Rapidprogress
Phenotyping
in the field
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A recently fledged
business is about to
take its new
phenotyping
technique to
market.
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ustralia hasn’t always had
the best track record in
commercialising the ideas
coming out of its
universities. There are plenty of
barriers and hurdles in the way of
success. Happily, there are some
instances where academia,
government and entrepreneurship
have come together to great effect.
The team at Rapid Phenotyping
(www.rapidphenotyping.com) first
came together while studying for their
respective PhDs at the University of
Newcastle. After forming their
company just a year ago, they are now
poised to launch their product to
market.
The starting point for Rapid
Phenotyping’s journey was Dr Antony
Martin’s and William Palmer’s
academic study of high-yield sorghum
grass varieties for both first- and
second-generation biofuel production.
Total sugar yields are important for
first-generation biofuel production,
while the biomass component and the
‘digestibility’ of that biomass is also
considered for high-yielding secondgeneration biofuel crops. Breeding for
these traits required high-throughput
measures of the chemistry of both the
sugar component in the juice and the
cell wall components of the biomass.
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The existing phenotyping
techniques were laboratory-based wet
chemical assays. These techniques
were laborious and time consuming,
involving considerable sample
preparation, and results would take
days or weeks to obtain. Put simply,
they were unsuitable for highthroughput analyses, for mobile
devices or for real-time decisionmaking literally in the field(s).
Martin and Palmer’s work came
together with that of neuroscientist Dr
Jamie Flynn. Coming from their
various studies, the team have brought
together a novel product for the
agricultural industry – with visions for
much wider application.
‘We started working with
technologies like near-IR and FTIR
spectroscopy’, says Martin, ‘and
applying some fairly common
techniques to build predictive models
of certain components of plants. We
developed some novel components
and built some novel models, but we
saw restrictions on getting this
technology out to consumers and
farmers who might want to apply this
technology in a much more usable
way.’
‘We started on a journey that
involved firstly improving the
technology, including building new
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The work started from a breeding
program for new, high-sugar sorghum
varieties optimised for biofuel production.
devices. We’re pushing the boundaries
of the techniques in the device. We’ve
done a lot of innovative optical work,
incorporating a number of
spectroscopic techniques into one
device, then improving the designs of
the devices to manufacture them much
more cheaply, making them smaller
and portable for people in the field to
take these sort of measurements.
We’ve done a lot of work on the
hardware, and that’s where we’re filing
patents at the moment.
We’re expanding the capabilities of
technologies like near-IR to be able to
measure pretty much any solid or
liquid material, and measure
components that are present in much
smaller quantities.’
The other aspect of the technology
is the software. The team started out
using standard regression-based
modelling techniques like PLS (partial
least squares). That works quite well,
but they were struggling to detect
certain molecules using near-IR and
PLS. So the team ventured into the
world of AI, using PLS alongside more
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sophisticated mathematical modelling
techniques and intelligent data
transformations. Applying new machine
learning techniques to a combination of
processes, Rapid Phenotyping’s system
automates the process of building and
optimising very accurate predictive
models. ‘We’re seeing something like a
50% improvement in error rates,’ says
Martin.
‘We’ve packaged it together in an
easy-to-use platform for people who
want to use this without the need for
specialists in the area.’
The work started from a breeding
program for new, high-sugar sorghum
varieties optimised for biofuel
production. Sorghum is a type of grass,
often grown for cattle feed. With a
variety that looked more like sugar
cane – tall, with a thick stem – the
breeding was generating thousands of
samples, and a new analytical
technique was required to make the
characterisation of the sugar
components practicable.
The particular advantage of field
analysis for phenotyping is timing. For

example, in the application of fertiliser,
there is a lot of benefit to being able to
know the nitrogen and phosphorus
requirements in real time. Most
particularly, there are real advantages
to being able to analyse the grain at
harvest time.
Knowing when the sugars, proteins
or oils have peaked will allow the
optimisation of quality and yields,
which isn’t possible if the farmer is
waiting one or two weeks for analytical
data. So while a winemaker might use
a Brix meter to analyse sugars in the
grapes at harvest time, Rapid
Phenotyping claims that its device can
yield simultaneous data about the acid
content, another key variable in the
grape, and most other components
that would be tested in a wet
laboratory.
Rapid Phenotyping is focusing on
agricultural products in the near term.
Progressing through an ‘early adopter’
trial program, it is building towards the
launch of its product in early 2018.
Asked about the challenges of
getting this far, Martin said ‘We’ve all
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come from a research science
background. We’re not trained in
commercialisation or business, but as
we’re working with customers and
developing the business model and
manufacturing processes, we’ve really
had to call on others with varying
expertise.’
‘One of our early successes, right at
the beginning, was to approach the
business community in the Hunter
region. We found a bunch of

experienced advisers who’ve built
businesses in the region. We have set
up a support network who have been
able to guide us through the
processes – that has been absolutely
invaluable to the project. Then more
recently, we’ve brought on board new
team members who have that
experience in business and
commercialisation.’
So what’s Martin’s advice to other
PhD students? ‘Give it a shot. Don’t be

scared. But seek advice from people
who know how to do this stuff. When
you go out and ask people for help,
they’re generally more than willing to
offer their time when you value their
expertise.’
Importantly, government support
has proved similarly useful to Rapid
Phenotyping’s early progress. Some
early cash from the NSW Tech Voucher
program allowed the company to build
its first prototype. The company has

Dual-purpose biofuel crops could extend production,
increase profits

Haibo Huang, an assistant professor at the Virginia Polytechnic
Institute and State University, squeezes bio-oil out of PETROSS
sugarcane to process into biodiesel. Haley Ahlers/PETROSS

Today, many biofuel reﬁneries operate for only seven months
each year, turning freshly harvested crops into ethanol and
biodiesel. When supplies run out, bioreﬁneries shut down for
the other ﬁve months. However, according to recent research,
dual-purpose biofuel crops could produce both ethanol and
biodiesel for nine months of the year –increasing proﬁts by as
much as 30%.
‘Currently, sugarcane and sweet sorghum produce sugar that
may be converted to ethanol,’ said co-lead author Stephen
Long, Gutgsell Endowed Professor of Plant Biology and Crop
Sciences at the Carl R. Woese Institute for Genomic Biology at
the University of Illinois. ‘Our goal is to alter the plants’
metabolism so that it converts this sugar in the stem to oil –
raising the levels in current cultivars from 0.05% oil, not
enough to convert to biodiesel, to the theoretical maximum of
20% oil. With 20% oil, the plant’s sugar stores used for ethanol
production would be replaced with more valuable and energy
dense oil used to produce biodiesel or jet fuel.’

A paper published in Industrial Biotechnology simulated the
proﬁtability of Plants Engineered to Replace Oil in Sugarcane
and Sweet Sorghum (PETROSS) with 0%, 5%, 10% and 20% oil.
They found that growing sorghum in addition to sugarcane
could keep bioreﬁneries running for an additional two months,
increasing production and revenue by 20-30%.
Today, PETROSS sugarcane produces 13% oil by dry weight,
8% of which is the kind of oil used to make biodiesel. At 20%
oil, sugarcane would produce 13 times more oil – and six times
more proﬁt – per acre than soybeans.
A bioreﬁnery plant processing PETROSS sugarcane with 20%
oil would have a 24% international rate of return – a metric
used to measure the proﬁtability of potential investments –
which increases to 29% when PETROSS sorghum with 20% oil is
processed for an additional two months during the sugarcane
off-season.
‘When a sugarcane plant has to shut down, the company is
still paying for capital utilisation; they have spent millions of
dollars on equipment that isn’t used for ﬁve months,’ said colead author Vijay Singh, Director of the Integrated
Bioprocessing Research Laboratory at Illinois. ‘We propose
bringing in another crop, sweet sorghum, to put that equipment
to use and decrease capital utilisation costs.’
By decreasing capital utilisation costs, the cost to produce
ethanol and biodiesel drops by several cents per litre. Processing
lipid-sorghum during the lipid-cane off-season increased annual
biofuel production by 20 to 30%, thereby increasing total
revenue without any additional investment in equipment.
The simulations in this paper accounted for the equipment
required to retroﬁt ethanol plants to produce biodiesel. In the
US, about 90% of ethanol plants are already retroﬁtted to
produce biodiesel. According to Singh, in places like Brazil
where they produce a large amount of sugarcane, it makes sense
to retroﬁt ethanol plants. ‘Our study shows that it is cost
effective to do it.’
Carl R. Woese Institute for Genomic Biology, University of Illinois at UrbanaChampaign

The Rapid Phenotyping team
(L–R): Jamie Flynn, William
Palmer, Antony Martin, Peter
Tyler and Jacob Lorber. They
are eagerly anticipating the
imminent launch of their
innovative device.

‘We’re expanding
the capabilities of
technologies like
near-IR to be able
to measure pretty
much any solid or
liquid material, and
measure
components that
are present in
much smaller
quantities.’
also received $360 000 through the
Accelerating Commercialisation
program. ‘This has been hugely
beneficial,’ says Martin, ‘You’re
assigned a business adviser with that –
someone to ask all the questions that
we lacked experience in.’
More than just monetary help,
AusIndustry, Jobs 4 NSW and the NSW
Department of State and Regional
Development have all been extremely
supportive. ‘Just by approaching the
government’, says Martin, ‘we’ve been
inserted into networks that have been
invaluable in getting us this far.’
‘I met with Antony, Wil and Jamie
over 18 months ago to talk about a
project they were developing at the
University of Newcastle and was
impressed with their technology and
ideas, which had the potential to make
a significant impact on global food
production’, says Nicolas Van der
Voort, of the Hunter Office of Regional
Development. ‘As a business
development manager for NSW Trade
and Investment (now Premier and
Cabinet) I connected the guys with a
number of NSW state and federal
agencies, including the NSW Tech
Voucher program for engineering
design of tumblers, leveraging support
for commercialisation (AusIndustry),
and export/trade commission support
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(NSW TradeStart), plus local business
contacts with potential synergies.’
With good ideas and great support,
Rapid Phenotyping has been fortunate
in the early success of the company.
This has been supported by good
attention to cash flow. Founding the
company in March 2016, the
entrepreneurs initially supported
themselves by seeking funding for the
design and implementation of an
associated 3D microscope project for
the Hunter Medical Research Institute,
and in their spare time brought in
consulting revenues to build

spectroscopic models for early clients.
That work proved the concept, paving
the way for the new product.
‘We’re doing something different in
Australia by trying to build new
hardware. There are a whole lot of
challenges that go along with that, but
we’re overcoming them. We’re very
excited about our new product.’
Dave Sammut FRACI CChem is principal of DCS
Technical, a boutique scientiﬁc consultancy,
providing services to the Australian and international
minerals, waste recycling and general scientiﬁc
industries.
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