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C10X1603-CR-6 IN CONFIDENCE

Progress Reporting
Annual Update

2021-22 Annual Update

As this is the final report, this annual update will cover a brief history of the¢ basm for this contract and the
science that led up to the start. We will describe the significance of each‘of\the flya key impact areas and
then how this research progressed. Finally, the outputs of the research an(f the‘x s’gmflcance will be
discussed, including seven peer reviewed scientific publications apd® ‘the [hajor findings as well as areas
yet to be published. Importantly this contract has had strong stakeholder stpport and we summarize the
significance of this to the contract and to the stakeholders ))

L < A\ N T

A Brief Science History EEEHAN _'. 2 A
The genesis for this outstanding science ongmiﬂw came from research to increase the energy density of aY \
forages in the early 2000s. The team weré devalhﬁmg a fatty acid expression and protection system in tbe L\
model species Arabidopsis (W|n|chayai(u! ét‘q? -2013). They successfully doubled leaf fat levels a{nda \—/
serendipitous discovery opened the. door to awide range of applications in crops. \\VAO 5
During analysis of the transgenlta Arabldopsm the team observed that the plants grew SO%fa%ter than
control plants. The team rdehtltled that these plants had elevated photosynthesis., Tfhe;\N%S subsequently
demonstrated in forage pereruua’i ryegrass. More recently (from research in this. c(;\u'atrac;;)1 the team
discovered that the ‘mai \'mechanism for enhanced photosynthesis is a reduc{;toh hothe” negatwe feedback
based on the cafbohvdr‘;'te status of the plant (Beechy-Gradwell et al., 2020), Ove{‘;he last two decades,
there has ,ﬁeeh leformous investment internationally toward |mprovmg th:s cohplex process in plants.
Before this“disadvery, while incremental improvements were aChIE\VEd ofher research efforts were limited
bs,« thIS. neg\atiye feedback mechanism plants use to regulate photoSvnt ésis.

N "The dtst'overy of enhanced photosynthesis led to the recognltlah\thzit th|s novel technology had

*appllcatlons in multiple crops. Over the last 14 years; the team developed new partnerships, progressed
, the science in other crops, and contributed to buifding® novel commercialization models. Within a few

" years, this important technology is expecte({w benef:z farmers and consumers in several countries

(soybean in 2026).

During presentations to DairyNZ, PGG Whghtsons Seeds, Agriseeds and Grasslanz Technology in 2015 a
strategy to prepare a joint MB(E Indu‘stry funded research programme was developed to progress the
development of HME rye aSS\tQ a stage where it became a commercialization programme. There were
important fundamental est:ohs on the plant response to nitrogen, its water use, the mechanism for
enhanced photosynthesls\aﬂd the challenges of breeding in PC2 containment to be answered. The need
for HME ryegrasg field trlals and animal nutrition trials to establish the value proposition for New Zealand
was recognizéd, ns. Newr Zealand had not adopted genetically modified crops the social license and farmer
engagement was\\other important activity.

Imtla‘hmp o\‘ the Research Programme for Contract C10X1603

WO
The :’esearch is divided into five key areas: Carbon Dioxide Recycling, Nitrogen Utilisation; Nitrogen and
Water Use Efficiency; Breeding in Containment; Increasing Farmer Awareness and understanding of HME
Forages. The industry co-funding supported some of the five key areas and in addition helped support the
USA based field trials. The plan was to progress to an animal nutrition trial in dairy cows but in 2021/2022
the strategy for this changed due to a new understanding that the USA climate was not suitable and the
emerging opportunity of the Australian market.

Carbon Dioxide Recycling

High metabolizable energy (HME) ryegrass plants have increased levels of lipids stored in the green
tissues in micro-organelles (Winichayakul et al., 2013; Roberts et al., 2010, 2011; Beechy-Gradwell et al.,
2020). These organelles are stable within the leaf and remain during the ensiling process (Winichayakul et
al., 2020). The early Arabidopsis research published in 2013 (Winichayakul et a/., 2013) speculated that
CO, recycling led to the enhanced photosynthesis. However, as it has turned out from research in this
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contract, there is another very novel and important mechanism and this has been one of the most
important discoveries from this research.

The allocation of different sources of carbon (sugars and fat) in different tissues is altered, leading to
reduced negative feedback of photosynthesis (Beechy-Gradwell et al., 2020; Cooney et al., 2020). This
enables the overall plant energy to be increased due to greater fixation of atmdspheric CO,. Increased

plant growth rates are also observed, although the rate of increase is affect_;éd -chmpetition for lightin
densely packed sward conditions. DN

International research on photosynthesis over the last 30 years has f\c'quus's_ed on step-by-step incremental
improvements of this complex 156 step set of interacting bigthemicalpathways. Progress was made in
various steps but there were two overarching negative feedback-mechanisms based on the carbohydrate
status of the plant and the plants carbon: nitrogen balafce. These'negative feedbacks often limited the
progress made. The discovery by the AgResearch-téam'fromrresearch in this contract identified that one of -
the negative feedback mechanisms (based on fghénpla'nt carbohydrate status) was overcome, this has beeri_~
a major step forward. While there are conditions "w,he_ié HME ryegrass can have significantly greater [/~
growth rates, under competition for Iightrg "d-n@ents this diminishes, and the plant allocates the-extra\
photosynthate into greater energy density: Mie same is seen in soybean with the same technology where
occasionally the plants have greateryields) but in general the enhanced photosynthesis leads to increased
energy density stored in the-Seed thrc\s:lgh increased oil and protein composition. 2 v

p /
Nitrogen Utilisation_ * : .\

photosynthesis ‘thaft. it supplies the reductant needed to drive the cycle. It was important to understand
the plant fesponse to different forms of nitrogen. It had been obse,wed"tlhat- heplant responds differently
to ree@cec{ nitrogen compared to controls. For forages, this links in‘tt__) the farm nitrogen cycle which
iﬁélu’deg added and recycled nitrogen. e

The plant nitrp@l‘sta’g,us is'linked to photosynthesis. The nitrogen cycle is'éin._imp_c)rta-nf pathway linked to
;

) Reséatch in this area is split into grasses and legumes ‘with "grgs;ses including ryegrass and rice (as a

~model species), and legumes including alfalfa and row 'Qﬁ)}an. The overall goal of this research has

> been to understand the nitrogen requirement.¢b different species and their responses to different nitrogen
forms, nitrate, ammonia and urea. We ma.d_e(iig'ﬁ'i» icant’progress in ryegrass, and this was published in
2018 (Beechy-Gradwell et al., 2018). The Rey. findings were that HME ryegrass utilised all three forms of
nitrogen, but the greatest growth respanges were to reduced forms of nitrogen (ammonia and urea).
Research on soybean has focussed rj]f\ggen levels within field grown plants and we have demonstrated
that plants have some increased Ieafn}ﬂfrogen but not throughout the early reproductive stages and this
appears to be then transfej_rﬂea\iht,o'the seed which may account for the increased seed protein in some
fines. It appears the l_egum'ezsjmbi'osis is sufficient to obtain competitive yields and addition of nitrogen
(anhydrous ammeniurn) only benefits if soil N levels are low.

Nitrogen _qﬁd‘Wq’tér-L@e' Efficiency

The @o “this research area was to determine if HME trait expression in transgenic plants alters plant

nitrogenmetabolism. This goal is different from the research in described above on nitrate utilization as it

is m r"’ethcompassing and focuses on overall plant nitrogen metabolism. We are also examining water
se-éfficiency and other stress responses such as light and temperature.

We performed controlled environment experiments on HME ryegrass event ODR4501 and looked at its
ability to utilize nitrate, ammonium, and urea. HME ryegrass shoot dry weight increased across the entire
nitrogen supply range regardless of nitrogen form, whereas the non-GM control ryegrass shoot dry weight
did not significantly increase beyond 7.5 mM nitrogen supply. At 10 mM nitrogen supply, HME ryegrass
shoot dry weight was 27-34% greater and root dry weight was 25-45% greater than in the non-GM control
ryegrass. Total plant percent nitrogen and the shoot to root ratio was lower for plants supplied with nitrate
than with ammonium or urea but did not differ between the non-GM control and HME ryegrass. This
suggested that HME ryegrass has a similar nitrogen utilisation efficiency and biomass partitioning.

Of particular interest is the legume species alfalfa and soybean. As these species can form symbioses

with the nitrogen fixing bacterium Rhizobium, they are provided with a source of nitrogen in the form of
ammonium. Research on soybean has focussed on nitrogen levels within field grown plants and some of
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this is ongoing and being conducted by our partner ZeaKal. This links to the observation mentioned
previously that plants have some increased leaf nitrogen throughout the early reproductive stages and this
appears to be then transferred into the seed which may account for the increased seed protein in some
lines. It suggests that alfalfa and white clover are similarly likely to benefit.

The overall nitrogen utilisation of HME ryegrass is relevant to on farm models.currently being used to help
establish the value in farming systems. As the program moves into the comméteialisation phase from
2022 and beyond, we are repeating our farm and financial models info <: €l frer_h the US based field trial
data and recent work on methane mitigation experiments from in vitro hane'assays.

Breeding in Containment and the Ryegrass Endophyte

The novel breeding approach based in containment fac’ﬁ'es the-team has developed in collaboration with
their seed company partners has enabled seed to be- deveToped for 5 years of overseas field trials and has
set the programme up for much larger scale plant[ng for qpuﬁual nutrition trials. The breeding occurs in
crossing cages in PC2 containment and takes'9-1Q months per cycle. Once sufficient homozygous famijied
have been developed and charactensed |t |s posmhle to scale up to an open flowering and polllnatlon '
system.

Two methods of plant transformation'wgre used with gene gun plants produced prior to xhe<s\t~art of this
contract and Agrobacterium plants\produced during the contract. We found the Gen; Gurplantsyhad
multiple loci of integration.of\the transgene gene cassette and these became probl t \ uring the
breeding phase as/they segregated, and we ended up with partial HME phenotypes\Th Agrobacterlum
system produced a favoqra ble frequency of single copy, single locus mtegratrgns and we were able to
recreate manv \-iME ryégrass plants that performed much better in the breediﬁ phase To ensure we has
intact Sko copy-integrations of the T-DNA we performed whole gengme sequence analysis (an
innovati th \became an option in 2018/2019). This enabled us to. map he’integrations to the genome
assemble and identify genic and intragenic insertions. Not all:events wege easy to map as the genome is
notxomplete and therefore, we adopted a long-read sequentmg abproach which is still to be fully

& ted for some events. :

The ryegrass endophyte that lives intercellularly w1th|n the pla nt leaves and stem provides protection from
various insect predators of ryegrass. As the 'transgentc HME ryegrass material was developed out of the
plant transformation process it was endophyte free (to prevent contamination in tissue culture). The AR1
and AR37 endophytes were introduced, in the breeding process and an important question was how this
symbiotic fungus would survive in a\HMExyegrass plant. This has been answered in containment and
field-based experiments and ave havefound no difference in transmission from seed generation to seed
generation, no difference-in fungal biomass and a minor reduction of some of the protective alkaloids,
although the levels still re?@m wsthm the seasonal variation range. This will be submitted for publication

in 2022.
The proposed an@?btrmon trials require one ha of HME ryegrass and one ha of a null control line. This
needs 1016 20 kg.of Seed for each treatment to be produced in PC2+ containment. Additionally, the three

to fourCycles of breeding need to be performed in elite industry ryegrass germplasm. We developed a
___um_Qu_e system in the new PC2+ containment glasshouses at the Palmerston North Campus. Using a rapid
[ homozygous breeding protocol that minimises in breeding depression while minimising the generations
required, we have developed the first batch of seed and by February 2023 we will have produced the 10-15
kg of seed for use in a trial in Australia. This enables both in and off season seed production. Analysis of
seed quality indicated it passes the phytosanitary requirements for shipping to Australia. Protocols were
co-developed with an industry advisory group and containment measures supervised by the Ministry of
Primary Industries. This is the first time this volume of seed has been produced in containment from a

genetically modified wind pollenated grass species and highlights the unique facility and capability that
has been developed.

Increasing Farmer Awareness and Understanding of HME Forages

In collaboration with NZIER, AgResearch conducted a survey on farmer decision making and the key
decision timeframes for a GM HME ryegrass. Key findings were:

® Some farmers are interested in the potential benefits of HME ryegrass. They may adopt it within a
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year or two of its commercial release. However, they want to know more about how it might
perform.

e They are likely to want information early, through many channels. The best time to provide
information will be after the field trials and before product release. Some farmers want information
even earlier. Given the number of information sources that farmers use, and the time frames for
decision making, the information should be available in many formats tlyt»)ugh many channels.

* The use of genetic modification (GM) technology creates additional complexity. Some farmers will
not adopt HME ryegrass because it is GM. Other farmers wouldr_a_dcg}\r-IME/r?egrass but recognise
that GM technology is an issue with consumers and in their supply-€hajns:

e HME ryegrass would likely be a minority of total pasture. Aﬁaﬁg potential adopters, HME ryegrass
would likely be one of several cultivars used. —_

)

More Recently a Survey of potential Gatekeepers and,Ne\_iv;Ze_\aTand Agrifood Exports (Kaye-Blake et al.,
2022) was conducted to understand: i N

® Whether there is significant gatekeepihé‘- béhav’iéuf in New Zealand export supply chains
® Where in the supply chains gateke{pi\ -accurs?
® Whether GM technology might be expected to trigger gatekeeping behaviour.

Interviews and an online survey-were'conducted with respondents involved in export supply'chains\for
meat and milk products f o/'-lNe'w'Zealand. The focus was on perceptions of gatekeeping heh: Viour and
the impact of private s vrﬁ:l;gds-. o’_n’the ability to sell GM food to overseas consumers—Gatekeeping and
private standards a'r’e’mae\t'/l@d' by which companies can exert influence on glohal quel}}ia'ihs. The growth
in private standards;ln.pe}r@ Ular has been advanced as a limitation on pro.dd?ers. ‘and_théir ability to

innovate. Although.results did suggest that there is gatekeeping in theino?t\ppiv chains, they provide
Y

u
little su p/o)rt ft;:?l't‘he«tdea that either gatekeeping or private standards 'gni_fli_c'an. ly impede New Zealand’s
ability to\market'GM food to overseas consumers. Instead, government regulation and non-GM demand by
so]’-ﬂe_"cpr%u’_me"rs were more important factors. It is planned _.to_~publi'5_,h\§his research in the journal New
\._gzgte?@logy. \ N R
_"New Zealand Based Nutrition Trial .
" There is potential to perform a sheep nutrition trial to-assess the methane mitigation effects of HME
ryegrass from ensiled HME and Control lings grewn in PC2 containment. We focussed on methane
reductions as published nutritional st %i;e"s--taf‘-r__un"ninants suggest a 5% reduction in methane emissions for
every 1% increase in dietary fat. We‘-} \t

u
i \'g'ha\}e experimental resolution to measure a 10% reduction in
methane emissions. .

Previous research on the'..,s‘tla'bi-iit_y__of’the fatty acids stored in the leaf micro-organelles (MSc Thesis
Beechy-Gradwell, 2015),and-mefe recently in the publication by Winichayakul et al., (2020) looking at in
vitro methane assays QS\mg-ensiled ryegrass, suggested ensiling was a viable storage method.

We developed, a,k ovel system to grow and ensile ryegrass in batches and store the material for up to 18
months u%l we have approximately 1000 kg of dry matter needed for a trial. AgResearch is funding the
project that will be conducted over the next 18-24 months. This system enables us to generate enough dry
rﬁa\tt\' fob both HME and control ryegrass to conduct the trial in sheep at the AgResearch Palmerston
ém;tlf ampus. This means the first animal nutrition study of this technology will be complete by the end
of-2024.

USA Field Trials

AgResearch was able to partner with the University of Missouri in a five-year collaborative program to
conduct field trial-based assessment of HME ryegrass in regulated field trials. The robust but well-
established regulatory system in the USA enabled analysis of genetically modified ryegrass with two
restrictions, no seed planted in the field and no plant reproduction. The first two years involved assessing
the environmental conditions and developing protocols for transplantation of glasshouse germinated
seedlings, comparing space plants vs. sward growth conditions and prevention of reproduction. We
initially assessed gene gun derived HME ryegrass which turned out to have problematic multi-loci
integrations of the HME gene cassette that segregated during the breeding. Therefore in 2019-2021 we
used the superior Agrobacterium derived HME ryegrass. The recent publication from the team (Beechy-
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Gradwell et al., 2022) shows the primary benefits for HME ryegrass (elevated leaf fats and gross energy)
reliably translate from the laboratory to the field, as demonstrated across two field seasons and under
realistic sward-like growing conditions.

Across the 2019 and 2020 field seasons, HME ryegrass displayed a 25-34% increase in FA delivering up to

0.5 MJ kg2 DW higher gross energy and no penalty to biomass production. Ilgsglir\ccessfully converted to
ME, this energy gain is 250% greater than the total ME gain achieved overtheVast 4 decades by

traditional genetic selection. Consequently, these increases are predi;—téd-'tn tkli €r 30kg MS cow”
1 season™ (based on FARMAX modelling) and 10% less methanefo%'hﬁaw Zealand farmer.

The translation of the secondary benefits for HME technoldgy, elevated photosynthesis, and growth from
the laboratory to the field were also examined in this papen The team showed that HME ryegrass could
deliver 18% greater carbon assimilation and up to 13% highengrowth, but only in spaced pots, when light
competition was low. When grown in dense swards, in\eithef the laboratory or the field, HME ryegrass
displayed no increase in photosynthesis or gfowth rate/ Consequently, this paper provides a /S~
comprehensive assessment of the relia _il(t\_b?éHME-t'echnology’s primary and secondary benefits, what!,
traits transliate to the field (increased fat \ay@ds and gross energy), and which do not (increased growth_ -
and photosynthesis). ' \VoO

The final 2021 HME ryegras’\s@?l’ trial in the USA analysed the performance of hom_ozy{&vilies and
the assessment of primary.and.sécondary traits. Building on the 2019 and 2020 tri)s tha| Rt@i‘“%d
hemizygous families-we wgr: affle to demonstrate that gross energy and plantfatty.acid composition
translated from Iab._"_t_o__f_ie]dxl this line we observed a yield penalty over th asb;j--however itis unclear
if it was a feat thof this’line or the propagation conditions. Our initial pla-ﬂ‘ b\eg.n to perform animal
nutrition-Stﬁdi;%n\?he USA, however the environmental risk of the hot s({mmeéled to a new strategy.

_Row.\'_t‘rph;.it_fié?»ce Innovation ~ VWV

In addition to the breakthroughs in forages, significa nt-'inﬁﬁatibn"m'soybea ns has led to major benefits.
Translating from a model species and grass into a-seed-protucing legume required new ways to control
gene expression. The timing of gene expression hds been critical, as the goal is to provide the plant with
sufficient photosynthate for efficient seed d \t_ela_'pr_'_nen't:' This has been achieved with increased seed oil
and protein composition and an overall insrease’in both co-products per acre over muitiple seasons and
sites across the USA. More recently,.the.Zeakal\team have shown that PhotoSeed™ plants can outperform
their controls in non-irrigated setting3\ About75% of U.S. soybeans are propagated in non-irrigated
conditions. A recent innovatiQt~ is the"u\)e'-df genes and regulatory elements derived solely from soybean

which will assist the derega\h process.

The ZeaKal team ha;“%ls,o-%m ed into hemp and developed hemp plants with increased leaf oil. This
potentially adds @ (new'application to this crop, one that has lacked the plant breeding developments of
other crops.due.tg proHljbition. The team has also branched into corn with the potential for greater oil
yields pet acre.

_Intei\i__a(_:tual Pro perty

A c_riii_ﬁal component for raising investment in biotech is a robust and investible patent portfolio. Since
2009, the team has developed a portfolio of thirteen patents around increasing plant oils, protection of
plant oils, enhancing photosynthesis, modifying plant architecture and reducing nitrous oxide emissions
from crops. These are granted in multiple (92) jurisdictions. Part of the strategy has been extending the
life of the patent portfolio by filing more recent methods patents and new applications. To date, this
portfolio has led to the raising of nearly $100M of government, industry, and venture capital investment.
There is potential that HME ryegrass may provide farmers with a tool for both methane and nitrous oxide
reductions and this could be utilised alongside other mitigation measures to make significant reductions
to Australasia’s greenhouse gas inventory. The new patent filing extends the protection period for this
technology well beyond the 2029 expiry date for the cysteine oleosin patent.

Social and Environmental Benefits

HME ryegrass represents a unique opportunity to improve both the productivity and environmental impact
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of pastoral farming. Exemplification of the stable translation in the USA field trials of HME was a major
step towards commercialising this technology and delivering these benefits to farmers both domestically
and abroad.

Improving the nutritional composition of forages through the accumulation of fatty acids in the grazed
portion of the plant provides significant potential productivity and environmental benefits. A forage with
increased metabolizable energy provides farmers the opportunity to maintaih ﬁ'ciductivity using less land
and potentially fewer animals. There also potential benefits of reduced methane.emissions, supported by
evidence from several animal nutritional studies and from in vitro méthange-assays. The goal is to achieve
a minimum of a 10% reduction in methane emissions. '

The improved nutritive quality is expected to reduce nitroge*@icretiori in ruminants leading to reduced
nitrate leaching and nitrous oxide emissions. Recently, {e\’/_i@ence from controlled environment experiments
suggests another significant reduction in nitrous oxi-dé-én_ﬁs_s.l‘e\s can be directly derived by the altered
plant metabolism and morphology. This can drive<up farm profitability and provide farmers with additional.
tools to manage environmental impacts fr_om&%ﬁ@l)érazing systems. Experiments in controlled :
environment chambers on HME ryegrass an p}m olmesocosms designed to measure nitrous oxide
emissions from plants treated with,b_oél‘n u,rm\etfgve indicated a novel mitigation potential. Two HNE. .
ryegrass events were tested in different in lk}ry cultivars. In one case a significant 50% re u_ctiori._in A
nitrous oxide emissions was ebservedgvef the course of the experiment in cultivar Impact an\‘d in the

er

<

second more modern ling e Was a clear trend for reduction. We anticipate that in m,bs_‘t}odqrn
cultivars the reductioniwbu %e, lower than the 50% seen in CV Impact. This would n‘eed--‘gia._ib_e verified in
field conditions and.-ma)'y'\ggp 'sﬂe part of the Australian science plan. % ) )

!

Future %@gafibn Options Beyond the Contract Completio \

We are hoW de\eloping a commercialisation and science plan to-p\rlOgr% in-Australia in 2023 and are
boutto sje.ek}egulatory approval from the Office of the Gene-Techholggy Regulator. The Australian

_ ma-fkét\?a' good opportunity as there is already GM crop prd‘dﬁetj\bﬁ akd there is a significant ryegrass
) a§ke’f or both the dairy, sheep and beef industries. Australia‘canbecome a market leader to inform New
‘Zexland on the benefits of HME ryegrass in pastordl-agiculture.

ence plan, identifying the ideal business model

rs and fund raising.

Current activities include developing the cosgi{dl.
from four possible options, bringing in new parifie
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High Metabolisable Energy (HME) Ryegrass is being developed as an option for farmers in New Zealand,
and temperate climates overseas. HME ryegrass has the potential to increase farm productivity while
reducing livestock's environmental impacts, for example nitrogen leaching and methane emissions. Many
of the environmental impacts occur because the proportion of protein in NZ's forage plants exceeds the
ability of livestock to utilise it. This means that there is an excess of nitrogen from plant proteins, which
is excreted in urine and subsequently lost from the farm through nitrate leaching. In addition, the
greenhouse gas methane is produced by methanogenic microbes in the rumen Qstomach) of livestock as
they digest the forage. SN2

To improve the nutritional balance and increase the overall amoun f ener y avallable to livestock on
each hectare of pasture the Team has produced genetically medifie (GM) plants that has specialised
microscopic oil micro-organelles in the leaves of ryegra/s ThIS xtra oil, while only being a small
proportion (213.3%) of the plant's dry matter, deliverscdp to a 10% increase in the amount of energy
available to an animal eating the plant. This meapns-that"an anlmal can eat less grass to obtain the energy
it needs, then along with that - lower intake % xeess protein/nitrogen in the urine.

This project was started almost 20 year 'nce then the amount of methane produced by NZ's\ \ -
livestock has come under national and i interQatioral scrutiny due to its impact on increasing global-_‘-\__'_‘- NS
warming. However, along with reducing m)o en losses, HME Ryegrass also has the potentja| to reduce >
methane production. StudleSzh‘aue shewn-that livestock diets with higher amounts of oils m@helr diets
produce lower amounts of,F pe By matching the level of oil in our plants agamst.the \ul\s from
those other studies, it@agpea at HME Ryegrass has the potential to reduce methan& amlsswns by
10117%. This may; not be ﬁ rlver bullet' but when combined with other produats !n\/evelopment it can
become part of. the bigge\sd ution to global warming and climate cha nge,

Serendnprtduslyke also found that under good growing conditions HME RVegréss has enhanced
photosyhthesus .and growth. All plants have exquisite control mechanisms that allow them to effectively
' Lon hght as needed, where one of these control mechamﬂé ish thé rate of carbohydrate/sugar
_ f‘Qt}hat oung on in the plant. By using the carbon-b el-m les) typically used to produce
) dfiydrates, to produce additional oils instead, it ap ears thahythe plant overcompensates, capturing
~.0ver 20% more carbon dioxide and converting it m(_\\) lant biomass and energy.

i

While it was possible to apply to under‘cake @at ith the GM HME Ryegrass in NZ, it was decided
that the programme would be able to gen a\ the |nformat|on it required within a shorter timeframe by
conducting trials in the mid-west of.the US; 020 we demonstrated that key characteristics of
heterozygotes (one copy of the HME\F;yeg transgenes) were similar when measured in PC2
containment growth chambers\and glasshouses or the field. In 2021 we demonstrated that homozygotes
(two copies of the HME ryegr\éﬁa‘nsg‘enes) and again shown that the even greater increase in oil in
homozygous plants (¢ mpe\; éterozygous plants) translated from lab to field for gross energy and
total fatty acid co,nte t

Results of the resWre published in seven Peer Reviewed Scientific Journal Articles between 2018 and
2022. O\

<the pr{%ﬂm i now focussing on commercialisation opportunities in Australia.

dre information contact BE2)@)

Key Achievements

e

Sequence Key achievements
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C10X1603-CR-6 IN CONFIDENCE

' Scaled-Up Breeding and Seed Production of GM grasses in PC2+ Containment
|

| ruminants consuming genetically modified High Metabolizable?e« gy (HME) ryegrass
requires one ha of HME ryegrass and one ha of a null contro&l.; e Ris requires 10 to 20 kg

| of seed for each treatment to be produced in PC2+ contaj %onally, the three to
| | four cycles of breeding need to be performed in elit us rass germplasm. We
[ developed a unique system in the new PC2+ containment glasshouses at the Palmerston
' North Campus. Using a rapid homozygous é‘e@g'_-p(otocol that minimises in breeding

‘ depression and the generations required) { re._'_t;-lbse to achieving 10-15 kg of seed needed _
| i for a trial in Australia. This enables_'b_cith I'i doff season seed production. Analysis of seed .
| quality indicated it passes the-phytosanitary requirements for shipping to Australia. .
i Protocols were co-develope% Wchér industry advisory group and containment meagares \ /)
supervised by the Minfstry bfl'Pr%ary Industries. This is the first time this volume of s& 1
has been produ 3n c;\nt'é.i" ment from a genetically modified wind pollergate@r_ass'. )

8

|

|

]

1

Conducting a meaningful nutrition study focussed on methane emissions from large '
1

|

' species andhij t3 the unique facility and capability that has been.develgpgd.. .'.
L K AN
(¢ ér_qu:fpﬂletion of USA HME Ryegrass Trials and Comme_rcig\i;a‘tiqri Strategy for Australia
+The final 2021 HME ryegrass field trial in the USA na ed'the performance of homozygous
| families and the assessment of primary a d@ ) traits. Building on the 2019 and 2020 {
| trials that utilised hemizygous famili_.ES—WQNe(r\e‘a' le to demonstrate that gross energy and }
plant fatty acid composition trans -afe fr rp lab to field. In this line we observed a yield |
| penalty over the season hgwéVé\ s unclear if it was a feature of this line or the |
| propagation conditions. Ou: ;i_?_ﬁ-ti'a,' an had been to perform animal nutrition studies in the
USA, however the env%%fal risk of the hot summers led to a new strategy.

—e e "-_-.- e e e e e e

l 2023 % &to seek regulatory approval from the Office of the Gene Technology

| {g@on \D Australian market is a good opportunity as there is already GM crop

_I P iggl_dn!and there is a significant ryegrass market for both the dairy and sheep & beef

. _ >\, rrn& ries. Australia can become a market leader to inform New Zealand on the benefits of _
L— 7 MHME ryegrass in pastoral agriculture. i

We are nov&i;veleping a commercialisation and science plan to progress in Australia in

Date generated: 05/09/2023 at 16:15 Page 11 of 57



C10X1603-CR-6 IN CONFIDENCE

Identification and Patenting of a Novel Approach to Reduce Agricultural Nitrous Oxide
Emissions

Experiments in controlled environment chambers on HME ryegrass,and control mesocosms
designed to measure nitrous oxide emissions from plants tr a\t\éd’\vﬁ’ch bovine urine have
indicated a novel mitigation potential. Two HME ryegrass@/,e“_t_'s\vvr tested in different
industry cultivars. In one case a significant 50% redu'ég in.__\‘né_t?bl’zs oxide emissions was
| observed over the course of the experiment a}d‘in\the é’;gna line there was a clear trend
 for reduction. This would need to be verified m_(i%_l-d-.c_pnditions and may comprise part of the
Australian science plan. We filed a proviéi_\bﬁé‘l i a'_‘té-ht' in 2022 on the use of this technology
for reducing nitrous oxide emissiorsqn '}fﬁ’@é,ystems. We have successfully obtained
funding for a PhD studentship tofurt&r elaborate the mechanisms for nitrous oxide (¢

reductions. There is potent\‘laﬁ\‘hﬁﬁ;HME ryegrass may provide farmers with a tool for, bpth"\_

!
~

methane and nitrous %ﬁu- ions and this could be utilised alongside other mitigativn> |

measures to make signi teant reductions to Australasia’s greenhouse gas ipventc ry. Thi
@eﬁnds the protection period for this technology we]l’be%%th'e 2029
/ [0 '\

cysteine oleosin patent. A\ )

new paten ?”I'
{ expiry.date for't

| T |
4 ~ /J i )
| LN B e s —— - - - N\ o’ -
N \ \
1

Dé\}elopment of Forage Ensiling System in PC2 Cofit x'n't‘l‘i_e-’n‘t\:-?a‘nd its Use in Animal Trials
N2 N7 | There is potential to perform a sheep nutritiog't %ﬁo assess the methane mitigation effects
' I of HME ryegrass from ensiled HME apd-Gont gf"l'r&' grown in PC2 containment. We

| focussed on methane reductions th‘d hutritional studies of ruminants suggest a 5%
' reduction in methane emission oreVErY 1% increase in dietary fat. We aim to have

experimental resolution to-megsure\a 10% reduction in methane emissions.

X
\

| We developed a_novel é\vs:t W to grow and ensile ryegrass in batches and store the material
| for up to 18_mor§h until we have the 1000 kg of dry matter needed for a trial. AgResearch
funded th f),__l%]:e_g ?thét" will be conducted over the next 18-24 months. This system enables
| us to gener: 'ée‘:endugh dry matter for both HME and control ryegrass to conduct the trial in
:sf{e%ayﬁ AgResearch Palmerston North Campus. This means the first animal nutrition
y\¢ .Ls}u%o this technology will be complete by the end of 2024.

NS

>
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C10X1603-CR-6 IN CONFIDENCE

New Knowledge on Plant DGAT1 Enzymes Patented, Published and In
i i Commercialisation

The enzyme diacylglycerol O-acyltransferase 1 (DGAT1) is ublq s in all eukaryotic
organisms and has been well studied in animals where ther Qmodel for its
i function, structure and topology as a membrane bound eﬂ2 ontract has supported
! research investigating the function of both monocoty| edono dicotyledonous plant
DGAT1s and the team made a breakthrough understanding the topology of plant DGATs and
| their function. This has added significantly to" t@understandmg of plant DGAT1s which has
prevnously been thought to have dlfferen% gy to animal DGAT1s. DGAT1 is a
fundamental component of the HME %ln ryegrass and it also has value in
increasing oil seed composme% am has recently filed a new provisional patent on a,
novel mechanism and uses of\plant DGAT1s and published this in Frontiers in Plant Sci nee:
| The IP developed in a ﬁamll\) of four patents is currently in commercialisation in the U&:%
| AgResearch’s bloﬁﬁhno gy-start-up partner ZeaKal Inc. One version may beqwe us.

market i in soybag 2026 once regulatory approval has been obtained:
I r [ 4

\ \ 1 ]
| — —~..———-—--—:-n—-—-—u~_\-.- A — = -);_J- —_—

— .a—h‘..,.{._ — nq;.\
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C10X1603-CR-6 IN CONFIDENCE

Project Deliverable Status (cont)

End user relationship:
Achieved

End user relationship
comment:

Over the course of this contract we have had significant support f/ron"i*'indqstry'-s“ta keholders. Now the
Contract is complete we have reached a major stage where the téchnology.developed is reaching the
commercialisation phase. Commercialisation of genetically mo ified"p_lants have long timelines and face
significant regulatory hurdles. We have developed a strat gﬁv th industry partners and major industry
groups to enter a commercialisation programme in Australia This-market has a track record of GM crop
adoption and a significant Dairy and Sheep and(Bee_f\ihd_' try, that would benefit from the key primary and
secondary traits offered by HME ryegrass. The égportuhityfor New Zealand is twofold as investors can
gain a return on investment from sales and.ro aitfe\s, from the Australian Industry and secondly, help
elaborate the value proposition for New-.Z'e_al}n AThis will aid informed decision making on the adoption
of GM technology. ¢ NN \ v
This contract has helped develop-underpinning knowledge of this novel technology and rel g\l )
technologies (e.g. novel BGAT1s). |t has supported the industry funded field trials based .i_thA and
led to new options for<he indysty. Importantly, the filing of new patents on the ndy&"HME ryegrass
mechanism, reduction o r@ro oxide and novel plant DGAT1s extends the in(@stibility of the technology
so that new investors rting the commercialisation can gain a return on invastment.

Key personinel:~
Achieved -,

ll{ey_lpe'rs"onnel comment:

_ We have been fortunate that there is a diverse__se'f of capability within AgResearch so as new skills are
needed they are readily on hand. The core team ha’s.,grbwn over time and have developed their skills and
knowledge. \

Research progress:
Achieved

Research progress
comment:

All the research-go_ais/that make up the five key areas have been achieved. This has enabled the HME
technolggy'te’progress towards commercialisation and the research has opened new opportunities for
invest ent--@other crops and forage species.

| Qevejoping enhanced photosynthesis technologies in forages and crops has lead to world leading
'c§~pability that has led to commercialisation opportunities in soybean, hemp, corn and forages
internationally.

The team was nominated for the Royal Society MacDairmid Medal in 2022 for its outstanding research and
the potential benefits to society and the winer will be announced in early November 2022.

Has any Change Event occurred in the Reporting Year?
No
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C10X1603-CR-6 IN CONFIDENCE

If YES when was MBIE advised?

Work Programme Conditions

Contract condition # 60762

This project does not give effect to Matauranga Maori as the work and outeomes have no immediate and
distinctive reliance on Maori matauranga or resources or mdngenous taonga species. While there are
currently no field trials of genetically modified forages underway in New Zealand there is no ban on them
being carried out. Through the Genetic Technologies ‘€ ébh g\ latform AgResearch is actively engaging
with a wide range of stakeholders to discuss therisks; bénefits and costs to New Zealand's environment,
society, culture and economy of utilising - or noh\utilising'~ genetic technologies. In the long term (beyond.~
the project), it is expected that new ryegrass.cultivars-will be generated that contain the HME technol@gy,
which will be capable of mitigating climats Shange and enhancing freshwater quality for NZ and the. '\ “._
world. Part of the development and" ;go'gr\:g%n of this project will involve the team continuing bui gﬁj,'- .
relationships with external groups whowil) help to guide the project as it moves forward, mCludmg R
regulatory and Maori stakeh ldergroups”” Within AgResearch, the team is supported in gmding critical
thinking in relation to n.Matadranga, te ao Maori and engagement (Te Ara Tika; Maor Research
Partnerships group). ]ggz(éseqleh team understands the importance of this resear@ Maori, in terms of
concerns around h0w.geng~t|@technolog|es can be viewed as mteractlng W|t e ao Mao i'and New
Zealand's indjgenous and rodern landscapes, and the potential risks an eflt o culture, local
economles'\ag\d t\ntury ~spanning community sustainability. The HME team éb en represented at
wananga (q Maori, Genetics, and Genomics, Cambridge, July 20 )Wh archers and iwi
rep entafives-have discussed the potential impact of new genetl%ech ologies, including

Ryegfass. The research team is also engaging with the EPA dpd the type of application and the
Qe mat:on that would be required for progressing an appllts on-for field trials and/or release in New
"%aiand This inciudes meeting with the EPA's Kaupapa Kura\T ia0 team to discuss pathways for
gaging with Maori.

= S 5. Y. V. . S — - PP —
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C10X1603-CR-6 IN CONFIDENCE

Knowledge transfer type
Workshops and hui

Number of Events

Knowledge transfer comments (optional) S
Meeting with MfE and Environmental Protection Authority on status of researc@o GM for forages 4th
August, 2021. y "-. AN

Interview with National Business Review on commercialisation of GM technology B}Z)(a) _} 7th October,
2021. L.

Presentation to Ministry of Primary Production ?,Noeﬁ\ﬂyy 2021.

Visit by Pla)(@) (2 (@)_' e

| NZAGRC and glasshous_e--'_t'o__ r 26th' November, 2021.

b

Presentation to New Zealand - Israizbi';?. "ﬁ‘tec\h Summit 15th February, 2022.

Presentation to Dairy NZ and Taranaki farmers and glasshouse tour 8th June, 2022. \ ;

!_ |: " A

Presentation to Massx Ne .L Agnculture Students 16th June, 2022.
))

Presentation to Minist <‘Qmary Production staff and glasshouse tour 6th/alv, 2022,

o

Presentation t 'Fonterra on value proposition modelling 10th August, 662*2.

f,
._.\.

Non -peer Reviewed Published Articles -

Number of non-peer reviewed publlshed a4>dés :

(

Non-peer reviewed published art'it;l_:_e§_ E‘i:ijhrﬁénts (optional)

S— S O - R — — — e ——— —

"'. '\I '. ". N

New Products, Procésses and Services

Number gf\plq"\l&_%oducts
7 \< \ 0
( Nuﬁ*lﬁéhtbf new processes
. // 0
Number of new services
0

New products, processes and services (optional)

Science Quality
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Peer-reviewed journal articles in the year they are accepted for publication
Number of books or chapters

Number of published conference proceedings

Awards for science achievement (not open internationally)

Awards for science achievement (open internati 5@

Keynote presentations (not open inte nat%

Keynote presentations (open internaﬁe ally)

Number of masters b_r_"d.pc.t_'oral theses

b )
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Science quality comments (optional)

Somrutai Winichayakul, Amy Curran, Roger Moraga, Ruth Cookson, Hong Xue, Tracey Crowther, Marissa
Roldan, Greg Bryan, Nick Roberts (2022). An alternative angiosperm DGAT1 topology and potential motifs
in the N-terminus. Frontiers in Plant Science, section Plant Proteomics and Protein Structural Biology.
Manuscript ID: 951389

3
NN

Ruth Cookson, Somrutai Winichayakul, Hong Xue, Kim Richardson, Roger Motaga, Aurelie Laugraud,
Ambarish Biswas, Greg Bryan, Nick Roberts (2022). Evolution ant’censerved functionality of organ size
and shape regulator PEAPOD. PEAPOD. PLoS ONE 17(2) e0263928 https://doi.org/10.1371/journal.
pone.0263928

(

Beechey-Gradwell Z, Kadam S, Bryan G, Coo! %!\ Nelson K, Richardson K, Cookson R, Winichayakul S,/
Reid M, Anderson P, Crowther T, Zou X Mah Ue H, Scott R, Allan A, Stewart A, Roberts N (2022). '
Lolium perenne engineered for eley ated Iea‘f lipids exhibits greater energy density in field ca nop|e§t/nder
defoliation. Field Crops Research 2 G\L_%B 40)

] N S

Cooney, L.J., Beec@Gradw@II Z., Winichayakul, S., Richardson, K.A., Crowther, T gg\da('son, P., Scott,
R.W., Bryan, G:;-Roberts, NJ. (2021) Changes in Ieaf level nitrogen partitioning an sophyll
conductance dehve feased photosynthesis for Lolium perenne leayves_engineered to accumulate lipid
carbon mn{/ks Fr\grf'?rs in Plant Science 12, article 641822.

\

?e@ Hea S-Y., Crowther, T., and Roberts N.,
gr}s? carbon capture espeually under high N

E’Eécﬁv-Gradwell, Z., Cooney, L., Winichayakul, S.,
_<~(2020) Storing carbon in leaf sinks enhances peref|
' and elevated CO2. J. Experimental Botany 71:235{"

Winichayakul, S., Beechy-Gradwell, Z Muatzel S., Molano, G., Crowther, T., Lewis, S., Xue, H., Burke, J.,
Bryan, G., and Roberts N., (20\20) In \\/“tw gas productlon and rumen fermentatlon proflle of fresh and
ensiled genetlcally modlfigd highsmetabolizable energy ryegrass. J. Dairy Sci 103 (3):2405-2418.

A\~

Beechy-Grad\g\ll Z:-Winichayakul, S., Roberts, N., (2018) High lipid perennial ryegrass growth under
varlable n{trog‘e\w water and carbon d|0X|de supply. Proc. NZ Grasslands Assoc. 80:219-224.

N 4 — - —_— e . ————————— -

Provisional Patent and PVR Applications

Number of Patent or Plant Variety Right (PVR) applications

Provisional patent and PVR applications comments {(optional)
Two new patent applications in last 12 months on Nitrous oxide reduction and Novel DGAT1s.
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Patent and PVR grants

Number of Patents or Plant Variety Rights (PVRs) that have been granted.
92

Name the countries in which you have been granted Patents or PVRs.
92 patents granted since 2009.

Photosynthesis/HME

Cysteine oleosins: 26

Reducing WSC: 1

Increasing carbon dioxide and root oil: 6
DGAT1s

DGAT1 N/C Chimera: 19

DGAT1 Modified n-terr-_ri:_-Q

DGAT ZM-long: 6 |

Diarginin@l_)&_h’_i’:-

PeaPod
; % in monocots: 12

.\, PeaPod in dicots: 12

Jurisdictions:

indonesia; Iraq; India; Canada; Para%\-a‘v\liﬁlippines; Japan; Chile; Mexico; New Zealand; South Africa;
Germany; Spain; France; China; Austrﬁii‘a; Brazil; Europe; USA; Argentina; India; Malaysia; Thailand;
Uruguay; Venezuela. \
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C10X1603-CR-6 IN CONFIDENCE
Formal Collaborations
Collaborations by Country
Country  level Numberofcollaborations  Comment

gy e &
United States of America (the) Strong 4

Australia Strong |1 4< M
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Capability Building

Students
Number of students obtaining Masterate qualifications
0
Number of students obtaining Doctoral qualifications
1
Number of students obtaining Post-Doctoral qualificat_li;_@_"_
Secondments to or from end users", _— Y
Number of secondments as FTEs fn@end user organisation ¢ ; :
™\ 0
NN .I .I
Number of secondments as FTES to an end user organisation )
.' _“ s N\ s F D

e b T L e i — - ¥ N AN
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End User Relationships

End user details

C10X1603-CR-6

IN CONFIDENCE

Dairy NZ represent the
interests of the NZ diary
sector. Dairy NZ provide
governance of the overall

programme as a member”
SN
of the Programme Steering

St

PGG
Wrightson
Seeds

&

N

>

2

N
e
P ghts eeds

\pgyﬁ@\ogna nce of the

@\ejﬁpmgramme asa
ﬁember of the Programme
Steering Group. They have
provided elite ryegrass
germplasm, collaborate on
breeding and are part of
the pathway to market.

r
|
|
|
|

Grasslanz
Technology
Limited

©

Grasslanz Te"kg:lc&\
provide overwof the
ov A% %pakrne as a

he Programme
eering Group. They
\}sollaborate on breeding
and are part of the
pathway to market.

Barenbrug
Agriseeds

Barenbrug Agriseeds have
provided elite ryegrass
germplasm. They
collaborate on breeding.
They are part of the
pathway to market.
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Spinouts and Startups

Spinouts and Startups (super-users only)

Spinouts and startups
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COVID-19 Information
COVID-19 Information

Was the contract impacted by COVID-19 in this reporting period?
No

If your contract was impacted by COVID-19 in the reporting period\
0 \

Do you anticipate future impact to this contract from__ICO{Uﬁ-IQ? ™
No AN

Which area(s) were impacted by COVID-19 du(i{_g\tﬁ'iifepbrting period?

If other is selected, please explain

_— — A Nz == - AN

Date generated: 05/09/2023 at 16:15 Page 56 of 57



CCCCCCCCCCCCC
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