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C4F- Crops for the Future

The program contributed to emerging of new research areas such as bio-based
composites for food and non-food uses, potential medical uses of plant-produced
proteins and renewable sources of plant produced insect pheromones for pest
management. The plant protein factory (Fig. 1) has been equipped and started.
SLU Grogrund has started 10 novel projects in 2019.

Overall progress in 2019

In 2019, all subprojects within C4F have progressed
well. A large number of peer-reviewed articles of high
quality have been published, while a number of ma-
nuscriptsare in the pipeline for publication soon.Some
new PhD students have been recruited and newly fun-
ded research grants associated with the C4F program
have been initiated. Research outcomes and associa-
ted outreach activities deal with new knowledge and
information on novel potential uses of plant oils, pro-
teins, starches and other compounds which can be
used as food, feed and different industrial applications.

Detailed research findings and progress

The understanding of how proteins can be
functionalized to receive different properties,
among them superabsorbent properties has taken
tremendous steps forward and have resulted in four
scientific articles published in 2019 (Fig 2 and 3), two
patent application and one Vinnova UDI step one
project. New results have been obtained in the area of
plant components such as, protein, starch and fibers,
innovative uses in composites and the importance of
raw material “design” and physiochemical properties
for making them suitable in targeted nutritious foods
and“green” composites.

Fig. 1 Protein factory is in operation in 2019, where the green tissues left in production fields can be processed
for extraction of important compounds for various applications. Photos by William Newson (left) and Sara Kyr6

Wissler (right).
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Novel two types of protein based fiber materials
showed outstanding results in terms of absorbing
properties and microstructure, and high potential of
being used in absorbing health care products.

Protein nano fibrils (PNF) originated from proteins
extracted from lupine, mung beans, faba beans have
been characterized and a manuscript on PNF is under
preparation.

Theincorporation of PNF films was tried, but the results
were inconsistent with trouble shooting ongoing. The
non-protein part of faba beans has been investigated
regarding the polysaccharide composition. One
article has been published and manuscripts are in the
pipeline of submission or draft regarding the above
mentioned research activities.

New improved breeding lines have been developed
in rice and barley, namely WRI1 rice, FATB rice and
Yin-yang barley. Those lines can be used as proof of
concept to develop new cereal varieties in breeding
programs for oil production, biotic stress tolerance
and high yield as well as high dietary fiber content.
AtWRI1 can increase oil content in rice endosperm
from 0.9% to 1.6% and a manuscript about this is
under preparation.
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Fig 2. Bio-based sponges based

on wheat gluten side-streams
displaying high water uptake has
been produced, showing petroleum-
based sponges used for cleaning
purposes and demonstrates that
bio-based plastics have high market
opportunities for more sustainable
products in the future. Photo by
Antonio José Capezza.

Fig 3. Potential utilization of biopolymers such as
wheat gluten for the industrial production of porous
materials that could perform in applications where
fast and high liquid swelling are needed in daily-care
products e.g. sanitary pads. Copyright of the photo
belongs to American Chemistry Society.



The FATB type genes play an important role in oil
production and is associated with improving biotic
stress tolerance. A yin-yang barley line with improved
yield has passed a field trial test for new variety
registration.

Genome editing has been used as a method to
redirect carbon flow by modifying promoters of
transcription factors (TFs). A couple of manuscripts
have been either published or in the pipeline of
submission or preparation. These manuscripts deal
with functions of some important TFs involved in seed
development including seed structure, seed filling
and seed maturation. One manuscript structurally
dissects a family of double AP2 domain TFs, which are
of importance for flowering, embryo development
and seed metabolism. (Fig 5)

Fig 5. Transgenic wheat with oil production in endo-
sperm. Sliced developing wheat kernels showing in-
ner fluid-filled compartment for GM (right) expressing
oat transcription factor WRIT compared with WT (left).
Scale bar: 1 mm. Photos by Per Snell.

Seed production and extraction in the pheromone
project has been scaled up, which enabled us to
perform mating disruption tests for two different major
pests. One manuscript has been submitted on tobacco
production of 14:1 and 16:1 fatty acids for pheromone
compound development. The main research effort is
the production of pheromone precursors as fatty acid
constituents (12:1-16:1) in Camelina sativa seed oil.
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Fig. 4. Transgenic FATB lines of rice growing in
phytotron. Photos by Chuanxin Sun

Field cultivation of camelina with 16:1 has been scaled
up for mating disruption tests. Manuscripts for the
different biosynthesis strategies where in addition to
normal seed oil, wax esters (WE) have been developed
with the added benefit of carrying fatty alcohols
being true pheromone blend constituents are under
preparation.

To increase WE production level, the FAR gene from
Marinobacter and a chloroplast-targeted WE synthase
gene (PES2; from Arabidopsis) were tested. Single
35S:FAR transformants displayed a characteristic lethal
phenotype with stunted growth and necrotic leaves.
Weak and medium overexpressors were possible to
grow to maturity. Crosses between 35S:FAR x 35S:PES2
were initiated during 2019 and WE analyses is ongoing.
To simplify selection of double expressors, 35S:FAR.hyg
x PES.kan crosses with different selectable markers are
underway.

Studies on WE utilization during seed germination
and WE accumulation during seed development was
studied and the results are published. Due to the strict
GM regulation in Europe and strong interest from US
colleagues, a field trial on the crambe WE transgenic
lines was performed in US to exploit the possibility to
produce WE in US.

We have successfully established an efficient protocol
for protoplast regeneration and a working protocol for
protoplast transfection for Lepidium campestre (Fig. 5).
These protocols are essential for CRISPR/Cas9 induced
mutation lines without external DNA integration into



Fig. 5. Shoots (left) regenerated from protoplasts of Lepidium campestre and transfected protoplast expressing
the marker gene GFP (right). Photos by Li-Hua Zhu (left) and Sjur Sandgrind (right).

the plant genome. Manuscript on this work is under
preparation. We have also studied application of the
protoplast regeneration protocol for lepidium in other
oil species including Arabidopsis with minor or small
modifications and the results appear working for most
of them.

Integration of genetic and chemical tools for
modulating autophagy with luminous reporters has
been used for monitoring autophagic flux with the
ultimate goal to advance better understanding of

the autophagy regulation in crops. Manuscript on
discovery of TFs activating autophagy-related (ATG)
genes in Arabidopsis is in preparation. The results of
establishment of the first chemical screening pipeline
for the identification of specific plant autophagy
modulators have been published. Structure-activity
analysis of the identified plant autophagy-modulating
compounds for subsequent photoaffinity labeling
and target identification in vivo is ongoing.

Fig 6. Successful expression of functional human myoglobin (right: protein extraction) in tobacco leaves. Photos
by Selvaraju Kanagarajan (left) and Magnus Carlsson (right).
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Studies on hemoglobin in 2019 have been focused
on myoglobin (Mb) (Fig 6) and ATM genes to explore
the possibility to express these proteins in tobacco
for potential nutritional or medicinal applications.
The results showed the functional proteins could
be produced in both cases. The manuscript on Mb
has been submitted and manuscript on ATM is in
preparation.

In what has the research contributed to social
benefit?

The ultimate goal of research activities within C4F is
to contribute to social benefits in one way or another.
Some projects are at present being transferred to
UDIs or EIPs, one way to transfer TC4F knowledge into
product-based projects, thus benefiting to the society.
Moreover, the new knowledge obtained on composite
materials can be further explored in development of
nutritious food (protein rich and dietary fiber rich) and
bio-based textile materials.
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Faba beans is a good plant-based protein alternative
to soy-products and gluten, studies on protein
nutritional values in faba beans would stimulate
potential increased commercial production in Sweden
due to its high nutritional profile.

Newly bred Yin-Yang barley lines and transgenic rice
lines could be either used directly in future production
or for further breeding inimproving yield and reducing
the use of fungicides and pesticides. This research has
achieved two international patents. One Yin-Yang
barley line has passed a field trial test in 2019 and will
be tested for VCU in 2021 for being registered as a new
variety.

Novel transgenic lines of crambe and lepidium with
improved oil qualities contribute to increased plant oil
production. Colleagues in US are interested in taking
over the production of GM crambe lines expressing
wax esters. One Swedish company is highly interested
in lepidium oil for HVO biodiesel production.



Capacity building in carbon allocation through
doctoral education was complete where one PhD
student defended his thesis at the end of 2019 and
started to work at MariboHilleshog immediately after.
Plant based production of insect pheromones
contribute to social benefits through providing non-
toxic and renewable products against insect damages
in production, being more sustainable than pesticides.
The general public is aware of the pivotal role of
autophagy in medicine, including human aging and
prevention of neurodegenerative diseases. We strive
to convey information about the importance of
studying plant autophagy for improving crop growth
and defense.

Successful expression and characterization of
functional heme-binding proteins in plants contribute
to social benefits through providing plant-based
proteins for nutritional and medicinal applications in
future. We have been reached by one company for
potential investment in the projects after they have
read got the information about the project through
social media.
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C4F- Crops for the Future

Name Gender & Position | Part of full
time finan-
ced by TC4F
Eva Johansson F, Professor, C4F le- 15% Xinran. Ly, (Sherry). F. Internship 0,
ader Alicia Vernay, F Exchange student 0
Li-Hua Zhu EEaP Cll'ce)iessor, CA4F vice 10% Biisranur. Harmanc| F Exchange student 0
Sven-Erik Svensson M. PhD student 35% Saeid Karkehabadi M, Researcher 0
Ramune Kuktaite F, Researcher 0 I?er Hofvander M, Researcher 20%
William (Bill) Newson M, Postdoc 12% Asa Grimberg F, Researcher 40%
el Marklund M. PhD student 0 Mariette Andersson F, Researcher 0
Maria Luisa Prieto-Linde | F, Lab technician 0 Anders Carlsson M, Professor 0
Faraz Muneer M. PhD student 0 Helle Turesson F, Research engineer 0
Elaine Ceresino F PhD student 0 Ann-Sofie Falt F, Lab technician 10%
Anna-Lovisa Nynas F PhD student 100% Mirela Beganovic F, Lab technician 25%
Antonio Capezza M, PhD student 0 Per Snel M, PhD student 0
Emilia Berndtsson F, PhD student 50% Peter Bozhkov M, Professor 0
Marie Olsson F Professor 0 Kerstin Dalman F, Research engineer 0
Anders Ekholm M, Lab technician 0 Adrian Dauphinee M, Postdoc 0
Selvaraju Kanagarajan M, Researcher 0% Pernilla Elander F, PhD student 0
Sjur Sandgrind F Postdoc 0 Elena fj/linina F, Researcher 0
Sungyong Kim M, PhD student 17% Anna Asman F, Postdoc >0%
Xueyuan Li M, Research assistant 45%, saniana.Holla F.Ph student 2
Magnus Carlsson M, PhD student 50%
Sungyong Kimi M, Postdoc 0
Rui Guan F, Postdoc 0
Chuanxin Sun M, Docent 15%
Yunkai Jin M, Postdoc 20%
Salim Hossain Reza M, Postdoc 20%
Folke Sitbon M, Professor 0
Maud Langton F, Professor 0
Anja Herneke F, PhD student 30%
Klara Nilsson F, PhD student 20%
Solja.Pietaidnen F, PhD student 0
Rosanna Moriana F.Researcher 20% until.
Aug. 2019,
Danjel Johansson M,.Researcher 15% from.
Nov. 2019
Daniel Garcia Garcia M, Pastdoc 0
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