology, and foster innovation and entrepreneurship in the 
UK and beyond. 
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The introduction of standards for the assembly of characterised DNA sequences and the 
establishment of a Registry of Standard Parts were landmarks in microbial engineering. 
Improvements in the ability to reprogram plants will impact a wide range of industries 
including textiles, fuels, sugars, fine chemicals, drugs and food. The publication of a 
common genetic syntax that enables the exchange of standard DNA parts for plants and 
other eukaryotes was a major outcome of the first year of OpenPlant (Patron et al., 2015). 
The standard has been ratified by an international consortium of scientists and is being 
applied to the production of parts for genome editing, the engineering of novel traits and to 
enable coordinated development of supporting hardware and software for bioengineering. 
The standard syntax has provided a route for the deposition of plant parts at the Registry 
of Biological Parts and the establishment of an inaugural plant track at in the 2016 iGEM 
competition. 

The social acceptance of genetic modification in field-grown crop plants remains a 
significant barrier to the adoption of plant synthetic biology in the UK. OpenPlant research, 
public engagement and outreach efforts promote (i) models for decentralised ownership 
and control of key technologies, (ii) use of cis -genics and precision gene editing 
technologies, (iii) development of new crop traits with improved properties, sustainable 
production, resource management and environmental impact, and (iv) aid international 
development and technical exchange for agriculture and sustainable land use. 
 
 
Future PlansFuture Plans  

Lab: 
● BBR grant for parts database 
● Genome resources for Marchantia 

 
Infrastructure: 

● Software infrastructure  
● Delivery of lab automation pathways 

 
Social/Outreach: 

● Implementation of OpenMTA 
● Establishment of iGEM plant track using common syntax 
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Annexes: Workpackage ReportsAnnexes: Workpackage Reports  
Workpackage A: Simple Plant Chassis, Tools and Gene DeliveryWorkpackage A: Simple Plant Chassis, Tools and Gene Delivery  

Relationship to other projects/themesRelationship to other projects/themes  
The liverworts (or Marchantiophyta) are descendants of the earliest terrestrial plants. The 
group is characterised by morphological simplicity, and this is matched by simple 
underlying genome structures. Many lower plants, including liverworts, demonstrate a 
striking tolerance of extreme stresses, a trait that would be valuable in a production 
system. Liverworts have been a largely neglected area of plant biology, but show promise 
as new experimental systems after recent developments in transformation methods and 
genome characterisation. Marchantia polymorpha  is the best characterised liverwort plant. 
It is a common weed, and can grow quickly and resiliently. The relative simplicity of genetic 
networks in Marchantia, combined with the growing set of genetic manipulation, culture 
and microscopy techniques, are set to make this primitive plant a major new system for 
analysis and engineering. We aim to establish Marchantia as a testbed for plant synthetic 
biology, which will provide a prototype for other OpenPlant initiatives in higher plants. 
 
TimingTiming  
Started September 2014 (Month 1)!

InvestigatorsInvestigators 
Jim Haseloff (15 days) 
Giles Oldroyd (1 day) 
Jim Ajioka (4 days) 
Pietro Cicuta (6 days) 
Lisa Hall (2 days) 
 
Staff EmployedStaff Employed  
Susana Sauret-Gueto (Research Manager; Haseloff lab). Starting October 2015. 
Tim Rudge (PDRA; Cicuta lab). Started August 2015. 
Tom Meany (PDRA; Haseloff and Hall labs). Starts October 2015. 
 
PartnersPartners  
Bernardo Pollak 
Christian Boehm 
Mihails Delmans 

Liam Dolan (Oxford) 
John Bowman (Monash) 
Takayuki Kohchi (Kyoto) 
Kimitsune Ishizaki (Kobe) 
 
AimsAims  
The aim of this Workpackage is to exploit the extraordinary experimental properties of 
Marchantia, and produce systematic collections of (i) experimental protocols and (ii) 
shared DNA parts. This will include a comprehensive collection of promoters, selection 
markers, and fluorescent and biopigment reporter genes. In addition, (iii) we will produce 
and distribute Marchantia lines with integrated cell fate markers in order to track 
physiological and morphogenetic changes. We will distribute information using 
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laboratory-based web sites and instances of the JBEI-ICE registry, and distribute DNAs 
and plant material via the OpenMTA. The same methods for public distribution will be used 
widely in other OpenPlant workpackages. 

 
Progress to dateProgress to date 
The only project milestone for Workpackage A in the first year was: 

Milestone A1: Establishment of laboratory for automated DNA assembly, measurement, 
and quantitative imaging.  Deliverable: Commissioning of the OpenPlant laboratory (month 
9). The OpenPlant laboratory in Cambridge was created from a refurbished teaching 
laboratory at the Department of Plant Sciences, including the construction of new imaging 
suites, dedicated equipment room and office space, and commissioned in December 
2014. 

In addition, we have seen substantial progress in a number of other areas. 

A2: Dr. Tim Rudge has commenced work in the Cavendish Laboratory in Pietro Cicuta’s 
Lab. He is developing microfluidics approaches for quantitative measurement of gene 
expression in single cells. Dr Tom Meany has been appointed to a shared position in Jim 
Haseloff and Lisa Hall’s laboratories, where OpenPlant fund has been extended by the 
joint award of a Wellcome Trust Interdisciplinary Fellowship. Tom will be developing 
Raman spectroscopy based approaches for high throughput analysis of cells in 
microfluidic vessels. 

A3-5: Bernardo Pollak (Haseloff lab) has established a reliable Marchantia spore 
transformation system, which is capable of high throughput production of transgenic 
plants. Further, Guru Radhakrishnan (Oldroyd lab) has developed a transformation 
protocol for vegetative tissues, based on blender treatment and plantlet regeneration. This 
is a useful adjunct for serial transformation experiments, and the protocols are being 
shared. We have refactored a number of different coloured fluorescent proteins for efficient 
expression in Marchantia, and developed a second generation enhancer-trap system. This 
has successfully tested and will be scaled up over the next year.  

A5-7: Bernardo Pollak has generated draft genome and transcriptome sequences for the 
CAM-1 (male) and Cam-2 (female) isolates of Marchantia polymorpha. He and Mihails 
Delmans are annotating the genome. The Oldroyd lab has generated genome sequence 
for (symbiotic) Marchantia paleacea , and the two laboratories are collaborating on species 
comparisons. Bernado Pollak has commenced mining the genome dataset for synthetic 
promoters, developed assay systems, and successfully tested the first promoter 
candidates. In addition, he has continued to develop a refactored and efficient 
CRISPR-Cas9 system for use in Marchantia.This has been used for rapid generation of 
targeted knock-out mutations in transgenic plantlets.  

Evidence of the quality of the researchEvidence of the quality of the research  
No outputs have yet been published. 

Other evidence of impactOther evidence of impact  
None.  
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Workpackages B+D: DNA Assembly and Genome EngineeringWorkpackages B+D: DNA Assembly and Genome Engineering 

Relationship to other projects/themesRelationship to other projects/themes  
DNA assembly and genome engineering are core synthetic biology technologies and will 
be applied to all workpackages. 

Established standards for engineering plant genomes underpin the development of other 
technologies and platforms and therefore the outcomes of workpackage D are relevant to 
other platforms and technologies, especially workpackage B (Gene Assembly and Open 
Registries Software) and Deliverable E1 (Software for automated DNA assembly).  

The genome editing tools and large-scale gene assembly technologies developed in 
workpackage D will be of direct benefit to all the trait-engineering work-packages (F, G, H, 
I and J). Specifically, vectors for chloroplast manipulation and methods to achieve 
homoplasty are being developed for use in workpackage F and molecular tools for 
targeted genome editing are being developed for use in workpackages G, H and I. 

TimingTiming  
Started September 2014 (Month 1) 

InvestigatorsInvestigators 
Nicola Patron (WP-B: 5 days; WP-D: 10 days) 
Jim Haseloff (WP-B: 5 days; WP-D: 5 days) 
Jim Ajioka (WP-B: 4 days; WP-D: 4 days) 
Giles Oldroyd (WP-B: 0.5 days; WP-D: 1 day) 
James Locke (WP-B: 2 days) 
Christopher Howe (WP-B: 0.5 days) 
Alison Smith (Cambridge; WP-D: 2 days)  
Sebastian Schornack (WP-D: 8 days) 
Julian Hibberd (WP-D: 1 day) 

Staff EmployedStaff Employed  
Oleg Raitskin (PDRA; Patron lab). Started January 2015. 
Douglas Griffith (PDRA; Locke lab). Started July 2015. 
David Willey (PDRA; Ajioka lab). Starts September 2015. 
T.B.A (PDRA; Schornack lab). No candidates identified in 1st round. Re-advertise in Q4 
2015 

PartnersPartners 
The CRISPR/Cas9 workshop held at JIC in September 2015 was co-funded by the 
Genomic Arabidopsis Resource Network (GARNet)  

Through Workpackage I (N2 Fixation), OpenPlant interfaces with the Engineering Nitrogen 
Symbiosis for Africa (ENSA) project and other Gates-funded cereal engineering projects. 
Collaborations to accelerate the application of genome engineering technologies are being 
established, including through seed-funding from the Gates Cereal Engineering 
Consortium.  

Henderson lab, University of Cambridge 
Uauy lab, John Innes Centre 
Wendy Harwood, John Innes Centre 

AimsAims  

12!



Hierarchical DNA assembly methods are a necessary part of genome construction and 
modification. These two workpackages aim to (i) set standards for plant synthetic biology; 
(ii) establish registries for sharing of plant-specific DNA parts; (iii) generate collections of 
plant DNA parts; and (iv) create standard tools for the engineering of plant genomes.  

Progress to dateProgress to date 
An early aim was to define standards on which the infrastructure and technology required 
for DNA assembly could be founded. With the support of the international plant science 
community we have therefore established a common genetic syntax for exchange of DNA 
parts for plants, extensible to all eukaryotes (Patron et al 2015). Agreement on a standard 
genetic syntax has provided a coordinated approach to Milestones A1, B1 and E1. We 
now have a basis from which to progress our goals in automated DNA assembly and the 
establishment of a central database/registry for plant parts to underpin Work Packages A, 
B, D and E. 

B1-2: A simple method for the one-click installation of a DNA database has been 
implemented. In collaboration with Nathan Hilson (JBEI), we have compiled a public OSX 
based version of the ICE DNA registry. The open source project is hosted on Github 
(https://github.com/fathomlabs/IceApp ) and is intended to provide a platform for future 
compilation and distribution of the ICE in app form, for individual and local use. 

B3: Douglas Griffith has been appointed in James Locke’s lab to build rationally designed 
parts for cyanobacterial synthetic biology that will be made publicly available. He is 
developing improved inducible promoters for the model cyanobacteria Synechococcus 
elongatus 7942,  and developing improved fluorescent reporters to enable better 
quantification of the output of the genetic parts. This includes codon optimised versions of 
newly available YFP and CFP fluorescent proteins.  

D1-3: David Willey has been appointed in Jim Ajioka’s lab to construct yeast based 
systems for genome-scale DNA assembly, editing and shuttling to plant systems. The 
121KB Marchantia chloroplast genome will be the first target for large DNA manipulation. 
Christian Boehm (Haseloff lab) has established plastid transformation in Marchantia. He 
has created the first fluorescent markers for liverwort plastid transformation. The Ajioka 
and Haseloff labs will collaborate to build and test a synthetic plastid genome shuttle 
vector.  

D4: Oleg Raitskin (Patron lab) has developed a digital-droplet based PCR assay to 
quantify the efficiency of double-stranded break creation, allowing us to compare different 
components and design the most efficient toolkit. In addition, he has demonstrated 
RNA-guided Cas9-mediated targeted mutagenesis and gene deletion in model species 
(Nicotiana, Arabidopsis). This has also been established in the Schornack lab, where an 
internal access website for genome editing at UCam has been set up. Sebastian 
Schornack is collaborating with the Henderson lab, advising on TALEN design. 

Vectors and construction strategies for RNA-guided Cas9-mediated genome editing from 
the Patron Lab are currently being applied to engineer carbohydrates in potatoes (PDRA 
Aytug Tuncel; Smith Lab (JIC); workpackage G). We have also applied our molecular tools 
to collaborative projects with scientists at the John Innes Centre (e.g. Wendy Harwood and 
Cristobel Uauy), successfully editing barley and Brassica oleracea (Lawrenson et al, in 
review). Similar systems have been established in Marchantia (see above). 
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Evidence of the quality of the researchEvidence of the quality of the research  
Patron et al. 2015. Standards for plant synthetic biology: a common syntax for exchange              
of DNA parts. New Phytol. DOI:10.1111/nph.13532 

Lawrenson et al.  (in review); Patron and Raitskin (in review). Two articles describing and 
demonstrating the use of RNA-guided Cas9 for targeted genome editing in plants. 

Other evidence of impactOther evidence of impact  
The Standard Syntax for plants is at the core of RFC 106 (Rutten et al. 2015; 
http://hdl.handle.net/1721.1/96069) submitted to the BioBricks Foundation in February 
2015. This was a collaborative output from the Cambridge, Valencia and Norwich 
Research Park 2014 iGEM teams, whose efforts in using plant chassis at iGEM were 
highlighted in Synthesizing tomorrow (Nature Plants 1, Article number: 15047 (2015).  

In recognition of the establishment of a DNA assembly standard for plants, the iGEM 
foundation have agreed that parts can be submitted to the Registry of Biological Parts in 
RFC 106 (the plant standard syntax). This has set the foundation for an inaugural Plant 
Track at the 2016 iGEM competition chaired by Haseloff with Nicola Patron (TSL) and 
Diego Orzaez (IBMCP, Valencia). 

Training on DNA assembly and genome editing tools developed in workpackage D have 
been deployed to the UK and international plant communities though: 

● ERA-SynBio Summer School, September 2014 (Haselof, Osbourn, Patron, 
Schornack) 

● TSL Microbe Interactions Summer School, August 2015  
● JIC/TSL Year 10 Summer School, August 2015 (Patron) 
● GARNet-OpenPlant CRISPR workshop, September 2015. As well as a day of talks 

22 researchers will attend a hands-on training workshop (Patron) 

Additionally: 

2014 Science Media Centre and BBSRC Press Briefing: New Crop Breeding Technologies 
and Genome Engineering: 
http://www.sciencemediacentre.org/new-crop-breeding-technologies-genome-engineering-
and-beyond/ (Schornack) 

2015 Nuffield Council on Bioethics: Scoping Workshop on Genome Editing: 
http://nuffieldbioethics.org/news/2015/council-hosts-scoping-workshop-on-genome-editing/ 
(Schornack) 
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Workpackage C: New mechanisms for Regulation of Gene ExpressionWorkpackage C: New mechanisms for Regulation of Gene Expression  

Relationship to other projects/themesRelationship to other projects/themes  
This project relates to the following projects: 

● Riboswitch in new chassis (C3) and Riboregulator circuits (C4), led by Alison 
Smith. Tools for transgene delivery into the alga Chlamydomonas and for the 
control of gene expression are common interests. 

● Cyanobacteria circuits (B3), led by James Locke lab. Similar methods for the 
quantitative measurement of circuit outputs will be implemented. 

● Other projects running in the RNA silencing lab. Tools, mutant strains, methods and 
characterization of components of the RNA silencing machinery in 
Chlamydomonas are being exchanged. 

TimingTiming  
Started May 2015 (Month 9) 

InvestigatorsInvestigators   
David Baulcombe (5 days) 
Alison Smith (Cambridge; 4 days) 
Anne Osbourn (0 days) 

Staff EmployedStaff Employed  
Francisco Navarro (PDRA; Baulcombe lab at University of Cambridge). Started May 2015 

PartnersPartners  
Francisco Navarro in collaboration with Dr. Marielle Vigaroux (John Innes Centre) has 
been awarded an OpenPlant Fund grant for gene synthesis optimization in 
Chlamydomonas. 

AimsAims    
1) To develop tools of gene expression control using the endogenous RNA silencing 
machinery of the green alga Chlamydomonas reinhardtii. 

2) To design and construct synthetic gene circuits of increasing complexity using miRNAs. 

3) To evaluate the mechanism of sRNA-dependent gene silencing in Chlamydomonas by 
quantitative methods. 

Progress to dateProgress to date  
Project Milestone C1 is the only milestone scheduled to be underway in the first year of 
OpenPlant: 
 
Progress in cell chassis: 
We use two different Chlamydomonas strains as hosts of gene circuit constructs, the cell 
wall-less mutant CC-1883 and the wild type CC-1690. While the transformation protocol of 
CC-1883 is well established, we have had to optimize an electroporation protocol for the 
transformation of the wild type strain. Using this protocol, we are now obtaining a sufficient 
number of transformants for our experiments. 

Progress in gene circuits: 
1. Development of a Chlamydomonas parts kit for Golden Gate cloning. 
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Golden Gate cloning is an inexpensive and modular method of gene assembly. We have 
constructed a number of vectors that contain promoters, coding sequences and 
non-coding elements useful for Chlamydomonas, which can be easily assembled using 
Golden Gate cloning. Modified miRNA precursors sequences have been integrated into 
these constructs.  The components have all been assembled using the OpenPlant syntax 
to facilitate their usefulness to other groups. 

2. Identification of endogenous miRNA precursors for synthetic gene circuit constructs. 
miR1157 and miR1162 backbones have been selected as carriers of amiRNAs for gene 
circuits. They have been previously characterized and successfully engineered to target 
new sequences. We have reduced the complexity of the endogenous miRNA precursor 
miR1157 and expressed it from a non-coding region of a construct. We have tested that 
this modified miRNA precursor is still able to efficiently repress a target sequence. 

3. Assessment of reporter genes. In order to measure output of our circuits we have 
evaluated the functionality of a number of fluorescent reporters. We have indentified useful 
reporters for Chlamydomonas, while we are working on the optimization of others. 

Evidence of the quality of the researchEvidence of the quality of the research  
No outputs have been published yet.  

Other evidence of impactOther evidence of impact  
None 
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Workpackage E: Digital ToolsWorkpackage E: Digital Tools  

Relationship to other projects/themesRelationship to other projects/themes  
Digital Tools provides underpinning technologies for modelling, DNA assembly and 
distribution of part data. This supports Work Packages A, B, D and others producing 
vectors, tools and parts.  

TimingTiming  
Started September 2014 (Month 1) 

InvestigatorsInvestigators 
James Locke (3 days) 
Jim Haseloff (5 days) 
Jim Ajioka (4 days) 
Nicola Patron (0.5 days) 
Giles Oldroyd (0.5 days) 

Staff EmployedStaff Employed  
None 

PartnersPartners  
Nathan Hillson, JBEI 

AimsAims  
Software tools play an increasingly important role in Synthetic Biology experiments, as we 
automate experiments, and the systems we construct increase in scale. In order to 
accurately predict the behaviour of biological systems, which are governed by multiscale 
parallel and feedback regulated genetic, physical and chemical interactions - we need 
computational models. This workpackage aims to provide software to automate DNA 
assembly and the quantification of gene expression in plant in addition to providing models 
for gene expression and cell growth. 

Progress to dateProgress to date  
Agreement on a standard genetic syntax for plant DNA parts (Patron et al., 2015) provided 
a coordinated approach to Milestones A1, B1 and E1 and a basis with which to progress 
automated DNA assembly and the establishment of a central database/registry for plant 
parts. This underpins Work Packages A, B, D and E. 

E1: Software for a DNA assembly pipeline has been implemented as part of the Device 
Editor function accessible from the JBEI-ICE software 
(https://j5.jbei.org/j5manual/pages/23.html). Further options are available, including NEB 
Golden Gate (https://goldengate.neb.com/editor), with commercially available solutions in 
Geneious (http://www.geneious.com). 

E4: Progress has also been made in the improvement of the documentation and graphical 
user interface for CellModeller and this is documented publicly via a new website and 
support forum, the github repository and youtube channel. 

Evidence of the quality of the researchEvidence of the quality of the research  
No outputs have yet been published. 

Other evidence of impactOther evidence of impact  
None. 
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Workpackage F: Modules for engineering photosynthesis in leaf metabolismWorkpackage F: Modules for engineering photosynthesis in leaf metabolism  

Relationship to other projects/themesRelationship to other projects/themes  
Workpackage F aims to employ standardised DNA parts for the assembly of a collection of 
tools useful for engineering photosynthesis in plants. The will be strong interactions with 
the standards being established in workpackages B and D, along with application of the 
parts in workpackages A, G, H and J. 

TimingTiming  
Starting October 2015 (Month 14) 

InvestigatorsInvestigators 
Julian Hibberd (6 days) 
Alex Webb (5 days) 
Jim Haseloff (4 days) 
Alison Smith (JIC; 1 day) 

Staff EmployedStaff Employed  
Ivan Reyna-Llorens (PDRA; Hibberd lab). Starts October 2015 

PartnersPartners 
Jim Ajioka 
Nicola Patron 

AimsAims  
Plant leaves are biofactories that can accumulate valuable products in a number of 
discrete compartments both within and between cells. Furthermore, they also fine tune 
synthetic pathways in response to environmental signals. While significant progress has 
been made in defining cell specific gene expression in roots, this has not been achieved in 
leaves. This is a bottleneck in engineering this easily harvested organ, and there is no 
central repository of genetic modules to facilitate this. We aim to provide a library of 
elements that can be used to drive expression of both nuclear and plastid encoded genes 
in specific compartments of specific cells of leaves, and in addition to control that 
expression over the day-night cycle. These modules will be registered and made available 
in the OpenPlant repository. 

Progress to dateProgress to date  
The start of work in this workpackage is scheduled for October 2015, as the groundwork 
for the establishment of the common syntax for plant DNA parts is consolidated. An 
excellent PDRA, with a high degree of relevant experience, has been appointed to the 
position. The first part of the work in the Hibberd laboratory will focus on the identification 
of leaf-specific promoter motifs and development of artificial protein scaffolds for metabolic 
engineering. 

Related to this work, Christian Boehm in the Haseloff lab has established plastid 
transformation in Marchantia, and developed refactored cyan fluorescent protein markers 
for plastid expression. The use of fluorescent protein markers in Marchantia chloroplasts 
has been highly problematic for a number of years. There have been no reports of their 
successful use for chloroplast transformation. Christian has successfully engineered the 
cyan fluorescent protein gene for use in chloroplast transformation experiments in 
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Marchantia. He is now working on binary systems for spatio-temporal control of gene 
expression in plastids.  

This workpackage will combine efforts on nuclear and plastid genome based efforts to 
engineer photosynthesis, and will link with work on plastid genome engineering in 
workpackage D. 

Evidence of the quality of the researchEvidence of the quality of the research  
Manuscript describing the refactored chloroplast gene marker has been prepared. 

Other evidence of impactOther evidence of impact  
None. 
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Workpackage G: Carbohydrate EngineeringWorkpackage G: Carbohydrate Engineering  

Relationship to other projects/themesRelationship to other projects/themes  
This workpackage will use DNA assembly technologies and genome editing technologies 
developed in workpackages B and D. Nicola Patron is co-supervising the potato project 
described below. 

TimingTiming  
Started January 2015 (Month 5) 

InvestigatorsInvestigators  

Paul Dupree (0.5 days) 
Rob Field (8 days) 
Alison Smith (JIC; 7 days) 
Nicola Patron (1 day) 

Staff EmployedStaff Employed  
Aytug Tuncel (PDRA; Smith lab at JIC). Started January 2015. 

PartnersPartners  
Alison Smith obtained additional financial support from the Norwich Research Park 
Innovation fund. These funds have been used to establish a transformation method for 
potatoes in the BRACT transformation group at John Innes Centre in order to progress a 
CRISPR/Cas9-mediated carbohydrate engineering project. 

Research into Emiliania and Prymnesium is supported by a £3.4M Innovate UK grant on 
'Glycoenzymes for bio industries' - awarded jointly to University of Manchester, Newcastle 
University, Institute of Food Research (Norwich) and the John Innes Centre, in 
collaboration with industrial partners Ludger, Biocatalysts and Prozomix. 

AimsAims  
Plants provide unrivalled opportunities for provision of sugars and polysaccharides for 
biorefining, biofuels, animal feed, food and other industrial uses. The main goal of this 
workpackage is to improve the quality and increase the yield of target polymers, and to 
alter their structure for higher value applications. The targets will be plant cell wall 
polymers that important to these applications: xylan, mannan, and novel digestible 
glucans. 

The objectives will be achieved by building a registry of polysaccharide synthesis pathway 
genes and transcription factors that can be co-ordinately expressed using tested 
promoters from this and other workpackages. 

Progress to dateProgress to date  
Milestones G1-3 are scheduled to start in year 3. 

G4: A complete informatics analysis has been conducted on two transcriptome data-sets 
generated by the Field lab for the photosynthetic protozoan Euglena gracilis, cultured 
under autotrophic and heterotrophic conditions (O’Neill et al. , 2015). This identifies an 
unexpectedly large repertoire of carbohydrate-active enzymes, including many involved in 
storage beta-glucan metabolism and a range of what appear to be hemi-cellulose- 
synthesising enzymes, although Euglena is not known to produce such glycans.  
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Further analyses of algae, such as Emiliania and Prymnesium, is ongoing together with an 
Innovate UK funded project, to assess their repertoire of polysaccharide and natural 
product glycosylation capabilities to feed into synthetic biology and industrial 
biotechnology studies. 

G5-6: PDRA Aytug Tuncel (Smith lab) is applying and testing the genome editing tools and 
technologies developed in the Patron lab (Workpackage D) to generate novel, 
commercially or nutritionally valuable glucans in model plant and crop species. The 
primary objective is the creation of potatoes that contain digestion-resistant starches with 
two major nutritional benefits: reduced calorie intake from consumption of chips, crisps 
and other potato-based snack foods and increased supply of complex carbohydrates to 
the microbiota of the lower gut that reduces risk of several diseases including colorectal 
cancer and type II diabetes. To date constructs encoding RNA-guided Cas9 to target 
starch branching enzymes in the potato genome have been assembled and delivered to 
potatoes by the BRACT group and putatively edited plantlets are currently being recovered 
for screening for altered genotype at the genetic targets of interest. 

Evidence of the quality of the researchEvidence of the quality of the research  
O’Neill et al. , 2015. The transcriptome of Euglena gracilis reveals unexpected metabolic 
capabilities for carbohydrate and natural product biochemistry. Mol. BioSyst. DOI: 
10.1039/C5MB00319A. 

Other evidence of impactOther evidence of impact  
The above-mentioned analysis of the Euglena transcriptome has been released in the 
CAZy database ( http://www.cazy.org/), with primary data in the process of being deposited 
through EBI. 
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Workpackage H: Tools for Engineering Plant Natural ProductsWorkpackage H: Tools for Engineering Plant Natural Products  

Relationship to other projects/themesRelationship to other projects/themes  
The HyperTrans plant expression system (Workpackage J) is being heavily used by both 
the Martin and Osbourn labs. This platform supports the testing and investigation of 
metabolic pathways and the creation of new compounds. In turn, these projects inform and 
enable further optimisation of this powerful tool. 

TimingTiming  
Started September 2014 (Month 1) 

InvestigatorsInvestigators    
Cathie Martin (8 days) 
Anne Osbourn (6 days) 
Paul O’Maille (8 days) 
Sarah O’Connor (4 days) 

Staff EmployedStaff Employed  
Yang Zhang (PDRA; Martin lab at JIC). Started January 2015 
Don Nguyen (PDRA; O’Maille lab at JIC). Started February 2015 
Hans-Wilhelm Nützmann (PDRA; Osbourn lab at JIC). Started September 2014 
Michael Stephenson (PDRA; Osbourn lab at JIC). Started February 2015 

PartnersPartners  
Alain Goossens, VIB, Ghent 

Norfolk Plant Sciences has a patent granted in the USA on use of AtMYB12 to modulate 
metabolism. 

An OpenPlant Fund grant has established new collaborations between the Osbourn and 
Haseloff labs for producing triterpenes in Marchantia. 

AimsAims  
Plants produce a rich and diverse array of natural products. These compounds have 
important ecological functions, providing protection against pests, diseases, ultraviolet-B 
damage and other environmental stresses. They are also exploited as pharmaceutical 
drugs, agrochemicals, within the food and drink industry, and for a wide variety of other 
industrial biotechnology applications. Although plants are potentially a tremendous source 
of diverse and valuable natural products, identifying the pathways for the synthesis of 
these compounds is more complicated than in microbes because the genomes are larger 
and more complex. 
However, advances in sequencing technology coupled with the recent discovery that the 
genes for natural products pathways are in many cases organised in operon-like clusters 
within plant genomes; now makes it possible to access the genes and enzymes of 
specialised metabolism in plants far more readily. We aim to harness and exploit metabolic 
diversity using synthetic biology approaches. 
 
Progress to dateProgress to date  
H1: Using the HyperTrans plant expression platform, the Osbourn lab has generated 
suites of structural variants of triterpenes in sufficient quantity for structural analysis by 
NMR and for assays for various applications (including surfactant properties, with industry; 
also anti-inflammatory/anti-cancer properties).  
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The O’Connor lab at JIC has recently produced the plant-derived alkaloid strictosidine in 
yeast (Brown et al. 2015). 

H2: The O’Maille lab has identified a set of cytochrome P450s that oxidize sesquiterpenes 
in the Asteraceae  plant family. Homology models of the P450s were generated and 
analysed. Using these structural models, we have designed libraries of mutant enzymes to 
encode natural sequence diversity. This sets the stage for the next phase of work – library 
construction and functional screening to identify novel p450 activities. The aim is to 
customize enzymes in terpenoid metabolism towards desired ends based on 
structure–function analyses of their natural variants/homologues.  

H3: The Martin lab has developed vectors for transient induction of gene expression in 
tomato fruit. These are based on the HyperTrans vectors, but have been modified to 
improve fruit expression using the E8 promoter as well as vectors for expression driven by 
the 35S promoter. A reliable protocol for inoculation of fruit for optimised gene expression 
has been established. All vectors are Golden Braid compatible. 
RNA-seq data for S. lycopersicum x S. pennellii tomato introgression lines has been 
screened for trans-eQTLs affecting expression of genes encoding enzymes of 
monoterpenoid biosynthesis. Candidate transcription factors are being identified from 
those intervals showing strong eQTLs. A new set of introgression lines (S. lycopersicum x 
S. lycopersicoides) have been grown and fruit gathered for new RNA-seq analysis for 
characterisation of additional eQTLs. Similar strategies could be employed to identify 
trans-eQTLs controlling glycoalkaloid biosynthesis in tomato. 
 
PDRA Hans Nützmann (Osbourn lab) has used yeast one hybrid analysis to identify 
several transcription factors that bind to promoters of genes within a root-expressed 
triterpene metabolic gene cluster (the thalianol cluster) which we have characterised from 
Arabidopsis thaliana . These transcription factors are now being evaluated for their 
transactivation capacities using a tobacco protoplast transient expression system (with 
Alain Goossens, VIB, Ghent).  Knock-out and overexpression lines of A. thaliana will be 
used to investigate the roles of candidate transcription factors on cluster expression. The 
histone 2 variant H2A.Z has also been shown to be required for expression of metabolic 
gene clusters in A. thaliana (Nützmann and Osbourn, 2015) and we are now carrying out a 
wider investigation of the role of chromatin modifications in cluster regulation. 
 
H4: PDRA Yang Zhang (Martin lab) has focussed more heavily on characterising the 
targets of AtMYB12 and SlMYB12 in tomato since these genes seem to offer a more 
effective means of enhancing phenylpropanoid metabolism than constructing synthetic 
metabolons. We have achieved levels of resveratrol in tomatoes of 6 mg g -1  DW and levels 
of genistin of 80 mg g -1  using this strategy. Characterisation of the effects of AtMYB12 on 
carbon flux in tomato suggests that use of AtMYB12 could enhance natural product 
accumulation from a range of hydrophobic and aromatic amino acids. 
  
H5: The Osbourn lab has previously shown that the promoters for a specialized metabolite 
gene cluster from oat (the avenacin cluster) retain their characteristic expression patterns 
(in the epidermal cells of root meristems) when introduced into diverse plant species as 
promoter-reporter constructs (Kemen et al. (2014) PNAS, 111:8679).  Building on this, we 
have generated a synthetic gene cluster in which we are using promoters from the 
avenacin pathway to drive the expression of a three-gene pathway for a plant defence 
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compound (dhurrin) from sorghum in Arabidopsis thaliana roots.  The three sorghum 
cDNAs have been synthesised, assembled into expression vectors using Golden Gate, 
and shown to make dhurrin when expressed transiently in Nicotiana benthamiana under 
the control of the 35S promoter (using the pEAQ vectors developed by the Lomonossoff 
lab at JIC) prior to assembly into synthetic gene cluster constructs for Arabidopsis thaliana 
transformation . Transformed A. thaliana lines have now been generated and will be 
evaluated for dhurrin production. This proof of concept experiment using a simple 
three-gene pathway will be the first step towards engineering synthetic clusters for the 
synthesis of other types of compound and for expression of other multi-gene traits (e.g. 
nitrogen fixation genes).   
    
Evidence of the quality of the researchEvidence of the quality of the research  
Nützmann H. W., Osbourn A. (2015) Regulation of metabolic gene clusters in Arabidopsis 
thaliana. New Phytologist. doi: 10.1111/nph.13189. 

Brown et al., 2015. De novo production of the plant-derived alkaloid strictosidine in yeast. 
Proc Natl Acad Sci U S A. doi: 10.1073/pnas.1423555112. 

Tohge et al. , 2015. Ectopic expression of snapdragon transcription factors facilitates the 
identification of genes encoding enzymes of anthocyanin decoration in tomato. Plant J. 
doi: 10.1111/tpj.12920. 

Other evidence of impactOther evidence of impact  
None 
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Workpackage I: N2 FixationWorkpackage I: N2 Fixation  

Relationship to other projects/themesRelationship to other projects/themes  
Workpackage I feeds into Workpackage A, assisting in the establishment of Marchantia as 
a simple plant chassis for synthetic biology through the development and testing of 
methods and tools, and Workpackage B by producing parts that can be included in the 
parts collection. Workpackage I tests and uses genome editing tools produced in 
Workpackage D. 

TimingTiming  
Started September 2014 (Month 1) 

InvestigatorsInvestigators  
Giles Oldroyd (5 days) 
Jim Haseloff (3 days) 
Sebastian Schornack (1 day) 
Nicola Patron (0.5 days) 

Staff EmployedStaff Employed  
Pierre-Marc Delaux (PDRA; Oldroyd lab). Started September 2014 

PartnersPartners  
Gates-funded ENSA project (Engineering Nitrogen Symbiosis for Africa) 

An OpenPlant Fund grant has funded a new collaborative project between the Oldroyd lab 
and Dr. Fernan Federici (Cambridge) to develop novel selection markers for root 
transformation assays to advance live-imaging. 

AimsAims  
We have initiated an engineering strategy to transfer the recognition of rhizobial bacteria 
from legumes to cereals, as the first step towards engineering N-fixing cereal crops. This 
is a strategically important challenge and this Gates and BBSRC-funded programme 
represents one of the most ambitious engineering strategies in plant signalling. Marchantia 
provides a fantastic platform for testing synthetic biology approaches in engineering 
symbiosis signalling that is directly linked to a strategic programme in cereals. 

Progress to dateProgress to date  
I1: After screening five Marchantia spp. and close relatives for their ability to form 
arbuscular mycorrhizal symbiosis, we choose to focus our efforts on a Marchantia 
paleacea (M. paleacea)  isolate.  A protocol has been optimized to obtain Marchantia 
paleacea colonized in controlled environment. Experiments to move these assays from 
pots to in vitro are ongoing. A rapid transformation protocol has been also developed. This 
protocol uses cut thalli as the transformation target. Briefly, a 6 weeks old culture of M. 
paleacea is blended and pre-cultured in liquid medium for three to five days. This culture is 
then mixed with pre-cultured Agrobacterium tumefaciens containing the vector of interest. 
After three days of co-culture, the co-culture is plated on plates containing hygromycin as 
a selection marker. After six to eight weeks on selection media transformed gemmae are 
produced by the primary transgenics and can be used for further analyses. To develop a 
suite of tools for engineering in M. paleacea several promoters are being tested using 
promoter:GUS fusions. 
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I2: In order to achieve this specific milestone, the first step was to determine the 
functionality of symbiotic transcription factors (TFs) in M. paleacea. A phylogenetic 
analysis revealed the presence of the three main TFs (IPD3, NSP1 and NSP2) in M. 
paleacea. The corresponding coding sequences were synthesized and cloned under the 
control of a 35S promoter using the Golden Gate system to allow constitutive expression 
in Medicago  roots. Similar constructs with the orthologs from Medicago (Mt) were also 
generated. The experiments with M. paleacea  IPD3  ( MpaIPD3 ) are in progress. 
Expression of MpaNSP1  in a Medicago  nsp1  mutant rescued its symbiotic defect. By 
contrast, MpaNSP2 did not complement the Medicago nsp2 mutant. MpaNSP1 seems 
fully functional in a nodulation context whereas MpaNSP2 is not. To confirm this result, 
trans-activation of a Medicago promoter known to be targeted by these TFs, pENOD11 , 
has been conducted in Nicotiana benthamiana . Expression of MtNSP1  and MtNSP2 
strongly activated this promoter whereas expression of MpaNSP1  and MpaNSP2  resulted 
in a weak signal. Combining MtNSP2  with MpaNSP1  yielded the same result than the 
combination of Medicago genes. By contrast, MpaNSP2  with MtNSP1  was only weakly 
active. These assays in heterologous system confirm that MpaNSP2  is not functional in a 
nodulation context. Future engineering efforts in Marchantia will be thus focussed on 
NSP2. 
 
I3: In parallel to the assays in heterologous systems, promoter:GUS fusion of Medicago 
promoters known to be targeted by the symbiotic TFs (pENOD11, pNIN ) have been 
transformed in Marchantia paleacea . The transformed thalli are now regenerating. 
Activation of these promoters will be tested in Marchantia paleacea in response to 
symbiotic signals and to Glomeromycota fungi. We anticipate that pENOD11  will not be 
activated because of MpaNSP2. A set of constructs, containing modified version of 
MpaNSP2 or MtNSP2 have been designed and will be tested in M. paleacea transformed 
with pENOD11:GUS. This will be the first step toward engineering nodulation signalling in 
M. paleacea. With the availability of a high-throughput transformation system, other 
constructs (combination of TFs, auto-active kinase, auto-active TFs, promoter:reporter) 
are now going to be tested.  
 
Evidence of the quality of the researchEvidence of the quality of the research   
Delaux, Radhakrishnan, and Oldroyd. 2015. Tracing the evolutionary path to 
nitrogen-fixing crops. Curr. Op. Plant Biol. DOI:10.1016/j.pbi.2015.06.003 

Other evidence of impactOther evidence of impact 
None  
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Workpackage J: Virus-based systems for bioproductionWorkpackage J: Virus-based systems for bioproduction  

Relationship to other projects/themesRelationship to other projects/themes   
Workpackage J provides a plant expression technology for use by others within the 
OpenPlant consortium and throughout the world. The technology is already well integrated 
and being successfully used in Workpackage H. Work to extend the range of hosts for 
protein expression is carried out through interaction with Workpackage A. 

TimingTiming    
Started November 2014 (Month 3) 

InvestigatorsInvestigators  
George Lomonossoff (8 days) 
Sarah O’Connor (1 day) 
Anne Osbourn (0.5 days) 

Staff EmployedStaff Employed  
Eva Thuenemann (PDRA; Lomonossoff lab). Started November 2014 

PartnersPartners  
George Lomonossoff and Eva Thuenemann are involved in scientific committees advising 
plans for development of a translational facility LeafSystems TM Ltd (formerly known as 
MolFarma) that is co-funded by the BBSRC, JIC, Norwich Research Partners and Plant 
Bioscience Ltd.  

AimsAims 
The CPMV-HT technology, and its associated pEAQ vectors (Sainsbury & Lomonossoff, 
2008; Sainsbury et al., 2009), developed by George Lomonossoff (JIC) has established a 
unique position for the UK for rapid transient expression of proteins in plants through 
Agrobacterium-mediated infiltration of Nicotiana benthamiana leaves. The CPMV-HT is a 
highly flexible system and will be developed for a range of applications in the field of plant 
synthetic biology. 

Progress to dateProgress to date  
Workpackage J was originally scheduled to start in year two. However, as projects from 
several workpackages are heavily using the technology, recruitment of a PDRA and 
therefore the start date for the workpackage was brought forward. 

The HyperTrans technology developed by the Lomonossoff lab at JIC has proved to be 
extremely powerful for transient expression of structural proteins in plants and has been 
used for production of antibodies and antigens, vaccines, empty virus-like particles for 
nanotechnology applications and human gastric lipase enzyme for use in a model gut 
system.  

J1: New vectors have now been made to enable fine tuning of protein levels 
(Meshcheriakova et al., 2015). The system is currently being adapted to conform to the 
common plant syntax (Patron et al., 2015). 

J2: Work is underway to investigate and broaden the range of hosts amenable to protein 
expression using HyperTrans. Some of this work is being done in collaboration with Jim 
Haseloff’s group at the University of Cambridge, interacting with Workpackage A.  
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The HyperTrans plant expression system has proved to be highly amenable for expression 
of plant natural product biosynthetic pathways. The Osbourn lab has generated suites of 
structural variants of triterpenes using this platform in sufficient quantity for structural 
analysis by NMR and for assays for various applications (including surfactant properties, 
with industry; also anti-inflammatory/anti-cancer properties). 

Staff involved in this workpackage are advising on the design of a translational facility 
(LeafSystemsTM Ltd) for scaling up production using the HyperTrans system, which is due 
for completion in Q4 2016.  

Evidence of the quality of the researchEvidence of the quality of the research    
Meshcheriakova et al. , 2015. Fine-tuning levels of heterologous gene expression in plants 
by orthogonal variation of the untranslated regions of a nonreplicating transient expression 
system. Plant Biotechnology Journal. DOI: 10.1111/pbi.12175.  

Sainsbury and Lomonossoff, 2014. Transient expressions of synthetic biology in plants. 
Current Opinion in Plant Biology . DOI: 10.1016/j.pbi.2014.02.003. This is a review showing 
the utility of the CPMV-HT system in synthetic biology.  

Peyret et al., 2015. Tandem fusion of hepatitis B core antigen allows assembly of virus-like 
particles in bacteria and plants with enhanced capacity to accommodate foreign proteins. 
PLoS ONE. DOI: 10.1371/journal.pone.0120751. This is a demonstration of how 
CPMV-HT can be used for expression of supramolecular complexes.  

Other evidence of impactOther evidence of impact  
The HyperTrans technology is being used under licence by the Canadian company 
Medicago for production of specific vaccines. Medicago have built scale-up facilities in the 
US and Canada and have demonstrated proof of concept for commercial production. A 
smaller facility will be available in Norwich in 2016. This is not intended to be a commercial 
production platform but will enable us to step up our capacity to make known and novel 
molecules for translational research.  

A case-study about the use of plants as biofactories was produced. This is for use as an 
A-level teachers’ resource (Pearsons expected publication date: Nov 2015; ISBN 
9781447977452; ISBN 9781447977414).  

Since the start of OpenPlant (Jul 2014), over 30 pEAQ vector kits containing the 
HyperTrans technology have been sent out to laboratories worldwide under MTAs. 
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Workpackage K: OpenPlant Fund for interdisciplinary exchangeWorkpackage K: OpenPlant Fund for interdisciplinary exchange  

Relationship to other projects/themesRelationship to other projects/themes  
The OpenPlant Fund provides support for projects relevant to all work packages and 
fosters interdisciplinary exchange within and between the teams working on the different 
packages at each OpenPlant institution. The open hardware development and training 
component also especially supports OpenPlant pathways to international exchange. 

TimingTiming    
Started September 2014 (Month 1) 

InvestigatorsInvestigators   
Jim Haseloff (4 days) 
Anne Osbourn (1 day) 

Staff EmployedStaff Employed   
Colette Matthewman (Project Manager). Started October 2014. 
Jenny Molloy (Project Coordinator). Started February 2015. 

PartnersPartners  
Ionscope Ltd (CEO has contributed in-kind technical assistance and training for 
investment pitches to OpenPlant Fund applicants) 

AimsAims   
The OpenPlant Fund was established to support seed projects on a competitive basis 
through the annual distribution of up to twenty £5000 grants following a lightweight 
application process and public pitching event. The aim of the fund is to promote the 
development of plant Synthetic Biology as an interdisciplinary field and to facilitate 
exchange between The University of Cambridge, the John Innes Centre and The 
Sainsbury Laboratory for the development of open technologies and responsible 
innovation in the context of Synthetic Biology. 

Also within in this work package we aim to promote open source hardware for science 
through supporting technical development and also the necessary training required to 
deliver and implement such hardware in synthetic biology laboratories.  

Progress to dateProgress to date  
The milestones and deliverables for this work package are annual and to date progress 
has been on schedule. 

K1: OpenPlant Fund 2015 attracted sixteen proposals, all of which were successful (see 
Appendix A). The topics ranged from DNA part development to open lab hardware, 
schools outreach, international capacity building, IP policy, software and more. All teams 
are multidisciplinary and span Cambridge and Norwich. The teams were supported prior to 
making their applications by mixer events with lightning talks, pitch training and networking 
opportunities combined with substantial effort on the part of the management team in 
making connections and linking collaborators. Several new collaborations arose directly as 
a result. 
The application process involved an online proposal submission followed by a five minute 
pitch to a panel of judges and peers prior to the OpenPlant Forum. The next stage is to 
produce a showcase and store front for the successful projects that will encourage further 
collaboration. 
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K2: OpenLabTools in the University of Cambridge Engineering Department has been 
sponsored to offer open biohardware related summer projects to engineers and these 
placements are currently underway. Further training and development is taking place via 
the iGEM teams in both Cambridge and Norwich. Both are facilitated by 
OpenPlant-supported labs and OpenPlant has provided £10k in sponsorship to the 
Cambridge-JIC team to enter the biohardware track. 
 
Outside of the specific deliverables for this work package, a Cambridge-Norwich team of 
graduate students and postdocs are organising an open labware competition for 2016 that 
will provide 3D printers to winning labs, thus increasing capacity for rapid prototyping and 
distributed manufacture of open hardware within OpenPlant. Discussions are underway 
with several individuals and organisations regarding synthetic biology training and links 
with countries in the global South, where it is felt that open hardware and tool development 
could provide a key point of collaboration and a pathway to international exchange. 

Evidence of the quality of the researchEvidence of the quality of the research   
As the first round of the OpenPlant Fund was completed in July 2015 and the iGEM and 
OpenLabTools projects are also currently ongoing, there are no documented outputs yet. 

Other evidence of impactOther evidence of impact  
The first round of the OpenPlant Fund attracted proposals from across different 
departments at the University of Cambridge, John Innes Centre and The Sainsbury 
Laboratory, with involvement from external companies, institutes and charities. This 
provides evidence of how the fund can foster a growing reach for OpenPlant and the 
technologies developed as part of the programme. New links and collaborations have 
been formed through the application process and the projects funded. 
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Workpackage L: OpenPlant Forum: responsible innovationWorkpackage L: OpenPlant Forum: responsible innovation  

Relationship to other projects/themesRelationship to other projects/themes  
This workpackage spans all other workpackages in OpenPlant. The annual Forum 
meeting encourages attendance from all OpenPlant participants and all workpackages 
should be represented.  

SAW workshops are coordinated by Dr Jenni Rant and opportunities exist for all 
workpackages to interact.  

TimingTiming    
Started September 2014 (Month 1) 

InvestigatorsInvestigators  
David Baulcombe (1 day) 
Dale Sanders (0.5 days) 
Jim Haseloff (4 days) 
Anne Osbourn (2 days) 

Staff EmployedStaff Employed   
Colette Matthewman (Project Manager, Norwich) 
Jenny Molloy (Project Coordinator, Cambridge) 

PartnersPartners  
Jenni Rant - The SAW Trust 
Linda Kahl – BioBricks Foundation 

AimsAims  
This workpackage involves activities of the annual OpenPlant Forum, the annual working 
group and workshops and other public engagement activities with the SAW Trust. 

The OpenPlant Forum will provide a platform for exploring the potential applications of 
reprogrammed biological systems, and a framework for exploring the wider implications of 
the potentially disruptive new technologies. Each year, in association with the Forum, a 
working group will be established for in depth investigation of a topic relevant to the Forum 
theme. 

The SAW Trust provides training in project design to scientists working in collaboration 
with professional artists and writers who come together as teams to deliver projects 
themed on the scientists’ research topics. 

Progress to dateProgress to date  
Milestones for Workpackage L are annual. Three of the milestones have been completed 
for the first year, with the organisation of the OpenPlant Forum (L1.1), recruitment of the 
first working group (L1.2) and the completion of several workshops with the SAW Trust 
(L2). The annual published report (L1.3) is work in progress and involves input from the 
working group. 

L1: Two key deliverables for addressing responsible innovation are the arrangement of an 
annual themed Forum and appointment of a working group around this theme. The 2015 
inaugural Forum focussed on access, openness and enabling technologies and attracted a 
strongly interdisciplinary, intersectorial group of ~90 participants. Sessions addressed 
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themes such as frameworks for open innovation, open DNA parts and assembly, 
foundational systems, plant based bioproduction and open technologies. 

Twenty four experts were recruited to the first year’s working group on the topic of IP 
solutions for OpenPlant and the wider SynBio community. A meeting of the IP Working 
Group took place on 30 July 2015. The purpose of the meeting was to bring together 
academic researchers, technical experts, and legal practitioners to explore the challenges 
and solutions for creating and sustaining an international platform of open technologies for 
plant synthetic biology. The aim of this working group is the creation of standard legal tools 
as well as recommendations for policies and practices that will enable the adoption of 
open platforms for biotechnologies at the institutional level. A report on the meeting has 
been drafted and is currently open for comments from the working group, after which it will 
be made available online. Linda Kahl from the BioBricks Foundation is using the feedback 
from the IP working group to shape the OpenMTA that she is drafting for use by 
OpenPlant. 

L2: Three OpenPlant-SAW workshops have been run in this first year of OpenPlant: 

1. SAW at Ludham primary school (16.03.15). A full day workshop with 32 kids (age 8-11 
year-old), covering DNA, mendelian genetics, synthetic biology and Marchantia as a 
model plant 

2. Cambridge Botanic Gardens Festival of Plants (16.05.15). Nature’s biofactories and 
Marchantia activities. Several OpenPlant PDRAs were involved, and engaged with the 
general public at this event which attracts thousands of people each year. 

3. SAW at the HVCfP Synthetic Biology Workshop (13.07.15). An evening workshop run 
as part of SynBio workshop. Feedback on the event was overwhelmingly positive. 

OpenPlant joined efforts with ERASynBio to organise the summer school for early career 
researchers “An Introduction to Synthetic Biology in Plant Systems” in Norwich 
(14-20.09.15). A meeting report of this event has been accepted for publication in the next 
edition of New Phytologist (Carmichael et al., 2015). 

A synthetic biology day was arranged as part of this year’s Year 10 Science Camp in 
Norwich (30.06.15), involving activities on understanding and creating gene circuits, 
engineering nitrogen symbiosis in plants and a debate addressing responsible research 
and innovation. 

Evidence of the quality of the researchEvidence of the quality of the research    
Carmichael et al. , 2015. An introduction to synthetic biology in plant systems: 
ERASynBio/OpenPlant summer school for early career researchers, September 2014. 
New Phytol . DOI: 10.1111/nph.13433. 
 
Other evidence of impactOther evidence of impact    
Write-ups of OpenPlant Forum on GARNet blog and JIC News site: 
http://blog.garnetcommunity.org.uk/introducing-openplant/  
https://www.jic.ac.uk/news/2015/08/openplant-forum-2015/  

The poetry and artwork resulting from OpenPlant-SAW workshops provide extremely 
powerful evidence of how workshop participants engage with and perceive the science 
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presented. We are currently creating a forum to share these outputs on the OpenPlant 
website. 
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Workpackage M: Governance and ManagementWorkpackage M: Governance and Management  

Relationship to other projects/themesRelationship to other projects/themes  
This work package is related to all themes in the centre as it involves coordination 
between all projects and groups and also outreach activities. 

TimingTiming    
Started September 2014 (Month 1) 

InvestigatorsInvestigators  
David Baulcombe (3 days) 
Dale Sanders (3 days) 
Jim Haseloff (34 days) 
Anne Osbourn (5 days) 

Staff EmployedStaff Employed  
Colette Matthewman (Project Manager, Norwich) 
Jenny Molloy (Project Coordinator, Cambridge) 

PartnersPartners 
N/A 

AimsAims  
This workpackage will be responsible for the overall management and coordination of the 
project. This will involve key participants and coordinators from within the projects and 
external advisors. The Coordination and Management groups will play the major role in 
monitoring progress, and contingency planning. This workpackage will be responsible for 
running project management meetings, and ensuring coordination of activities between the 
Cambridge and Norwich sites. It will also be responsible for coordinating the OpenPlant 
Forum and associated pump-priming and outreach activities. 

Progress to dateProgress to date  
M1-2: Coordination of activities between the Cambridge and Norwich sites has worked 
effectively with weekly meetings between the Norwich-based Project Manager and 
Cambridge-based Coordinator to review progress and day to day needs.  Monthly 
coordination group meetings and quarterly management group meetings took place and 
were minuted with no major issues arising or contingencies required. 

M3: The first Advisory Board Meeting took place on 29 July 2015 and raised the following 
comments and action points (see SAB summary in Appendix): 

● Progress is positive, a dynamic gantt chart and a single slide summarising the 
project strategy would be valuable.  

● The OpenPlant brand is very strong and has great potential to leverage 
opportunities with a diverse range of organisations, but investment in 
communications is important, including outreach and impact case studies. These 
are already underway as a priority. The SAW Trust work has great potential as an 
engagement mechanism for the project. 

● OpenPlant values and mission should be articulated in order to achieve the aim of 
influencing working practises in the field, which it is in a strong position to do. 

M4-6: The OpenPlant Forum took place at the University of Cambridge 28-29 July with just 
under 90 attendees. These represented the majority of the consortium and many external 
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participants from other projects, institutions, organisations and companies. Intellectual 
property and enabling technology was chosen as the theme. Invited speakers included 
Jane Calvert (University of Edinburgh) on forms of openness, Linda Kahl (BioBricks 
Foundation) on open material transfer agreements, David Rejeski (Wilson Centre) on 
regulation and synthetic biology, Chas Bountra (University of Oxford) on open science 
translating to innovation from the perspective of drug discovery and more. From a 
coordination perspective, there were no major issues with delivery of the event and it 
came in under budget due to the provision of a free venue by the Department of Plant 
Sciences. The 2016 Forum will be held in Norwich. 

Presentations at the Forum covered activities in each workpackage and the relevant 
details on progress collated for this report will be posted online (in progress). This meeting 
followed the OpenPlant kick-off in September 2014 and a postdoc/PhD student workshop 
in March 2015 presenting work in progress and future plans, therefore the management 
group have had multiple opportunities to monitor progress across work packages and no 
major problems with progress have arisen. 

The OpenPlant Fund first round was managed by the coordination group and awarded 16 
projects a total of £4000 with £1000 to follow the final report (see Workpackage K and 
Appendix A). No management issues arose and the call and judging mechanism were 
deemed appropriate following a coordination group debrief. Substantial coordination time 
was invested in making connections between potential applicants, holding networking and 
events and a training event to prepare for the competition pitches. All 16 projects that 
applied were awarded funding but application numbers are expected to rise and further 
coordination time will be invested in similar activities in future rounds to ensure high quality 
applications are received. 

M7: Public engagement and outreach through SAW Trust activities is being coordinated by 
Jenni Rant and Colette Matthewman. Several activities were organised in this first year. 
Further details on 2015 activities are provided in the Workpackage L progress report. 

M8: Reporting on the first OpenPlant supported OpenLabTools projects, supporting 
engineering students to produce open source scientific instrumentation to support 
synthetic biology, is due in November 2015. 

Evidence of the quality of the researchEvidence of the quality of the research  
We expect further outputs to begin emerging from this work package on completion of the 
first round of the OpenPlant Fund, with sixteen projects due to report in January 2016. 

Other evidence of impactOther evidence of impact  
As above, we expect further outputs to begin emerging from this work package on 
completion of the first round of the OpenPlant Fund. 
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Appendix A: OpenPlant Fund 2015 Projects AwardedAppendix A: OpenPlant Fund 2015 Projects Awarded  
  
Channeling targeted DNA double strand breaks into alternative repairChanneling targeted DNA double strand breaks into alternative repair  
pathways.pathways.  
Ian Henderson 
  
Engineering Marchantia polymorpha chloroplasts for the production ofEngineering Marchantia polymorpha chloroplasts for the production of  
high-value specialized terpeneshigh-value specialized terpenes  
Aymeric Leveau (JIC), Tessa Moses (JIC), Christian R. Boehm (CU) 
  
Open Pi-Image: A low cost-open source plant growth imaging and analysisOpen Pi-Image: A low cost-open source plant growth imaging and analysis  
platformplatform  
Dan MacLean (TSL), Alex Webb (CU) 
  
Open Labware for plant electrophysiologyOpen Labware for plant electrophysiology  
Carlos A. Lugo (TSL/JIC), Marco Aita (CU), Christian R. Boehm (CU), Guru Vighnesh 
Radhakrishnan (JIC), Richard Morris (JIC), Marielle Vigouroux (JIC) 
  
Documentation Tool for Open Plant TechnologiesDocumentation Tool for Open Plant Technologies  
Tobias Wenzel (CU), Johan Henriksson (EMBL-EBI), Carlos Lugo (TSL/JIC), Luka Mustafa 
(Shuttleworth Foundation Fellow, IRNAS) 
  
The Big Algal open ExperimentThe Big Algal open Experiment  
Paolo Bombelli (CU), Brenda Parker (UCL), James Lawrence (UCL), Marc Jones (JIC) 
  
Quick analytical system for plastid genome modificationsQuick analytical system for plastid genome modifications  
Mario Juhas (CU) 
  
Wireless, portable, low cost, open source hardware for monitoring plantWireless, portable, low cost, open source hardware for monitoring plant  
electrophysiologyelectrophysiology  
Pakpoom Subsoontorn (CU), Sakonwan Kuhaudomlarp (JIC), Kyle Lopin (Naresuan 
University, Thailand), Settha Tangkawanit (Naresuan University, Thailand) 
  
Whiskeroscope: rodent whisker inspired sensor for use in analysis of plantWhiskeroscope: rodent whisker inspired sensor for use in analysis of plant  
tissue structure.tissue structure.  
Jan Lyczakowski (CU), Abhimanyu Singh (External), Christie Nel (External) 
  
Developing novel selection markers for plant transformation to advanceDeveloping novel selection markers for plant transformation to advance  
live-imaging techniqueslive-imaging techniques  
Katharina Schiessl (JIC), Fernan Federici (CU and PCU University-Chile), Leonie 
Luginbuehl (JIC), Guru Rhadakrishnan (JIC) 
  
Strengthening synthetic biology capacity in Kenya through bioinformaticsStrengthening synthetic biology capacity in Kenya through bioinformatics  
trainingtraining  
Richard Smith-Unna (CU), Vicky Schneider (TGAC), Jelena Aleksic (TReND), Richard 
Pilling (Intel) 
  
Setting up an open synthetic biology lab in Abuja, NigeriaSetting up an open synthetic biology lab in Abuja, Nigeria  
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Richard Smith-Unna (CU), Chinyere Okoro (Sanger Institute), Ibukun Akinrinade 
(University of Bingham, Nigeria), Jelena Aleksic (TReND), Vicky Schneider (TGAC) 
  
The use of synthetic biology tools to define the roles of LysM receptor-likeThe use of synthetic biology tools to define the roles of LysM receptor-like  
kinases in legumes and cerealskinases in legumes and cereals  
Feng Feng (JIC), Ronelle Roth (CU) 
  
Facilitating synthetic biology literature mining and searching for the plantFacilitating synthetic biology literature mining and searching for the plant  
communitycommunity  
Robert Davey (TGAC), Ksenia Krasileva (TGAC/TSL), Nicola Patron (TSL), Richard 
Smith-Unna (CU), Peter Murray-Rust (CU) 
  
Responsible innovation and open innovation with large bioresources: goals,Responsible innovation and open innovation with large bioresources: goals,  
challenges and proposalschallenges and proposals  
Kathy Liddell (CU), Rob Doubleday (CU), Nicola Patron (TSL), John Bradley (NIHR 
Biomedical Research Centre) 
  
Development of new codon optimization tools and development of a syntheticDevelopment of new codon optimization tools and development of a synthetic  
gene expression system in the green alga gene expression system in the green alga Chlamydomonas reinhardtiiChlamydomonas reinhardtii  
Francisco J. Navarro (CU), Marielle Vigouroux (JIC) 
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