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A
t the passing of each calendar year there is the 

obvious opportunity to look both back and forw
ard. 

That is also the case at G
A

R
N

et and w
e are excited 

to w
elcom

e a new
 cohort of academ

ics to the 
A

dvisory com
m

ittee. C
hristine R

aines (U
niversity of 

Essex), Saskia H
ogenhout (John Innes C

entre) and 
Steven Spoel (U

niversity of Edinburgh) represent 
the present and future of U

K
 plant science and 

w
ill no doubt w

ill bring great value to C
om

m
ittee 

decisions. O
n the flip-side w

e m
ust bid fairw

ell to 
A

nthony H
all, C

yril Z
ipfel and John D

oonan w
hose 

excellent term
s have ended. A

nthony in particular 
has played a significant role in the grants w

ith 
w

hich G
A

R
N

et have been involved over the past 
few

 years. H
e is a PI on the ongoing B

B
SR

C
 iPlant 

grant (see page 6) and as the leader of the U
oL 

G
eneM

ill he is an integral m
em

ber of the U
K

 Plant 
Synthetic B

iology com
m

unity. 

W
ith reference to the recent G

A
R

N
et election it 

w
as extrem

ely gratifying to have over 170 U
K

 p
lant 

science academ
ics cast their votes. Thanks to all 

w
ho contributed to the process.

W
ith the U

K
PSF in a transition period (see page 

4), w
e are fortunate that G

A
R

N
et has a full-tim

e 
coordinator to supp

ort U
K

 plant science and it is 
w

orth rem
inding readers that w

e are not solely 
focused on A

rabidopsis but that part of our m
andate 

is to interact w
ith researchers w

hose focus is on 
other plant species. 

W
e are extrem

ely excited about the program
 of 

m
eetings that G

A
R

N
et is organising in 2016. In 

A
pril w

e are hosting a w
orkshop focussed on the 

strategies that plant scientists use to deal w
ith the 

challenges of big data. The speakers at this m
eeting 

include Professor N
ick Provart (BA

R
, Toronto), 

Professor C
arole G

oble C
B

E (M
anchester) and 

Professor G
eoffrey B

oulton O
B

E (Edinburgh). M
ore 

details can be found on page 5.
 Later in the year C

ardiff U
niversity is hosting our 

biennial G
A

R
N

et m
eeting entitled ‘G

A
R

N
et2016: 

Innovation in the Plant Sciences’. The keynote 
speakers include B

en Scheres (W
ageningen), N

iko 
G

eldner (Lausanne), C
athie M

artin (JIC
) and C

hris 
Tow

n (A
raport). A

ll the details can be found at 
w

w
w

.G
A

R
N

et2016.w
eebly.com

In D
ecem

ber G
A

R
N

et w
ill finish 2016 w

ith a 
fantastic m

eeting held at G
onville and C

aius 
C

ollege in C
am

bridge, organised by advisory 
board m

em
bers D

avid Salt and Ian H
enderson. 

This w
orkshop is entitled ‘N

atural genetic 
variation as a tool for gene discovery and 
crop im

provem
ent’ and the key-note speakers 

include D
etlef W

eigel (Tuebingen), Joy B
ergelson 

(C
hicago) and M

agnus N
ordborg (G

M
I, V

ienna). 
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Special thanks to: K
atherine D

enby, Lisa M
artin, 

Joe M
cKenna, R

ichard B
uggs, A

ndrew
 Thom

pson, 

B
rian

 Forde, A
gnes C

han, the new
 B

B
SR

C
 grant 

holders and plant science researchers at Q
M

U
L, 

C
ranfield and O

xford B
rookes.

    T
he G

A
R

N
et C

om
m

ittee

D
avid Salt

U
niversity of A

berdeen
G

A
R

N
et C

hair N
ov 2014–D

ec 2016

Jim
 M

urray
U

niversity of C
ardiff

G
A

R
N

et PI (from
 February 2015) 

K
atherine D

enby
U

niversity of W
arw

ick
C

om
m

ittee m
em

ber N
ov 2014–D

ec 2017

A
ntony D

odd
U

niversity of B
ristol

C
om

m
ittee m

em
ber Jan 2013–D

ec 2016

John D
oonan

U
niversity of A

berystw
yth

C
om

m
ittee m

em
ber Jan 2012–D

ec 2015

A
nthony H

all
U

niversity of Liverpool
C

om
m

ittee m
em

ber Jan 2012–D
ec 2015

N
icholas H

arberd
U

niversity of O
xford

C
om

m
ittee m

em
ber Jan 2013–D

ec 2016  

Ian H
enderson

U
niversity of C

am
bridge

C
om

m
ittee m

em
ber N

ov 2014–D
ec 2017

Sabina Leonelli
U

niversity of Exeter
Ex-officio m

em
ber

Sean M
ay

N
ottingham

 A
rabidopsis Stock C

entre
Ex-officio m

em
ber

Z
oe W

ilson
U

niversity of N
ottingham

C
om

m
ittee m

em
ber N

ov 2014–D
ec 2017

C
yril Z

ipfel
The Sainsbury Laboratory, N

orw
ich

C
om

m
ittee m

em
ber Jan 2012–D

ec 2015

N
ew

 M
em

bers starting their term
s in Jan 2016:

C
hristine R

aines: U
niversity of Essex

Saskia H
ogenout: John Innes C

entre

Stephen Spoel: U
niversity of Edinburgh

W
atch this space for updates as w

e further develop 
this m

eeting.

Even though w
e have a full 2016, w

e are already 
looking ahead to 2017 so if anyone has ideas 
about m

eetings or w
orkshops w

ith w
hich G

A
R

N
et 

m
ight be involved then please get in contact.

Please enjoy this edition of G
A

R
N

ish that features 

an article from
 A

raport about the new
 A

rabidopsis 

G
enom

e A
nnotation as w

ell as inform
ation about 

new
 B

B
SR

C
 grant funding, w

hich includes a 

prom
ising num

ber of N
ew

 Investigator G
rants. 

W
e also turn the Spotlight on the plant science 

departm
ents at Q

M
U

L, C
ranfield and the 

B
ioim

aging facility at O
xford B

rookes.

Follow
 @

G
A

R
N

etw
eets on Tw

itter and Facebook.
Please rem

em
ber the ‘W

eeding the G
em

s’ blog 
at http://blog.garnetcom

m
unity.org.uk. Please 

contact G
eraint, geraint@

garnetcom
m

unity.org.uk 
if you w

ould like to w
rite a guest post. 

V
iew

s expressed by authors in G
A

R
N

ish are their ow
n 

opinions and do not necessarily represent the view
 of 

G
A

R
N

et or the B
B

SR
C

.
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U
K

 P
lant S

ciences 
Federation       

             
U

pdate

Sm
all but significant change has com

e to the 
U

K
PSF over the past couple of m

onths. The full 
tim

e U
K

PSF Executive O
fficer M

im
i Tanim

oto 
left her role to take up a post at Kew

 G
ardens 

w
hilst at the sam

e tim
e the core funding supplied 

by the G
atsby Foundation and the Society for 

Experim
ental B

iology (SEB
) w

as com
ing to an end. 

The U
K

PSF has secured follow
-on funding from

 
the B

ritish Society of Plant Pathology, B
iochem

ical 
Society and SEB

 but it is insufficient to m
aintain a 

full tim
e position. 

M
oving forw

ard the U
K

PSF w
ill becom

e a Special 
Interest G

roup of the R
oyal Society of B

iology 
(R

SB
) and be adm

instered as the de facto plant 
science arm

 of R
SB. U

nfortunately the lack of a 
full-tim

e position w
ill reduce the am

ount of tim
e 

that R
SB

 can devote to the U
K

PSF. 
H

ow
ever in the recent (and perhaps final) U

K
PSF 

A
G

M
, the R

SB
 agreed to m

aintain the strong w
eb 

presence that the U
K

PSF has developed (http://
w

w
w

.plantsci.org.uk/) and then focus on specific 
projects. In future this w

ill depend upon gaining 
appropriate funding in addition to that already 
supplied by the m

em
ber organisations. 

In 2016 these w
ill include:

1. O
rganisation of the U

K
 Plant Science 

C
onference; A

pril 11-12th 2016 at the John Innes 
C

entre

2. Im
m

inent publication of reports prepared by 
the W

orking groups set up as a result of the 2014 
‘U

K
 Plant Science: C

urrent status and future 
challenges’ report.

3. Support the developm
ent and publication of 

a R
oadm

ap for the next 25 years of U
K

 Plant 
Science. This is scheduled for publication in m

id 
2016. 
The current U

K
PSF Executive board (http://

w
w

w
.rsb.org.uk/policy/groups-and-com

m
ittees/

ukpsf) w
ill rem

ain in  place and they w
ill liase 

w
ith A

lessandro A
llegra, w

ho is the m
em

ber of 
R

SB
 staff w

ho w
ill take on the role of ‘U

K
PSF 

coordinator’. Elections to this Executive board w
ill 

proceed as norm
al w

ith three new
 m

em
bers to be 

im
m

ediately elected. 
The future of the A

G
M

, w
here all m

em
ber 

organisations could attend and learn about the 
activites of the U

K
PSF, is less certain but M

ark 
D

ow
ns, C

hief Executive of the R
SB

 suggested that 
this type of m

eeting m
ight occur on a six-m

onthly 
basis. 
The lack of a full tim

e officer w
ill certainly 

im
pact the broader influence of the U

K
PSF but it 

rem
ains to be seen how

 this new
 arrangem

ent w
ill 

develop. The R
SB

 w
ill certainly w

elcom
e any help 

m
axim

ise the effectivness of this new
 incarnation 

of the U
K

PSF. 

G
lobal P

lant 
C

ouncil U
pdate

A
n update from

 the G
PC

 
C

om
m

unications m
anager, 

Lisa M
artin, w

ho after spending a couple of years 
in a sim

ilar position at G
A

R
N

et, just can’t stop 
contributing to G

A
R

N
ish! 

It’s been a busy few
 m

onths for the G
lobal Plant 

C
ouncil (G

PC
) as w

e prepared ourselves not 
only for our A

nnual G
eneral M

eeting, but also 
for our Sym

posium
 on Stress R

esilience, held in 
collaboration w

ith the Society for Experim
ental 

B
iology (SEB

). The m
eetings w

ere held on either 
side of the International Plant M

olecular B
iology 

conference in the tow
n of Foz do Iguaçu on the 

B
razilian side of the fam

ous Iguassu Falls. You can 
read m

ore about our Stress R
esilience Sym

posium
 

in the report on page 22. 

A
t our A

G
M

 w
e reflected on the great w

ork that 
the G

PC
 has achieved over the last year. The G

PC
 

has played an im
portant role in the developm

ent 
of D

ivSeek (w
w

w
.divseek.org), a m

ulti-stakeholder 

collaborative initiative that aim
s to ‘unlock the 

potential of crop diversity stored in genebanks 
around the w

orld’. The steering com
m

ittee for this 
consortium

-led project has now
 been established, 

and is form
ulating a w

orkplan, so stay tuned for 
updates! 

W
e have also been w

orking w
ith the A

m
erican 

Society of Plant B
iologists to develop ‘Plantae’, 

a digital platform
 that w

ill be both an online 
resource hub for plant science, as w

ell as 
a place w

here plant scientists can netw
ork, 

prom
ote their research, discuss and interact. The 

w
ebsite is currently in beta-testing m

ode w
ith a 

full release due in 2016, but if you w
ant to have 

a look around, you can sign up to be a beta-tester 
and give us your feedback at w

w
w

.plantae.org. 

A
t the A

G
M

 w
e also discussed our social m

edia 
activities, w

hich have dram
atically increased 

aw
areness of the G

PC
 around the w

orld. C
heck 

out this blog post, w
ritten by one of our tw

o N
ew

 
M

edia Fellow
s, A

m
elia Frizell-A

rm
itage from

 the 
John Innes C

entre, if you w
ant som

e tips on how
 

to use social m
edia to prom

ote yourself and your 
science, and to increase your follow

ing: http://
blog.globalplantcouncil.org/future-directions/
the-global-plant-council-guide-to-social-m

edia/. 
O

ur other N
ew

 M
edia Fellow

, Sarah Jose from
 

the U
niversity of B

ristol, has set us up on Scoop.
It (w

w
w

.scoop.it/global-plant-council), and w
e 

also now
 have a Facebook page (w

w
w

.facebook.
com

/G
lobalPlantG

PC
) in addition to our English 

and Spanish-language Tw
itter accounts (@

G
lobalPlantG

PC
 and @

G
PC

_EnEspanol), so if 
you’re not already follow

ing us or ‘liking’ us, 
please do! 

Lastly, w
e thanked our outgoing Executive B

oard 
for all their hard w

ork over the last three years, 
and w

e w
elcom

ed the new
ly elected one. B

arry 
Pogson (A

ustralian Society of Plant Scientists) w
ill 

be our new
 C

hair, V
ice-C

hair is A
riel O

rellana 
(C

hile’s N
ational N

etw
ork of Plant B

iologists), 
the Treasurer is V

icky B
uchanan-W

ollaston (SEB
) 

and C
arl D

ouglas (C
anadian Society of Plant 

B
iologists) and Yusuke Saijo (Japanese Society of 

Plant Physiologists) are B
oard M

em
bers. 

W
ith this new

 team
 in place, including our new

 
President Professor B

ill D
avies from

 the U
niversity 

of Lancaster, w
hom

 w
e had w

elcom
ed earlier in 

the year, w
e look forw

ard to lots m
ore exciting 

activities in the com
ing year to help develop plant 

science for global challenges.  

G
A

R
N

et/E
g

enis W
orkshop on 

‘Integ
rating

 L
arg

e D
ata into P

lant 
S

cience: F
rom

 B
ig

 D
ata to D

iscovery’ 

G
A

R
N

et and the Exeter C
entre for the Study of the 

Life Sciences (Egenis) are excited to announce  this 
tw

o-day w
orkshop to be held in the picturesque 

D
artington H

all, Totnes, D
evon on A

pril 21st-22nd 
2016. https://w

w
w

.dartington.org/visit/stay/

The aim
s of this w

orkshop are to:
1. Introduce exam

ples of how
 researchers have 

re-used datasets in innovative w
ays.

2. Exam
ine the infrastructure that exists to support 

the re-use of large datasets
3. D

iscuss the m
echanism

s by w
hich the 

com
m

unity deals w
ith big data.

W
e have kind support from

 the ER
C

 and the 
B

B
SR

C
 so registration for this w

orkshop w
ill be 

free although sadly w
e can only select a lim

ited 
num

ber of delegates. If you are interested in 
attending please em

ail the G
A

R
N

et coordinator 
G

eraint Parry (geraint@
garnetcom

m
unity.org.

uk) w
ith a short paragraph outlining w

hy this 
w

orkshop w
ould be useful to you. The organising 

com
m

ittee w
ill then let you know

 by M
arch 1st 

w
hether you have been successfully selected so 

that you can plan your trip to D
evon.

M
ore details can be found here: http://blog.

garnetcom
m

unity.org.uk/garnetegenis-m
eeting-

big-data/
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in polyploids. These w
ill enable researchers 

to use up-to-date w
heat genom

e inform
ation 

or custom
 polyploidy genom

es and carry out 
SN

P scoring, analysis of hom
ologous gene 

expression and m
apping-by-sequencing. This 

team
 is also evaluating m

ultiple m
apping-

by-sequencing algorithm
s to establish 

optim
al pipelines for A

rabidopsis, barley and 
custom

 diploid organism
s. For A

rabidopsis 
researchers, iPlantU

K
 w

ill provide detailed 
SN

P inform
ation and a w

orkflow
 for design 

of C
R

ISPR
/C

as9 constructs for knocking 
out target genes. These tools w

ill be 
com

plem
ented by w

orkflow
s for R

N
A

seq 
analysis and de novo genom

e assem
bly.  

Som
e of these w

orkflow
s have already been built 

and are available on iPlant (for exam
ple, Tuxedo 

suite PE up to 4 conditions); these w
ill be hosted 

on iPlantU
K

 w
hen the U

K
 node is deployed and 

user docum
entation provided. 

The W
arw

ick program
m

ers, led by D
avid W

ild, 
are integrating a num

ber of system
s biology tools 

developed in the PR
ESTA

 (http://w
arw

ick.ac.uk/
presta) project into the iPlant environm

ent. These 
include a set of tools for determ

ining differential 
gene expression in tim

e series transcriptom
e 

data, along w
ith netw

ork inference and m
odeling 

algorithm
s. Tools for analysing co-expression 

across m
ultiple tim

e series, prom
oter conservation 

and sequence m
otifs, as w

ell as genom
e-

w
ide chrom

atin footprinting data w
ill also be 

incorporated. O
utput from

 each tool w
ill be 

form
atted to allow

 easy integration of different 
tools and com

m
on w

orkflow
s w

ill be set up to 
guide users. 

Im
age analysis is the focus of Tony Pridm

ore’s 
team

 at N
ottingham

. H
is team

 is w
orking to 

incorporate several im
age-based phenotyping 

applications into iPlantU
K

, all of w
hich are based 

on the R
oot System

 M
arkup Language (R

SM
L) 

developed by the C
entre for Plant Integrative 

B
iology (https://w

w
w

.cpib.ac.uk/) and colleagues. 
This tool set includes softw

are for phenotyping 
root system

 architectures from
 both 2D

 and 
3D

 im
ages and a view

er for visualising and 
extracting features of interest from

 R
SM

L files.  The 
availability of these R

SM
L tools on iPlant U

K
 w

ill 
encourage further sharing and interoperability 
betw

een phenotyping tools w
ithin the com

m
unity. 

Initial inform
ation on the iPlantU

K
 project 

and team
 is available on our w

ebsite – http://
iplantuk.org. Look out for further inform

ation and 
announcem

ents of tool releases as the project 
progresses. W

e w
ill also be talking about iPlantU

K
 

at the Plant and A
nim

al G
enom

e conference in 
January 2016 at the iPlant w

orkshop (https://pag.
confex.com

/pag/xxiv/w
ebprogram

/Session3121.
htm

l) and at the G
A

R
N

et m
eeting in Septem

ber 
2016 (w

w
w

.G
A

R
N

et2016.w
eebly.com

).

iP
lantU

K
: com

putational resources 
for larg

e-scale data analysis

K
atherine D

enby, U
niversity of W

arw
ick

iPlantU
K

 is a m
ajor B

B
SR

C
-funded collaboration 

betw
een scientists at the U

niversity of A
rizona, 

the Texas A
dvanced C

om
puting C

enter, the 
U

niversity of W
arw

ick, the U
niversity of Liverpool, 

the U
niversity of N

ottingham
, and The G

enom
e 

A
nalysis C

entre (TG
A

C
) to set up a U

K
 based 

node for The iPlant C
ollaborative. The iPlant 

C
ollaborative provides a high-perform

ance 
com

puting environm
ent and tools for scientists 

to share and analyse large-scale data effectively. 
O

riginally set up for plant scientists (hence the 
nam

e), iPlant is now
 available for researchers 

studying all organism
s other than hum

ans. 
The iPlant platform

 allow
s research groups that 

lack either com
putational capacity or expertise 

to access extensive data storage, backup and 
com

pute pow
er hosted in a num

ber of globally 
accessible locations, and structured, integrated 
analysis applications and w

orkflow
s. R

esearchers 
can w

ork on large datasets using publicly 
available tools and pipelines in a single online 
location. 

iPlantU
K

 w
ill establish a U

K
 node of the iPlant 

C
ollaborative cyberinfrastructure to support the 

U
K

 biological science com
m

unity’s data storage 
and analysis requirem

ents. iPlant and iPlant U
K

 
are building a com

m
on international biological 

science platform
 that aim

s to prevent duplication 

of effort and funding by actively encouraging 
and supporting reuse of data, applications and 
resources. 

iPlantU
K

 w
ill host com

putational tools developed 
in B

B
SR

C
-funded projects, enabling them

 to 
be globally and easily accessible. C

urrently 
iPlantU

K
 is establishing w

orkflow
s for analysis 

of next generation sequencing data and adapting 
suites of tools for transcriptom

e analysis/netw
ork 

m
odelling, and im

age-based phenotyping. For all 
tools, clear user docum

entation w
ill be provided. 

The com
putational hardw

are infrastructure for 
iPlantU

K
 w

ill be set up at The G
enom

e A
nalysis 

C
entre (TG

A
C

) in N
orw

ich. TG
A

C
 provides 

the N
ational C

apability for com
putational 

infrastructure in the U
K

, and as such is perfectly 
situated to provide technical foundations and 
bioinform

atics expertise for the iPlantU
K

 node. 
The TG

A
C

 team
, led by D

r R
obert D

avey, is 
deploying, configuring and m

aintaining the 
com

plex iPlant virtualised com
puting environm

ent 
in order to run the U

K
 node, facilitate federation 

w
ith the iPlant node in the U

S, as w
ell as 

optim
ising next-generation sequencing analysis 

tools developed at TG
A

C
 for the platform

.

The Liverpool team
, led by A

nthony H
all, is 

building softw
are w

orkflow
s for genom

e analysis 

G
A

R
N

ish
iP

lant U
K

 U
pdate

V
isualisation of gene regulatory netw

ork from
 inference tool. 

B
oth photos on this page from

 iPlantU
k.

G
A

R
N

ish
iP

lant U
K

 U
pdate
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G
A

R
N

ish
Funding N

ew
s

N
ew

 A
rabidopsis G

rants

A
rabidopsis researchers continue to be very 

successful in B
B

SR
C

 responsive m
ode funding 

rounds. H
ere’s a round-up of grants aw

arded 
to m

em
bers of our com

m
unity in the B

B
SR

C
 

R
esponsive M

ode 2014 R
ound 3 and 2015 R

ound 
1. C

ongratulations to the PIs and the researchers in 
post w

orking on these exciting projects!

D
oes the N

-end rule pathw
ay of targ

eted 
proteolysis control the plant im

m
une 

system
?

M
ike H

oldsw
orth

U
niversity of N

otting
ham

The capacity of plants to survive adverse 
conditions and reach reproductive m

aturity 
critically depends on their ability to continuously 
adapt to changes in the environm

ent, particularly 
in response to pathogens. M

any studies have 
identified the control of protein stability as a 
m

ajor regulator of plant responses during invasion 
and propagation of pathogens, show

ing that 
m

odulation of the stability of key regulatory 
proteins is required for adaptation to pathogenic 
infections. 

The N
-end rule pathw

ay of targeted proteolysis is 
a ubiquitin proteasom

e system
 m

echanism
 that 

controls protein degradation dependent on the 
N

-degron, a specific m
otif m

ainly determ
ined 

by an N
-term

inal (N
t-) destabilizing am

ino acid 
residue, targeting the proteins for degradation. This 
pathw

ay has been extensively studied in anim
al 

and yeast system
s, w

here it w
as show

n to have 
an im

portant role in developm
ental processes, 

including apoptosis. R
ecently in our group the 

first plant physiological substrates of the N
-end 

rule pathw
ay w

ere identified as the G
roupV

II ER
F 

transcription factors, w
hich w

ere show
n to be 

the m
ajor regulators of plant oxygen and nitric 

oxide (N
O

) sensing, through the C
ysteine-A

rginine 
branch of the pathw

ay (C
ys-A

rg/N
-end rule 

pathw
ay). 

O
ur recent unpublished experim

ents show
 that the 

N
-end rule pathw

ay is involved in the regulation 
of the plant im

m
une response, revealing the 

im
portance of an as yet undiscovered substrate(s) 

w
ith N

t-G
lu

tam
ine (Q

), a separate branch of 
the pathw

ay that utilises the enzym
e G

lutam
ine 

A
m

idohydrolase (N
tQ

-am
idase; N

TA
Q

). This is 
the first tim

e that a function for this branch of the 
pathw

ay has been discovered in plants. 

In this project w
e w

ill investigate the hypothesis 
that the N

-end rule pathw
ay m

ediates previously 
undiscovered key aspects of plant responses to 
pathogens by controlling the stability of specific 
substrate proteins w

ith an N
-term

inal glutam
ine.

Transcriptional reg
ulation of plant 

g
row

th in nuclear m
icro dom

ains. 
E

irini K
aiserli

U
niversity of G

lasg
ow

N
ew

 Investig
ator G

rant

The focus of this project is to investigate the role of 
novel regulators of plant grow

th and developm
ent 

in response to environm
ental stim

uli. W
e w

ill use 
genetics, next generation sequencing and super-
resolution m

icroscopy to elucidate the m
echanism

 
of action of TZ

P (TA
N

D
EM

 Z
IN

C
 FIN

G
ER

 PLU
S3), 

a novel transcriptional regulator that integrates 
light, horm

one and clock netw
orks to control 

m
ajor plant developm

ental transitions (Loudet et 
al., 2008 PN

A
S, K

aiserli et al., 2015 D
ev C

ell). In 
particular, the existence of “transcription factories” 
and the translocation of active gene regions 
tow

ards areas enriched in transcription factors, 
chrom

atin rem
odeling enzym

es, photoreceptors 

G
A

R
N

ish
Funding N

ew
s

and com
ponents w

ill be investigated using the 
m

odel plant species, A
rabidopsis thaliana. TZ

P is 
the only protein in A

rabidopsis containing both 
Z

inc Finger (Z
F) and PLU

S3 dom
ains. Studies 

in yeast and hum
an proteins have revealed 

that PLU
S3 dom

ains function in chrom
atin re-

organisation by m
ediating the recruitm

ent of gene 
regulatory proteins and R

N
A

-processing factors 
to chrom

atin during transcription (de W
ier et al., 

2013 PN
A

S ). The role and m
olecular function of 

PLU
S3 dom

ains in plant proteins rem
ains elusive. 

W
e w

ill investigate the transcriptional activity 
of TZ

P PLU
S3 in vivo and in vitro and em

ploy a 
w

hole-genom
e approach to identify in planta R

N
A

 
and D

N
A

 targets for TZ
P. To obtain inform

ation 
on the 3D

 structure, content, environm
ent and 

com
plexity of nuclear photobodies w

e propose 
to use super-resolution m

icroscopy as w
ell as 

D
N

A
 and R

N
A

 Fluorescence In Situ H
ybridisation 

(FISH
) on transgenic A

rabidopsis lines expressing 
fluorescently tagged TZ

P and TZ
P-interacting 

proteins. 

 N
-term

inal acetylation as a sig
nal for 

protein deg
radation controlling

 plant 
developm

ent and stress responses: 
D

aniel G
ibbs

U
niversity of B

irm
ing

ham
N

ew
 Investig

ator G
rant

Targeted protein degradation (proteolysis) via the 
ubiquitin proteasom

e system
 (U

PS) is an essential 
cellular process of physiological im

portance, and 
in plants plays a key role in alm

ost all aspects 
of developm

ent and stress response.  Increasing 
our understanding of the signals and com

ponents 
controlling protein stability via this system

 
therefore has the potential to identify new

 targets 
for crop im

provem
ent.  

The N
-end rule pathw

ay, a highly conserved 
division of the U

PS that destroys proteins based on 
the nature of their N

-term
inus (N

t), has em
erged 

as a critical regulator of developm
ent and 

environm
ental signal-sensing in plants (G

ibbs et 

Eirini K
aiserli: N

uclear architecture reflects 
key transition points during a plant’s life-cycle. 
C

onfocal im
age analysis of TZ

P tagged w
ith 

a fluorescent m
arker show

s dynam
ic nuclear 

localisation in response to light. TZ
P sub-nuclear 

com
partm

entalisation correlates w
ith changes in 

gene expression required for regulating plant grow
th 

and developm
ent (adapted from

 K
aiserli et al., 2015 

D
ev C

ell).
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al. 2014 Trends C
ell B

iol).  R
ecent studies in yeast 

and m
am

m
als have now

 identified a novel branch 
of the pathw

ay that specifically degrades proteins 
that have been N

t-acetylated (called the ‘A
c/N

-end 
rule pathw

ay’). D
espite the fact that m

ore than 
70%

 of proteins undergo N
t-acetylation in plants, 

the functional relevance of this m
odification has 

rem
ained elusive (G

ibbs 2015 Trends Plant Sci).  
Therefore, w

e hypothesised that one function for 
this protein m

odification m
ight be in the control 

of protein half-life via the previously undiscovered 
plant A

c/N
-end rule pathw

ay.

W
e identified putative hom

ologues of yeast A
c/N

-
end rule-associated enzym

es in A
rabidopsis 

and crop plant genom
es. These include N

t-
acetyltransferases (N

ATs), w
hich co-translationally 

add acetyl m
oieties to the exposed alpha-

am
ino group of N

t-residues, and specific E3 
ligases (called A

c/N
-recognins) that bind to 

and ubiquitinate N
t-acetylated target proteins. 

R
em

arkably, a vast m
ajority of these proteins 

have not been studied previously. W
e found that 

loss-of-function m
utations in the genes encoding 

these com
ponents have several shared grow

th 
and stress-related phenotypes in A

rabidopsis - 
including altered germ

ination, A
BA

 and drought 
responses, as w

ell as grow
th and chlorophyll 

defects.  Furtherm
ore, artificial ‘reporter proteins’ 

w
ere found to accum

ulate to higher levels in 
A

c/N
-end rule m

utants than in w
ild type plants. 

These prelim
inary studies indicate that the A

c/N
-

end rule is present in plants and that it regulates a 
range of im

portant processes. 

In this B
B

SR
C

-funded project w
e w

ill functionally 
characterise the structural and enzym

atic 
com

ponents of this novel proteolytic pathw
ay in 

A
rabidopsis to dem

onstrate that N
t-acetylation 

acts as a context-specific degradation signal in 

D
an G

ibbs: R
osette phenotype of w

ild type (left) and A
c/N

-recgonin loss-of-function m
utant (right) plants

G
A

R
N
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plants.  W
e w

ill link the activity of this pathw
ay to 

diverse grow
th, developm

ent and stress responses, 
and use targeted and screening approaches to 
identify physiological substrates. C

ollectively these 
studies w

ill open up a new
 area of research into 

plant proteolysis and signal transduction, and 
provide new

 insight into the functional relevance 
of this m

ajor but enigm
atic protein m

odification. 

P
hotoreceptor O

ptim
isation of P

lant 
W

ater U
se.

S
tuart C

asson

U
niversity of S

heffield
N

ew
 Investig

ator G
rant.

The research in m
y lab is focused on how

 
plants respond to environm

ental conditions 
and in particular, the im

pact this has on plant 
developm

ent and perform
ance. M

uch of our 
research utilises stom

atal developm
ent as a m

odel 
to study plant-environm

ent interactions. It has 

long been know
n that light signals m

odulate 
stom

atal developm
ent, w

ith leaves that develop 
under higher irradiances having significantly 
increased stom

atal densities. W
e, along w

ith 
other groups, w

ere able to dem
onstrate that this 

response is regulated by photoreceptor signalling, 
w

ith the red/far-red light receptor phytochrom
e 

B
 (phyB

) having a dom
inant role (C

asson et al., 
2009, C

urrent B
iology, K

ang et al., 2009, Plant 
C

ell). W
hilst stom

ata are lim
ited to the epiderm

is 
of the leaf, w

e dem
onstrated that phyB

 can act in 
a tissue specific m

anner, outside of the epiderm
is, 

to regulate light m
ediated stom

atal developm
ent 

(C
asson and H

etherington, 2014, C
urrent B

iology). 
This w

ork raised questions about how
 signals from

 
different tissues are integrated and in particular, 
the role of tissue-specific and inter-tissue 
photoreceptor signalling in m

ediating changes in 
stom

atal developm
ent.

These factors form
 the basis for the research 

to be undertaken in this project w
hich aim

s 
to investigate how

 photoreceptor signalling 
balances plant w

ater use and 
productivity through changes 
in stom

atal developm
ent 

(Figure 1). The research w
ill 

focus on dissecting the inter-
tissue m

echanism
s regulating 

stom
atal developm

ent 
in response to light and 
investigate the regulatory 
netw

ork dow
nstream

 of the 
photoreceptors in different 
tissues. B

y m
anipulating 

com
ponents of these netw

orks 
the final aim

 is to determ
ine 

w
hether it is possible to 

uncouple the trade-off betw
een 

w
ater use efficiency (W

U
E) 

and carbon assim
ilation in 

phyB
 leaves.

Stuart C
asson: Stom

atal developm
ent on the leaf surface is positively 

regulated by light and grow
th at higher irradiances leads to increases in 

stom
atal density. These developm

ental changes are phyB
 and cryptochrom

e 
dependent. H

ow
ever, these changes in epiderm

al developm
ent are not specifi

c 
to signalling w

ithin the epiderm
is and involve inter-tissue signalling betw

een 
the inner tissue of the leaf and epiderm

is.
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C
rop yield is highly w

ater dependent and 
globally, approxim

ately 80%
 of all freshw

ater 
that is abstracted is used for agriculture. Increases 
in global population, industrial dem

and and 
changing global clim

ate are predicted to increase 
com

petition for fresh w
ater resources, severely 

im
pacting on food and w

ater security. A
 m

ajor 
outcom

e of this proposal w
ill be to establish 

the role of photoreceptor signalling netw
orks 

in regulating this process through both tissue 
specific and inter-tissue signalling. M

odulating 
these signalling netw

orks presents a m
eans of 

m
anipulating the trade-off betw

een w
ater use and 

photosynthesis to generate plants w
ith im

proved 
perform

ance.

R
eceptor-like kinase palm

itoylation: 
resolving

 a crucial feature of plant cell 
sig

nalling
. 

P
iers H

em
sley 

U
niversity of D

undee and J
am

es H
utton 

Institute
N

ew
 Investig

ator G
rant

C
ellular m

em
branes divide eukaryotic cells 

into m
any diverse functional com

partm
ents 

and separate the inside of the cell from
 the 

outside w
orld. Each of these m

em
branes has 

a distinct population of proteins associated 
w

ith it, perform
ing a w

ide range of tasks such 
as transm

itting signals from
 one side of the 

m
em

brane to the other or regulating the flux 
of m

etabolites betw
een com

partm
ents. To 

coordinate these processes a high degree of 
regulation is required at the level of protein 
function.

O
ne post-translational m

odifications (PTM
s) 

regulating protein function is the fatty acid based 
S-acylation or palm

itoylation. This m
odification 

is the only know
n reversible lipid m

odification of 

proteins and, based on our ow
n and others data, 

is thought to affect up to a third of all m
em

brane 
proteins (~

10-15%
 of the total proteom

e).  B
y 

com
parison, the better know

n but non-reversible, 
lipid based m

odifications N
-m

yristoylation, 
farnesylation, geranylgeranylation and G

PI-
anchors are only thought to account for 2.5%

 
of the total proteom

e. S-acylation has been 
im

plicated in a w
ide variety of processes including 

trafficking proteins to specific m
em

brane 
com

partm
ent, regulating protein-protein 

interactions, protein m
icrodom

ain partitioning, 
directly regulating protein activity and regulating 
protein stability or turnover.

The reversibility of S-acylation allow
s it to act in 

an analogous m
anner to phosphorylation w

hereby 
proteins can undergo rounds of S-acylation and 
de-S-acylation in response to stim

uli. O
ur lab is 

particularly focussed on understanding how
 these 

cycles are regulated and w
hat are the functional 

outcom
es of S-acylation and de-S-acylation. W

e 
published the first snapshot of the A

rabidopsis 
S-acyl proteom

e, identifying nearly 600 proteins 
as being S-acylated, and have since expanded this 
data further. M

any of the proteins identified belong 
to the R

eceptor-like kinase (R
LK

) superfam
ily. 

G
A

R
N
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Funding N
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R
LK

s are one of the m
ost im

portant fam
ilies 

of receptors in plants, being responsible for 
perceiving the m

ajority of extracellular stim
uli 

such as pathogens, cell w
all stress or horm

ones. 

U
nderstanding how

 R
LK

s are regulated is therefore 
of param

ount im
portance for a w

ide range of 
research fields and applications. W

e have since 
established that the signalling outputs of m

any 
R

LK
s are regulated by changes in S-acylation state 

in response to ligand binding. R
LK

s w
ith altered 

S-acylation states show
 altered signalling outputs 

indicating that S-acylation is required to m
odulate 

correct responses.

In this project w
e aim

 to use m
odel R

LK
s to 

place S-acylation state changes into the know
n 

regulatory fram
ew

ork of R
LK

 signalling and 
identify the enzym

es required for regulating 
S-acylation state changes.

H
ypoxia S

ensing
 in P

lants: R
ole of the 

P
lant C

ysteine O
xidases.

E
m

ily F
lashm

an

U
niversity of O

xford
N

ew
 Investig

ator G
rant

A
ll aerobic organism

s m
ust have regulatory 

system
s in order to respond to low

 oxygen 
(hypoxia), either by m

etabolic reconfiguration 
or by physical changes to increase oxygen 
delivery. In anim

als, this hypoxic response is 
m

ediated by the H
ypoxia-Inducible transcription 

Factor, H
IF. H

IF levels are regulated by acutely 
oxygen-sensitive enzym

es, the H
IF hydroxylases; 

hydroxylation targets H
IF for proteasom

al 
degradation but H

IF hydroxylase activity reduces 
in hypoxia, elevating H

IF levels and inducing the 
hypoxic response. The hypoxic response in plants 
is m

ediated by G
roup V

II ethylene response factors 
(ER

F-V
IIs). Sim

ilar to H
IF, levels of the ER

F-V
IIs 

are regulated in an oxygen-dependent fashion: 
oxidation of their N

-term
inal cysteine residues 

renders them
 targets for the N

-end rule pathw
ay 

(N
ER

P) and proteasom
al degradation (a process 

w
hich also requires N

O
 in planta). In hypoxia, 

this N
-term

inal cysteine oxidation is reduced and 
ER

F-V
II levels are stabilised to elicit the hypoxic 

response (G
ibbs et al, 2011, N

ature. Licausi et al, 

Piers H
elm

sley: Palm
itoylation (red) is able to change 

the signalling responses at the plasm
a m

em
brane.

Em
ily Flashm

an: H
ypoxic response m

echanism
s in 

plants and anim
als. U

nderstanding the role of the PC
O

s 
w

ill allow
 targeted m

anipulation and upregulation of 
ER

F-V
IIs to enhance fl

ood tolerance 
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2011, N
ature) ER

F-V
IIs in rice and A

rabidopsis are 
know

n to regulate responses to flooding, a m
ajor 

cause of hypoxia in plants.

The m
echanism

 of N
-term

inal cysteine oxidation 
w

as elucidated in 2014, w
hen team

s led by 
Francesco Licausi and Joost van D

ongen identified 
a set of enzym

es in A
rabidopsis w

hich catalyse 
oxidation of the ER

F-V
II N

-term
inal cysteine 

residues in an oxygen-dependent m
anner 

(W
eits et al 2014 N

ature C
om

m
). These enzym

es, 
term

ed the Plant C
ysteine O

xidases (PC
O

s), w
ere 

found to regulate ER
F-V

II levels and consequently 
gene expression, influencing subm

ergence 
tolerance. The identification of oxygen-dependent 
enzym

es as regulators of the ER
F-V

IIs and thus the 
hypoxic response in plants raises the possibility 
that the PC

O
s m

ay act as plant oxygen sensors, 
sim

ilar to the H
IF hydroxylases in anim

als (see 
figure). It also raises the exciting possibility that 
m

anipulating the activity of these enzym
es could 

artificially upregulate ER
F-V

II levels and im
prove 

flood tolerance. 

Elevated ER
F-V

IIs are already know
n to confer 

subm
ergence tolerance w

hen artificially stabilised 
in A

rabidopsis and barley, and also in rice varieties 
containing the gene encoding the ER

F-V
II SU

B
1A

 
w

hich, unusually, is not degraded via the N
ER

P.  
The advantage of m

anipulating ER
F-V

II levels 
at the point of PC

O
 activity is that it allow

s the 
possibilities of ‘fine-tuning’ the hypoxic response 
and of tem

poral control.

The aim
 of our B

B
SR

C
-funded project is therefore 

to characterise the role of the PC
O

s in plant 
oxygen-sensing and identify w

ays to m
odify 

their activity.  W
e w

ill conduct biochem
ical, 

biophysical, structural and kinetic investigations of 
the PC

O
s, and thus identify how

 they interact w
ith 

both the ER
F-V

IIs and oxygen. This w
ill include 

characterising their capacity to act as oxygen 

sensors, i.e. how
 their activity correlates w

ith 
oxygen concentrations. 

M
ost excitingly, this detailed m

olecular 
understanding w

ill enable us to rationally design 
m

echanism
s to either chem

ically inhibit or 
genetically fine-tune PC

O
 activity, particularly 

w
ith respect to oxygen, and thus artificially 

elevate ER
F-V

II levels. O
ur initial focus w

ill be 
on the A

rabidopsis PC
O

s but w
e w

ill also look 
at w

hether PC
O

s from
 other species, particularly 

crops, could also perform
 oxygen-sensing roles. 

M
echanism

s w
e identify to m

odulate PC
O

 activity 
in A

rabidopsis could then be translated into 
nutritionally or com

m
ercially relevant plants.

F
unctional characterization of Iron 

R
eg

ulator S
ensor (IR

S
) proteins in 

plants: 

J
anneke B

alk, J
org

e R
odríg

uez-C
elm

a, 
N

ick Le B
run

J
ohn Innes C

entre and U
niversity of E

ast 
A

ng
lia

Iron (Fe) is an im
portant m

icronutrient both for 
plants and anim

als. Iron deficiency anaem
ia is a 

w
idespread disease in hum

ans and Fe is a lim
iting 

factor for crop grow
th in m

any arable soils. 
H

ow
ever, deficiency is not the only problem

: in 
excess, Fe can cause serious oxidative dam

age 
and induce cell death. Therefore, its uptake and 
accum

ulation needs to be tightly regulated and Fe 
levels inside cells m

ust be sensed. The Fe sensing 
m

echanism
 is w

ell know
n for bacteria, yeast and 

m
am

m
als: Fe is sensed via regulatory proteins 

that sense the level of Fe either as a free ion or as 
biologically active cofactors (Fe-S or hem

e) and 
regulate the expression of Fe hom

eostasis genes. 

R
ecently a new

 Fe sensing protein, FB
X

L5, has 
been discovered in m

am
m

als and acts in protein 

turnover. D
epending on the 

Fe levels in the cell, FB
X

L5 
prom

otes the degradation 
of an Fe regulatory protein, 
w

hich in turn controls 
the gene expression of 
Fe hom

eostasis genes, 
giving a fast response to 
local Fe levels. H

ow
ever, 

no Fe sensing m
echanism

 
is know

n for plants. The 
previously identified 
transcription factors are 
not know

n to bind Fe, 
and no relation betw

een 
Fe-S biosynthesis and Fe 
hom

eostasis has been yet 
discovered. 

The B
alk group has been 

studying the Fe-S assem
bly 

pathw
ays in plants for 

m
any years, and the Le B

run group has been 
w

orking in the field of iron m
etabolism

 for >
20 

years. D
r. R

odriguez-C
elm

a recently joined the 
B

alk group to enhance his plant physiology skills 
w

ith biochem
ical techniques. D

uring a postdoc 
position in Taiw

an, he studied the transcriptom
ics 

responses to Fe deficiency in A
rabidopsis and 

discovered tw
o new

 candidate genes that m
ay be 

involved in signalling the Fe status of the plant 
cell. The genes are provisionally nam

ed IR
S1 and 

IR
S2, for Iron-R

egulated Sensor, and they have 
partial hom

ology to FB
XL5. The proteins have 

several putative Fe binding dom
ains, know

n as 
haem

erythrin and rubredoxin dom
ains, and a 

R
IN

G
 Z

n-finger dom
ain that is likely to m

ediate 
protein-protein interactions. The proteins are also 
predicted to have ubiquitin ligase activity, so a 
m

echanism
 analogous to the FB

X
L5 com

plex in 
m

am
m

als w
ould be plausible. 

This project aim
s to characterize the m

etal 

binding properties of the IR
S proteins and how

 Fe 
binding affects folding and protein interactions. 
In order to function as sensors our candidates w

ill 
need to bind Fe and interact w

ith other proteins 
controlling Fe hom

eostasis, targeting them
 for 

degradation depending on the intracellular Fe 
levels. W

e w
ill test the Fe binding properties 

and therm
odynam

ics by recom
binant protein 

expression and advanced spectroscopic and 
analytical techniques. W

e w
ill try and identify 

their interacting partners in vitro using yeast-tw
o 

hybrid analysis and co-im
m

unoprecipitation. 
To test how

 they function in vivo w
e w

ill also 
characterize irs m

utant lines in A
rabidopsis for 

iron hom
eostasis phenotypes. The longer term

 
aim

 is to unravel the entire Fe signalling cascade, 
w

hich can then be m
anipulated to biofortify crops 

w
ith iron. This w

ill help to com
bat Fe deficiency 

in hum
ans, especially if low

er m
eat consum

ption 
becom

es m
ore im

portant in order to address 
clim

ate change.

Janneke B
alk: Fe defi

ciency and toxicity sym
ptom

s (top) and the dom
ain structure of 

the IR
S proteins (below

)
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D
ebate

 
G

eraint P
arry, 

G
A

R
N

et C
oordinator

O
n a daily basis m

ost plant scientists m
ight not 

be too concerned by the politics surrounding the 
use of genetic m

odification or advanced genetic 
technologies. H

ow
ever these are areas of policy 

that m
ight greatly im

pact future research, funding 
and em

ploym
ent opportunities. C

urrently, even 
w

ith the m
oratorium

 on use of G
M

 plants across 
the European U

nion (EU
), U

K
 funding levels 

have broadly been m
aintained. H

ow
ever if this 

policy persists it m
ight negatively im

pact available 
future funding. C

onversely if there is a change in 
public and political opinion tow

ard these genetic 
technologies then that m

ight open new
 avenues of 

research and sources of funding.

In February 2015 the cross-party Science and 
Technology C

om
m

ittee provided a report to 
the U

K
 governm

ent entitled ‘A
dvanced genetic 

techniques for crop im
provem

ent: regulation, 
risk and precaution’.  This 102-page docum

ent, 
for w

hich G
A

R
N

et provided w
ritten evidence, 

contained 44 conclusions and recom
m

endations 
for the incom

ing governm
ent to consider. The 

entire docum
ent can be found here: http://

w
w

w
.publications.parliam

ent.uk/pa/cm
201415/

cm
select/cm

sctech/328/32802.htm
 

In m
id O

ctober, the new
 C

onservative 
governm

ent supplied a response to this report 
that includes answ

ers to a num
ber of the original 

recom
m

endations. This 13-page response can 
be found in full here: http://w

w
w

.publications.
parliam

ent.uk/pa/cm
201516/cm

select/
cm

sctech/519/51902.htm
 

B
elow

 are highlighted som
e of the 

recom
m

endations and the governm
ent responses 

that m
ight be of interest to G

A
R

N
ish readers:

R
ecom

m
endation: The G

overnm
ent (G

O
V

) should 
initiate a refram

ing of the public debate in this 
area by m

oving aw
ay from

 the sim
ple notion of 

‘G
M

’ in its future policy com
m

unications. These 
com

m
unications should be presented in a w

ay to 
encourage constructive public debate about the 
science-based evidence supporting the safety of 
G

M
 crops.

R
esponse: G

O
V

 agrees that this refram
ing is 

needed but notes that som
e stakeholders w

ould 
view

 a rem
oval of the term

 ‘G
M

’ w
ith som

e 
suspicion. Therefore G

O
V

 w
ill continue to use 

‘G
M

’ w
hen appropriate. G

O
V

 also takes note of 
the debate surrounding the term

 ‘new
 breeding 

technologies (N
B

T)’, w
hose status in EU

 legislation 
needs to be clarified. G

O
V

 takes the position 
that necessary regulation of these techniques 
should be pragm

atic and proportionate to the 
overall objective. H

ow
ever w

hen addressing a lay 
audience, G

O
V

 w
ill attem

pt to m
ake it plain to 

that audience exactly w
hat they are discussing. 

G
O

V
 m

aintains its m
anifesto prom

ise to m
ake 

science-based decisions on G
M

 and their public 
com

m
unications w

ill highlight agricultural 
innovations, including use of G

M
 crops. G

O
V

 
does not think that there is a requirem

ent to 
consider the assessm

ent of non-safety factors in 
the decision m

aking process surrounding w
hether 

to engage w
ith the grow

ing of G
M

 crops. 

R
ecom

m
endation: G

O
V

 should undertake a 
review

 of the intellectual property landscape 
particularly in reference to agricultural 
technologies and the im

pact it m
ight have on 

com
m

ercialisation of all types of new
 crops. 

R
esponse: G

O
V

 w
ill w

ait until the EU
 publish a 

report on a sim
ilar topic and then decide w

hether 
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to undertake a national review
. 

R
ecom

m
endation: G

O
V

 should publicly 
acknow

ledge that G
M

 crops pose no greater 
inherent risk than conventionally bred crops. 
R

elevant areas of G
O

V.U
K

 should be updated to 
reflect this position. 
R

esponse: G
O

V
 accepts this point and, 

w
here appropriate, already reflects it in its 

com
m

unications.

R
ecom

m
endation: G

O
V

 should form
ally adopt 

a m
ove to regulate novel plants in a trait-based 

m
anner and develop this fram

ew
ork so that it 

w
ill inform

 EU
 future discussions. G

O
V

 should 
publicly state its com

m
itm

ent to m
ajor EU

 reform
 

of the legislative fram
ew

ork for G
M

 organism
s and 

G
M

 crops. The role of the A
dvisory C

om
m

ittee 
of R

eleases to the Environm
ent (A

C
R

E) should be 
expanded to consider all novel crops, not just G

M
 

varieties. 
R

esponse: G
O

V
 is currently focused on 

encouraging the EU
 to operate G

M
 authorisation 

in a tim
ely m

anner but feels that in the short term
, 

it is im
probable to reform

 policy tow
ard the use 

of ‘trait-based assessm
ent’. G

O
V

 feels that this 
m

ight have a negative im
pact given the increased 

num
ber of assessm

ents that w
ould have to be 

conducted. The current G
M

 cultivation D
irective 

is m
aking process, albeit at a slow

 rate. This type 
of analysis w

ould be required for every novel crop 
so G

O
V

 feels it is in its best interest to attem
pt to 

influence the EU
 only on this current legislation. 

G
O

V
 feels that an expansion of A

C
R

E rem
it w

ould 
be linked to the m

ove to a trait-based assessm
ent. 

G
O

V
 concedes that this type of system

 m
ight be 

m
ore logical but it is not appropriate to pursue 

this course dom
estically in the absence of any 

real prospect of a corresponding change in the EU
 

regim
e. The recom

m
ended changes to the rem

it 
of A

C
R

E w
ould likely require additional prim

ary 
legislation to be adopted, w

hich w
ould be tim

e-
consum

ing and costly. G
O

V
 feels this w

ould 
currently represent unnecessary expenditure. 

R
ecom

m
endation: G

O
V

 should produce a short 
docum

ent that details its understanding of the 
precautionary principle and how

 it w
ill use this 

principle as a guide to policy m
aking. 

R
esponse: In 2000 the EU

 com
m

ission set out 
their approach to the precautionary principle, 
w

hich included the recom
m

endation that 
use of the principle should be: ‘based on the 
fullest possible scientific evaluation (including 
determ

ining the degree of scientific uncertainty 
at each stage); be preceded by a risk evaluation 
and an evaluation of the potential consequences 
of inaction; involve the greatest possible 
transparency; and take into account principles of 
risk m

anagem
ent’. G

O
V

 is happy w
ith this current 

explanation and does not think it needs further 
clarification.

R
ecom

m
endation: G

O
V

 should w
ork w

ith the 
N

ational A
cadem

ies to provide a new
 online ‘hub’ 

of inform
ation about em

erging topics in science 

G
A

R
N

ish
R

efram
ing the G

M
 D

ebate



G
A

R
N

ish
R

efram
ing the G

M
 D

ebate
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and technology, including issues surrounding 
clim

ate change and the use of advanced 
genetic technologies. In addition G

O
V

 
should initiate a m

ore substantive dialogue 
on the future of the U

K
 food system

.
R

esponse: G
O

V
 already w

orks closely w
ith 

relevant organisations and does not believe 
there w

ould be any added value in a new
 

‘hub’, especially considering the additional 
resources that this w

ould require at a tim
e 

w
hen expenditure is under tight control. 

A
dditionally, in light of the recent science 

budget review
, G

O
V

 cannot guarantee 
continued funding for the ScienceW

ise 
program

. W
ith regard the future of the U

K
 

food system
, G

O
V

 highlights a num
ber of 

initiatives that already address the issues of 
‘Food and Farm

ing Strategy’, ‘G
lobal Food 

Security’ and ‘Food Standards’. They feel that 
these are currently sufficient to inform

 the 
public dialogue on this topic. 

It is gratifying that the U
K

 governm
ent 

agrees that it should prom
ote science-based 

decision-m
aking on issues surrounding G

M
 

crops and that they agree to prom
ote the 

evidence that states these crops pose no 
m

ore safety risk com
pared to com

parable 
non-G

M
 crops. H

ow
ever G

O
V

 w
ill not m

ove 
to describe the adoption of novel crops as 
being generated through ‘novel breeding 
techniques’ as they feel rem

oving the term
 

‘G
M

’ m
ight arise suspicion. 

W
ith regard m

ost other aspects of their 
response, G

O
V

 is reluctant to com
m

it further 
funding tow

ard the public understanding of 
these techn

ologies and this likely reflects an 
uncertain funding environm

ent. In the case 
of future regulations, G

O
V

 w
ill follow

 the 
lead of the EU

 since it feels that the latter 
is m

aking som
e progress in allow

ing the 
cultivation of G

M
 crops in a m

em
ber-state 

specific m
anner. It w

ill take a w
ait-and-see 

approach as to how
 the applications for the 

eight-types of G
M

 crop that are currently 
aw

aiting EU
 approval are judged. 

In the short term
 it appears that G

M
-policy 

w
ill have an ‘as-you-w

ere’ feel to it but given 
the positive m

ovem
ent of the EU

 (from
 the 

scientists point of view
) in this area this is 

perhaps not a bad thing. The m
ajor issue 

rem
ains separating the public perception of 

this technology from
 that surrounding their 

safety concerns and the influence of big 
businesses. H

opefully as individual scientists 
w

e can all do our part to inform
 the public 

so as to spread a positive m
essage about the 

future use of this technology. 

G
A

R
N

ish
The D

ebate S
urrounding G

ene Editing
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based gene expression derived from
 public R

N
A

-
seq datasets w

ill be integrated into ThaleM
ine in 

the near future.  See details of ThaleM
ine at https://

apps.araport.org/thalem
ine/begin.do.

JB
row

se is a next generation fast response genom
e 

brow
ser [3]. It currently hosts a collection of over 

100 data tracks that includes a num
ber of data 

sources accessed in real tim
e. This both fulfils our 

com
m

itm
ent to a data federation m

odel and also 
ensures data currency.  Exam

ples of data tracks 
include the latest A

raport11 gene structure updates 
and over 100 R

N
A

-seq datasets used in the A
raport 

genom
e reannotation effort, TD

N
A

-seq (Ecker lab), 
1001 genom

es variants (1001 G
enom

es Project), 
epigenetic m

arks (EPIC
-C

oG
e), chrom

atin states 
[4] and w

hole-genom
e alignm

ents (Phytozom
e). In 

addition to the large collection of data tracks from
 

w
hich to choose, users can also upload and view

 
their ow

n sequence alignm
ents (e.g. BA

M
 files) or 

genom
ic features (e.g. G

FF files) for side-by-side 
com

parisons.  In the near future, users w
ill also be 

able to directly publish their ow
n data tracks for 

sharing w
ith the com

m
unity, or reuse the A

raport 
JB

row
se tracks in other JB

row
se instances.  See 

details of A
raport JB

row
se at https://apps.araport.

org/jbrow
se/?data=

arabidopsis.

Science A
pps.  A

 grow
ing collection of m

odules 
(providing data or analysis capabilities) w

ill 
serve as building blocks for creating discovery 
w

orkflow
s.  The m

odules w
ill be built and shared 

by the research com
m

unity for interoperability and 
reuse. U

sers can review
 the currently available 

set of Science A
pps, and provide com

m
ents and 

feedback on w
hat m

odules they w
ould like to see 

or contribute.  A
 D

evelopers’ W
orkshop is planned 

for Spring 2016 for users interested in Science A
pps 

developm
ent. See details of A

raport Science A
pps 

at https://w
w

w
.araport.org/apps/catalog.

Tutorials. A
 series of A

raport tutorials is available 
to help users access and analyse data in ThaleM

ine 

and JB
row

se. For exam
ple, there are ThaleM

ine 
tutorials for running gene list enrichm

ent analysis 
(e.g. G

O
 enrichm

ents), and com
paring tw

o gene 
lists (e.g. intersection).  There are also JB

row
se 

tutorials for uploading data files located on a 
user’s ow

n com
puter or rem

ote locations (e.g. 
U

R
Ls shared by collaborators) for side-by-side 

track view
ing, and for finding A

rabidopsis m
utant 

germ
plasm

s through T-D
N

A
 and TD

N
A

-seq tracks.  
The tutorials can be found at: https://w

w
w

.araport.
org/tutorials.

A
raport is a m

ulti-institutional initiative started 
in 2013. Participating institutes include J. C

raig 
V

enter Institute (PIs: C
hris Tow

n [lead], Jason 
M

iller, A
gnes C

han), Texas A
dvanced C

om
puting 

C
enter (PI: M

att V
aughn), and the U

niversity of 
C

am
bridge (PI: G

os M
icklem

). For questions and 
com

m
ents, please contact the A

raport team
 at 

araport@
jcvi.org.

1. K
rishnakum

ar, V., et al., A
raport: the A

rabidopsis inform
ation 

portal. N
ucleic A

cids R
es, 2015. 43(D

atabase issue): p. D
1003-9.

2. K
alderim

is, A
., et al., InterM

ine: extensive w
eb services for 

m
odern biology. N

ucleic A
cids R

es, 2014. 42(W
eb Server issue): p. 

W
468-72.

3. Skinner, M
.E., et al., JB

row
se: a next-generation genom

e brow
ser. 

G
enom

e R
es, 2009. 19(9): p. 1630-8.

4. Sequeira-M
endes, J., et al., The Functional Topography of the 

A
rabidopsis G

enom
e Is O

rganized in a R
educed N

um
ber of Linear 

M
otifs of C

hrom
atin States. Plant C

ell, 2014. 26(6): p. 2351-2366.

G
A

R
N

ish
A

raport: The A
rabidopsis 

Inform
ation R

esource

A
rap

o
rt: A

 p
latfo

rm
 fo

r 
d

ata sh
arin

g
, d

iscovery an
d 

in
teg

ratio
n

 in
 th

e 21st cen
tu

ry 
d

evelo
p

ed
 fo

r (an
d

 by) th
e 

co
m

m
u

n
ity. 

Agnes C
han and C

hris Tow
n, 

A
raport, J

C
V

I.

A
raport is an initiative funded by the N

ational 
Science Foundation and the B

iotechnology and 
B

iological Sciences R
esearch C

ouncil.  It w
as 

established after a series of com
m

unity w
orkshops 

to give A
rabidopsis and other plant scientists 

direct access to a new
 generation w

eb-based 
data platform

. U
sers can brow

se and analyse 
a w

ide array of data already available through 
A

raport, and publish their ow
n data m

odules 
for com

m
unity sharing and building analysis 

w
orkflow

s. The A
raport data platform

 consists of 
three m

ajor com
ponents: ThaleM

ine, JB
row

se, 
and Science A

pps [1].  In addition, A
raport has 

also taken over the responsibility for updating and 
revising genom

e annotation and the reference 
genom

e sequence.  A
 series of tutorials is available 

to help users analyse and access A
raport data.

A
raport11. In our first set of updates, 

com
prehensive updates to both structural and 

functional annotation 
of the C

ol-0 
A

rabidopsis ecotype 
have recently been 
com

pleted and 
subm

itted to N
C

B
I 

for final review
.  A

n 
official release is 
expected in early 
2016.  A

raport11 
contains updates to 
gene structures and 
isoform

s derived 

from
 over 100 publicly available R

N
A

-seq datasets 
along w

ith annotation contributions from
 N

C
B

I, 
U

niProt, and individual research groups. The 
latest A

raport11 data release is available through 
several A

raport com
ponents: ThaleM

ine, JB
row

se, 
Science A

pps, and FTP dow
nload.  The reference 

genom
e sequence w

ill be revised in 2016 using a 
com

bination of existing long and short read data 
generated from

 the PacB
io and Illum

ina platform
s.  

A
raport11 represents a significant im

provem
ent on 

the previous TA
IR

10 annotation and an im
portant 

new
 resource for all A

rabidopsis researchers. 
D

etails of A
raport11 annotation effort can be 

found at https://w
w

w
.araport.org/data/araport11.

ThaleM
ine is based on the popular m

odel 
organism

 data w
arehouse InterM

ine [2].   It 
currently houses a w

ide array of A
rabidopsis 

genom
ic inform

ation including coexpression, 
orthologs, interactions, pathw

ays, publications, 
alleles, germ

plasm
 and phenotypes.  The data are 

collected from
 m

ajor data sources such as N
C

B
I, 

U
niProt, BA

R
, Phytozom

e, B
ioG

rid, IntA
ct, K

EG
G

, 
and m

any others. U
sers can brow

se G
ene R

eports, 
run G

ene List enrichm
ent analysis, run predefined 

data queries (Tem
plates), export data tables, and 

save/share gene lists and data queries. In addition, 
on-the-fly program

m
atic access is available 

through built-in ThaleM
ine w

eb services. Tissue-

The ThaleM
ine Interface w

hen searched w
ith the LH

Y gene

The JBrow
se Interface w

hen searched w
ith the SA

R1 gene

G
A

R
N

ish
A

raport: The A
rabidopsis 

Inform
ation R

esource
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the w
orld’s hungry and m

alnourished w
ith enough 

– and sufficiently – nutritious food to eat. 

R
ecognising that plant scientists have an 

enorm
ous role to play in helping to m

eet this 
challenge, the intention of the G

PC
/SEB

 Stress 
R

esilience Sym
posium

 w
as to bring together 

experts from
 around the w

orld to discuss current 
research efforts in developing stress resilience, 
show

case new
 approaches and technologies and 

build new
 netw

orks and collaborations to help 
contribute to global efforts to develop crops and 
cropping system

s that are better able to deal w
ith 

fluctuating and stressful environm
ental conditions

D
ay 1 – the Sym

posium
The first day of the Stress R

esilience m
eeting w

as 
given to know

ledge exchange. 

Food Security C
hallenges 

A
fter a w

elcom
e from

 the new
 G

PC
 President 

Professor B
ill D

avies (Lancaster U
niversity, 

U
K

), the first session of the day focused on how
 

scientists are helping to overcom
e existing and 

em
erging barriers to food security. M

atthew
 

R
eynolds gave an overview

 of the crops and 
clim

ate change research at C
IM

M
Y

T in M
exico, 

and w
as follow

ed by C
G

IA
R

’s Jean-M
arcel R

ibault, 
w

ho described the collaborative approach to 
developing food crops, w

ith stress resilience in 
m

ind, being taken by partners involved in the 
G

eneration C
hallenge Program

 (G
C

P, not to be 
confused w

ith G
PC

!). The aim
 of this program

m
e, 

he said, is to im
prove the germ

plasm
 in farm

ers’ 
fields, focusing on six staple crops, the integration 
of data m

anagem
ent, and building capacity for the 

future. 
W

e also heard from
 Lancaster’s M

artin Parry, w
ho 

described his group’s w
ork to translate findings in 

A
rabidopsis to capture m

ore carbon and im
prove 

w
ater and nutrient use efficiency of crops; B

ob 
Sharp from

 the U
niversity of M

issouri (U
SA

) 
spoke about trying to understand root responses 
to drought; M

atthew
 G

illiham
 from

 the U
niversity 

R
eport from

 G
P

C
/S

E
B

 S
tress 

R
esilience S

ym
posium

 and 
D

iscussion Forum

L
isa M

artin
G

P
C

 O
utreach M

anager 
lisa@

globalplantcouncil.org

It’s a strange thing to be packing for 38ºC
 

w
eather w

hile the tem
perature at hom

e in England 
steadily plum

m
ets tow

ards 0ºC
. N

evertheless, 
leaving a cold and rainy London behind, Team

 
G

PC
 took to the skies on 21st O

ctober and 
touched dow

n in tropical Foz do Iguaçu, a resort 
tow

n on the B
razil/A

rgentina/Paraguay border. 

Iguaçu is best know
n for its spectacular U

N
ESC

O
 

W
orld H

eritage w
aterfalls, but w

e – that is m
yself, 

Executive D
irector R

uth B
astow

, and our tw
o N

ew
 

M
edia Fellow

s A
m

elia Frizell-A
rm

itage and Sarah 
Jose – w

ere in tow
n for three different reasons. A

s 
w

ell as attending the International Plant M
olecular 

B
iology conference, follow

ed by the G
PC

’s A
nnual 

G
eneral M

eeting, w
e w

ere also running a Stress 
R

esilience Sym
posium

 in collaboration w
ith the 

Society for Experim
ental B

iology (SEB
) on 23rd 

and 24th O
ctober.

W
e’ve all heard the stats 

before: by the year 2050, 
the w

orld’s population 
is predicted to reach 
m

ore than 9 billion. To 
be able to feed all these 
extra people, w

e need to 
increase crop production 
by around 60%

, all the 
w

hile our existing crops 
and cropping system

s are 
threatened by clim

ate 
change and dw

indling 
natural resources.  U

rgent 
action m

ust be taken to 
achieve global food 
security and to provide 

G
A

R
N

ish
S

tress R
esilience M

eeting R
eport
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It’s a tough conference 
location for Team

 G
PC

! 
Photo: Lisa M

artin

G
A

R
N

ish
S

tress R
esilience M

eeting R
eport

of A
delaide (A

ustralia) focused on im
proving 

crops’ salinity tolerance; and finally W
arw

ick’s 
Sarah H

arvey, w
ho studies the effects of oom

ycete 
pathogens on plants, changed tack by exploring 
how

 the biotic stress posed by pathogens m
ight 

change as the clim
ate changes. 

Im
proving stress tolerance in variable 

environm
ents

C
haired by V

icky B
uchanan-W

ollaston, w
ho 

is both the SEB
 Plant Section C

hair and now
 

the new
ly elected G

PC
 Treasurer, the session 

after lunch took a closer look at som
e specific 

stress-related challenges. D
rought tolerance 

w
as a popular topic, w

ith A
ndrew

 B
orrell of the 

U
niversity of Q

ueensland (A
ustralia) speaking 

about his w
ork to elucidate the m

olecular and 
physiological basis for the Stay G

reen trait, 
w

hich gives greater sorghum
 yields under 

drought conditions; V
incent V

adez from
 IC

R
ISAT 

describing how
 investigating the w

ay in w
hich 

plants use w
ater under drought-free conditions 

can help understand their responses under drought 
stress; and IN

R
A’s François Tardieu discussing 

the high variability in “drought tolerant” alleles, 
and the differing effects those alleles can elicit 
in different plants under different environm

ental 
conditions. 
Scott C

hapm
an also provided som

e insights into 
the m

odelling w
ork going on at A

ustralia’s C
SIR

O
, 

w
hich is helping crop breeders to decide w

hich 
traits to focus on to adapt to different sources of 
stress, and Lyza M

aron from
 C

ornell U
niversity 

(U
SA

) spoke about her w
ork to understand 

alum
inium

 toxicity and tolerance in rice.

Innovating for Stress R
esilience  

In the next session, w
e heard about som

e exciting 
projects being carried out across the globe 
that are advancing our understanding of stress 
resilience in plants. C

hile’s A
riel O

rellana gave 
a fascinating talk, illustrated w

ith som
e beautiful 

photographs, of how
 m

ining the genom
e of a 

desert flow
er could provide valuable insights into 

stress tolerance. C
ystanthe longiscapa lives in the 

barren, extrem
ely dry A

tacam
a desert – its seeds 

can lie dorm
ant for m

any years, yet germ
inate 

rapidly and explode into a short-lived riot of deep 
pink flow

ers on the very rare occasion that rain 
should fall. 

Speaking about the part her lab played in the 
PR

ESTA
 project, W

arw
ick’s (and G

A
R

N
et’s!) 

K
atherine D

enby show
ed us som

e of the com
plex, 

intricate transcriptional netw
ork m

odels used to 
predict, test and reveal interactions betw

een genes 
involved in A

rabidopsis’ defence against B
otrytis 

cinerea, w
hile C

hina’s X
inguang Z

hu explained 
that w

hen it com
es to photosynthesis, it’s not all 

about the leaf. H
is research has show

n that sim
ply 

increasing the photosynthetic rate of the leaf can 
in fact have negative consequences for canopy 
photosynthesis – his 3D

 internal leaf m
odels 

sim
ulating cell structures, w

ater and m
etabolite 

m
ovem

ent w
ere quite stunning. 

Finally in this session, Elizabete C
arm

o Silva 
from

 Lancaster U
niversity talked about high-

throughput phenotyping in the field, and potato 
root architecture w

as the them
e of the presentation 

m
ade by A

w
ais K

han from
 the International Potato 

C
enter in Peru. 

Last but not least…
A

t the end of a fascinating day of great science, 
w

e heard som
e short talks from

 up and com
ing 

C
ystanthe longiscapa bursting into flow

er Photo: Juan 
B

enavente B
aghetti Flickr
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researchers w
hose posters had been selected for 

an oral presentation: m
ake sure to look up the 

aw
esom

e w
ork of rising stars Elizabeth N

eilson 
from

 the U
niversity of C

openhagen, N
icolas 

Franck from
 U

niversidad de C
hile, C

ristina 
B

arrero-Sicilia from
 R

otham
sted, and A

m
elia 

Frizell-A
rm

itage from
 the John Innes C

entre! 

D
ay 2 – the discussion forum

B
ut the Stress R

esilience Sym
posium

 didn’t end 
there…

 The next day a sm
aller group of invited 

experts returned to the m
eeting venue for som

e in 
depth discussion and debate. The aim

 of the day 
w

as to prepare the ground for a forthcom
ing G

PC
 

report, w
hich w

ill highlight the specific challenges 
facing plant science in term

s of developing stress 
resilient crops and cropping system

s, and outline 
som

e potential solutions that the plant science 
com

m
unity – and those beyond it – can initiate to 

m
eet these challenges.

The day began w
ith a series of short presentations 

about exem
plar large-scale projects in the area 

of stress resilience, including G
PC

 President B
ill 

D
avies, w

ho talked about his collaborative w
ork in 

C
hina to im

prove agricultural w
ater use efficiency, 

and in India, w
here the sim

ple ‘alternative 
w

etting and drying’ technique is building a m
ore 

sustainable agricultural system
; Jianbo Shen from

 
the C

hinese A
gricultural U

niversity, w
ho spoke 

on the subject of im
proving the sustainability of 

nutrient use in C
hinese agriculture; and R

oberto 
Tuberosa from

 the U
niversity of B

ologna on 
“the great project w

ith a terrible acronym
”, 

ID
uW

U
E: Im

proving D
urum

 W
heat for W

ater 
U

se Efficiency. 

Inspired by hearing about these successful 
international projects, attendees then split off 
into breakout groups to discuss w

hat they felt 
to be the key challenges facing stress resilience 
research in the w

orld today, and the areas in 
w

hich plant scientists around the w
orld need 

to com
e together to m

itigate these challenges. 

U
nsurprisingly, this session w

as lively and 
anim

ated, w
ith several differences of opinion, 

but each thought w
as a valuable and useful 

contribution to the assessm
ent of the global 

landscape. Participants talked about the current 
regulatory clim

ate, particularly surrounding 
G

M
 and gene edited crops; the need for silos 

of know
ledge to be linked and shared, and for 

effective technology transfer to m
ake sure that 

the science w
e do in the lab has im

pact in the 
field – and in the fields w

here that science is m
ost 

needed. 

A
fter a long but fruitful tw

o days of great science, 
effective know

ledge and ideas sharing, the Stress 
R

esilience forum
 ended w

ith a team
 photo and 

further opportunities for “netw
orking” by the hotel 

pool (or for the A
ustralian participants am

ong 
us, the A

rgentina vs. A
ustralia R

ugby W
orld C

up 
Sem

i Final!). The G
PC

 is now
 com

piling an official 
report, based on the discussions at the m

eeting, 
w

hich w
e hope w

ill provide a pow
erful and 

realistic call to action for stress resilience scientists 
across the globe to com

e together. W
atch this 

space! 

Thanks to O
liver K

ingham
 and Paul H

utchinson 
from

 the SEB, Professors V
icky B

uchanan-
W

ollaston and Jim
 B

eynon from
 the U

niversity 
of W

arw
ick, Professor B

ill D
avies from

 Lancaster 
U

niversity and A
ndrew

 B
orrell from

 the U
niversity 

of Q
ueensland for their help in m

aking this 
sym

posium
 possible. 
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T
he M

icrophenotron: a new
 

phenotyping
 platform

 for chem
ical 

g
enetic screens 

P
rofessor B

rian Forde
Lancaster U

niversity 

B
y using sm

all m
olecules rather than genetic 

m
utations to disrupt protein function, chem

ical 
genetics offers a num

ber of advantages over 
conventional genetics for investigating biological 
processes and for gene discovery. C

hem
ical 

genetics has had som
e notable successes in 

plants but has not been as w
idely adopted by 

plant scientists as by researchers in other fields. 
A

 crucial reason for this has been the difficulty of 
com

bining detailed phenotypic analysis of w
hole 

seedlings in a high-throughput form
at w

ith the 
experim

ental constraints im
posed by the need 

to treat the seedlings w
ith thousands of different 

chem
icals.

 To address this issue, a new
 robotic facility has 

been developed w
ith B

B
SR

C
 funding at Lancaster 

U
niversity. The ‘M

icrophenotron’ is the result of a 
m

ultidisciplinary collaboration betw
een biologists 

and engineers at Lancaster and com
puter scientists 

at the U
niversity of N

ottingham
. The facility m

akes 
it possible for the first tim

e to perform
 a detailed 

phenotypic analysis of both root and shoot 
developm

ent in a form
at suitable for chem

ical 
genetic screens.

A
t the heart of the M

icrophenotron is the 

‘Phytostrip’, a custom
-m

ade strip of eight flat-sided 
grow

th tubes that are filled w
ith nutrient agar, 

allow
ing the developing root system

 to be readily 
im

aged (see figure) w
hile chem

ical treatm
ents are 

applied by diffusion from
 below

. The technology is 
based on the sam

e principle that w
as successfully 

used in a m
anual screen for antagonists of 

glutam
ate’s effect on root architecture [1]. The 

robotic version is capable of handling up to 27 
m

icrotitre plates at a tim
e and of autom

atically 
capturing im

ages from
 >

2000 individual assays 
each day to allow

 the tim
e course of seedling 

developm
ent to be tracked. (A

 YouTube video 
show

s the M
icrophenotron in action [2]). Im

age 
analysis softw

are that w
ill autom

atically quantify 
m

ultiple aspects of root and shoot developm
ent is 

being developed by A
ndy French and M

ike Pound 
at N

ottingham
 U

niversity.

In its current form
 the technology w

ill be best 
suited to chem

ical genetic screens designed 
around the ability of sm

all m
olecules to m

odify 
one or m

ore developm
ental traits (or leaf colour), 

but in future this can be expanded to include traits 
that require im

aging at non-visible w
avelengths. 

A
nyone w

ith a potential interest in using the 
M

icrophenotron for their research, either on a 
collaborative basis or as a service, is encouraged 
to contact B

rian Forde (b.g.forde@
lancaster.ac.uk; 

tel. 01524 593496).
1- Forde B

G
, C

utler S, Z
am

an N
, &

 K
rysan PJ (2013) Plant J. 

75:1-10.
2- The M

icrophenotron. https://w
w

w
.youtube.com

/w
atch?v=

-
m

nsfi2u2kY



27
26

G
A

R
N

ish
S

potlight on Q
M

U
L

S
potlig
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 Q
ueen M

ary U
niversity London 

K
indly com

plied by R
ichard B

ug
g

s

A
lexander R

uban
a.ruban@

qm
ul.ac.uk

http://w
ebspace.qm

ul.ac.uk/
aruban

O
ur lab is engaged in m

echanistic 
photosynthesis research. O

ur 
m

ultidisciplinary approach applies 
m

olecular spectroscopy, biophysics, biochem
istry 

and m
olecular biology to im

portant problem
s 

in plant physiology. Specifically, the role of the 
various com

ponents (proteins, lipids and pigm
ents) 

and m
acrostructure in the functions and adaptive 

m
echanism

s of the photosynthetic m
em

brane 
related to light harvesting and photoprotection in 
plants and algae. In addition w

e are interested in 

the universal properties of carotenoids in biological 
m

em
branes, the m

olecular dynam
ics of these 

m
olecules in the m

odulation of m
em

brane protein 
conform

ation and their functions (sum
m

arised 
in the recent book: R

uban, A
.V. (2012) The 

Photosynthetic M
em

brane: M
olecular M

echanism
s 

and B
iophysics of Light H

arvesting. W
iley-

B
lackw

ell). 

O
ur research has contributed to the fundam

ental 
understanding of the m

olecular design of the 
photosynthetic light harvesting m

achinery and 
w

e have confirm
ed the key role of LH

C
II antenna 

aggregation in the m
ajor photoprotective process in 

the photosynthetic m
em

brane, N
PQ

 and introduced 
the concepts of light adaptation ‘m

em
ory’ via the 

allosteric action of the xanthophyll cycle, robust 
genetic design of the light harvesting antenna. W

e 
discovered the photoprotective m

olecular sw
itch 

in the Photosystem
 II antenna that shortens the 

chlorophyll excited state lifetim
e, protecting the 

thylakoid m
em

brane from
 photo-oxidative dam

age 
and that dynam

ics of antenna proteins is tuned by 
the polarity and structure of bound xanthophyll co-
factors. 

A
lexandre R

uban: Light harvesting proteins of the photosynthetic m
em

brane

	
  
A

lexander R
uban

R
ecently w

e established that the m
ain 

photoprotective process in plants, N
PQ

, has 
an econom

ic nature and developed a novel 
m

ethodology for assessm
ent of the photoprotective 

effectiveness of N
PQ

.

C
hristopher D

. P. D
uffy

c.duffy@
qm

ul.ac.uk

http://w
w

w
.sbcs.

qm
ul.ac.uk/staff/

christopherduffy.htm
l

O
ur focus deals w

ith 
understanding the first 
m

om
ents of photosynthesis, 

the capture of energy by 
pigm

ents in the antenna 
com

plex and its transfer to the reaction centres. 
This process is fast (occurring on a fem

to- to pico-
second tim

escale) and governed by the law
s of 

quantum
 m

echanics. W
ith such processes being 

difficult to understand from
 a purely experim

ental 
perspective I use m

y background in theoretical 
physics to address the question of w

hat m
akes 

this process so efficient and, m
ore im

portantly, so 
flexible an adaptive in a light environm

ent that 
fluctuates intensely and rapidly. 

M
y m

ain area of interest concerns the second 
class of photosynthetic pigm

ents, the carotenoids. 
Their roles in photosynthesis are varied. Their rigid, 
hydrophobic structure m

eans they define the 
structure and stability of light-harvesting pigm

ent 
com

plexes, they harvest light of w
avelengths 

not covered by chlorophylls, they provide anti-
oxidant protection, and they are involved in 
the photoprotective dissipation of the harm

ful 
excess energy that accum

ulates in the antenna 
follow

ing sudden bursts of high light. From
 a purely 

physical point of view
 these pigm

ents are equally 
fascinating, being a natural exam

ple of a ‘strongly 

G
A

R
N

ish
S

potlight on Q
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U
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correlated’ system
, possessing a com

plex electronic 
structure and unusual optical properties such a 
highly dissipative, ‘dark’ state intim

ately linked to 
their photoprotective function. 

Theoretical m
odelling of photosynthetic structures 

has been invaluable to understanding these 
processes. H

ow
ever, their strongly correlated 

nature previously rendered it im
possible to include 

carotenoids in such m
odels. M

y theoretical research 
has rectified this, yielding the first ‘all-pigm

ent’ 
m

odel of plant light-harvesting com
plexes, allow

ing 
for the first m

icroscopic, structure-based m
odel of 

the m
echanism

s of excess energy dissipation in the 
photosynthetic antenna of plants.
 This approach related the fundam

ental properties 
of these pigm

ents to the new
ly-discovered aspect of 

the photo-protective regulation of light-harvesting, 
its slow

 or ‘econom
ic’ nature, offering gentle 

protection to the organism
 w

ithout disrupting norm
al 

photosynthetic function. These m
athem

atical tools 
are allow

ing m
y collaborators (both experim

ental 
and theoretical) and I to develop a general 
understanding of carotenoid photosynthetic function, 
answ

ering questions such as: W
hat m

akes the sam
e 

pigm
ent act as a light-harvester in one protein but a 

photoprotective dissipater in another? W
hat factors 

ultim
ately control the incredible efficiency and 

adaptability of these photosynthetic system
s? C

an 
these physical principles be applied to artificial, bio-
inspired or hybrid solar devices?

C
onrad M

ullineaux
c.m

ullineaux@
qm

ul.ac.uk

http://w
w

w
.sbcs.qm

ul.ac.uk/staff/
conradm

ullineaux.htm
l

W
e are interested in all aspects of the cell biology 

of cyanobacteria. A
 long-standing interest is in the 

C
hris D

uffy
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thylakoid m
em

brane, its organisation, biogenesis 
and dynam

ics, and how
 these aspects relate to 

photosynthetic function, especially the regulation 
of light-harvesting and electron transport. W

e 
w

ant to know
 how

 and w
here the com

ponents of 
the thylakoid m

em
brane are assem

bled, how
 the 

different m
em

brane com
ponents are distributed and 

how
 the m

em
brane w

orks as a dynam
ic system

. 
Through collaborations w

e have extended our 
w

ork from
 cyanobacteria to their close relatives the 

chloroplasts, and w
e also look at related problem

s 
in non-photosynthetic bacteria.

W
ider interests in cyanobacterial cell biology 

include cell-cell com
m

unication in filam
entous 

cyanobacteria, w
here w

e have helped to identify 
and characterise structures that allow

 sm
all 

m
olecules to diffuse across the cell junctions. 

These structures are key to the m
ulticellular lifestyle 

of these com
plex prokaryotes. A

 current interest 
is in m

otility and phototaxis in the unicellular 
cyanobacterium

 Synechocystis, w
here w

e recently 
found that the cell is able to perceive light direction 
because it acts as a tiny spherical lens.

A
 key technique for all our areas of investigation 

is fluorescence m
icroscopy, often com

bined w
ith 

fluorescent protein tagging to allow
 us to identify 

the sub-cellular location and dynam
ic behaviour 

of specific cell com
ponents. W

e com
plem

ent the 
fluorescence m

icroscopy w
ith spectroscopy and 

various form
s of electron m

icroscopy to give higher-
resolution view

s of the cell.

G
uy H

anke
g

.hanke@
qm

ul.ac.uk 

http://w
w

w
.g

uyhanke.
info

W
e w

ould be dead w
ithout 

photosynthesis. W
e depend 

on its products in crop plants 
to supply our food, and in 
fossil plants to support m

ost of our energy needs. 
W

hen harvesting light energy, plants exquisitely 
regulate how

 this energy is distributed into different 
bioassim

ilatory, biosynthetic and protective 
pathw

ays. A
 fundam

ental part of im
proving 

traditional agricultural crops and generating new
 

m
icrobial bioenergy crops w

ill be to optim
ise 

energy distribution into these pathw
ays. The aim

 of 
our research is to identify the m

olecular and genetic 
m

echanism
s that control energy distribution in crop 

plants and cyanobacteria, and to m
anipulate them

 
for the im

provem
ent of agronom

ic traits.

O
ur research focuses on the interface betw

een 
energy generation in chloroplasts (at the thylakoid 
m

em
brane) and its distribution to soluble enzym

es, 
both inside and outside the chloroplast. To do this 
w

e focus on electron carrier proteins, including 
ferredoxins and ferredoxin:N

A
D

PH
 oxidoreductase 

enzym
es. There is a great abundance of genes 

encoding these proteins (e.g. m
aize genom

e 
encodes at least 10 genes for ferredoxin). O

ur 

C
onrad M

ullineaux

G
uy H

anke
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w
ork has show

n that by m
anipulating the relative 

am
ounts of these different isoform

s, plants can 
alter their energy investm

ent into different areas of 
m

etabolism
. 

A
ndrew

 Leitch
a.r.leitch@

qm
ul.ac.uk 

https://evolve.sbcs.qm
ul.ac.uk/leitch/

W
e have a focus on the processes and 

consequences of interspecific hybridisation and 
polyploidisation in plants, as w

ell as an interest 
on the origin and ecological consequence of plant 
genom

e sizes. 
O

ur five overlapping them
es of research are:

Polyploidy

I have over m
any years studied polyploidy in 

a range of species and genera, especially in 
N

icotiana, Triticum
, R

ubus, A
gave, Spartina, 

Tragopogon and others. W
e have three central 

questions: [1] W
hat are the genetic consequences 

of polyploidy for genes and genom
e structures? [2] 

W
hy are polyploids so successful in angiosperm

s? 
[3] W

hat are the costs of polyploidy in ecology?

Ecological G
enom

ics

The focus of this research is to study the 
fundam

ental role that genom
e size and polyploidy 

plays as a sink for both N
itrogen (N

) and 
Phosphorous (P), and in influencing photosynthesis 
efficiency, both influencing plant com

petitiveness. 
W

e also study how
 genom

e size and polyploidy 
have cascading effects at m

ultiple levels of 
biodiversity, from

 the genom
e to the ecosystem

. 
O

f particular im
portance to this study is how

 the 
huge 2,400-fold range in angiosperm

 genom
e sizes 

influences ecology and shapes the distribution 
and persistence of biodiversity, particularly 
in environm

ents w
ith lim

iting N
 and P. The 

findings from
 the proposed research w

ill be 
fundam

ental, and aim
s to add new

 dim
ensions to 

our understanding of ecology.

Epigenetics

Epigenetic m
echanism

s involved in constraining 
repeat am

plification and m
obility m

ay not be the 
sam

e across all land plants, in particular they m
ay 

be different in gym
nosperm

s w
hen com

pared 
to angiospem

s and this m
ight contribute to their 

m
ore stable genom

es over tim
e (Leitch A

R
, Leitch 

IJ. 2012. Ecological and genetic factors linked 
to contrasting genom

e dynam
ics in seed plants. 

N
ew

 Phytologist 194: 629-646). W
e have three 

central questions: [1] H
ow

 does polyploidy 
perturb epigenetics processes? [2] Is gym

nosperm
 

epigenetics different, and if so in w
hat w

ay and 
w

hat are the consequences? [3] H
ow

 does R
dD

M
 

im
pact genom

e evolution, in particular the 
evolution of giant genom

es?

G
iant G

enom
es

Large-scale com
parative analyses of plant genom

e 
sizes have show

n that plants w
ith large genom

es 
are at greater risk of extinction, are less adaptable 

A
ndrew

 Leith
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to living in polluted soils, and are less able to 
tolerate extrem

e environm
ental conditions, clearly 

dem
onstrating that G

S has ecological consequences 
w

hich shape the distribution and persistence of 
biodiversity. G

enom
e size in angiosperm

s (flow
ering 

plants) varies by an astonishing 2,400-fold range, the 
largest range for any com

parable group (e.g. m
am

m
als 

and birds vary only 5- and 2-fold respectively). W
e 

aim
 to understand the underlying processes that 

give rise to plants w
ith giant genom

es asking: [1] 
W

hich sequences m
ake up these giants? [2] W

hy do 
plant genom

es becom
e so huge? [3] W

hy are m
any 

giant genom
es are found in gym

nosperm
s. [4] W

hy 
do m

any species w
ith giant genom

es are rare and 
endangered.

Telom
eres

W
e are interested in the evolution of plant telom

ere 
m

otifs. In particular w
e show

ed that in the divergence 
of the plant order A

sparagales, the telom
ere m

otif 
(TTTA

G
G

G
)n, w

hich is thought typical of plants w
as 

replaced w
ith a (TTA

G
G

G
)n m

otif, m
ore usually 

associated w
ith vertebrates. W

e also show
ed that w

ith 
the divergence of A

llium
 (onion), this new

 TTA
G

G
G

-
type m

otif w
as itself replaced by another, as yet 

G
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unknow
n telom

ere m
otif. W

e also found that in the 
plant fam

ily Solanaceae, a group of closely related 
genera, C

estrum
, Sessia and V

estia, also lost the 
TTTA

G
G

G
-type telom

ere m
otif, and the sequence 

that replaced it is also unknow
n. In collaboration 

w
ith D

r Jiri Fajkus, w
e are studying the evolution of 

plant telom
eres. 

R
ichard B

ug
g

s
r.bug

g
s@

qm
ul.ac.uk 

https://evolve.sbcs.qm
ul.ac.uk/bug

g
s/

richard-bug
g

s/

I am
 interested in the m

echanism
s of evolution. 

H
ow

 do new
 species originate? H

ow
 are they 

m
aintained? W

hat causes them
 to go extinct?

M
y lab w

orks on genom
ic aspects of the evolution 

and conservation of plants, especially trees. W
e 

have active research program
m

es in three areas:

(1) Phylogenom
ics of the ash tree genus Fraxinus

A
sh trees in B

ritain, Europe and N
orth A

m
erica are 

R
ichard B

uggs discussing A
sh D

ieback D
isease.
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threatened by ash dieback and the em
erald ash 

borer. W
e are using phylogenom

ic approaches to 
find genetic variants in A

sh species that reduce their 
susceptibility to these tw

o health problem
s. W

e 
have sequenced the genom

e of a B
ritish A

sh tree 
(Fraxinus excelsior) w

ith funding from
 N

ER
C

 (see 
w

w
w

.ashgenom
e.org). Postdoc Laura Kelly is now

 
sequencing the genom

es of 35 other A
sh species 

from
 around the w

orld, funded by the B
B

SR
C

, 
D

efra, N
ER

C
, ESR

C
, Scottish G

overnm
ent and 

Forestry C
om

m
ission. W

e are screening different 
A

sh species for susceptibility to ash dieback and 
the em

erald ash borer, in collaboration w
ith Forest 

R
esearch (R

oslin) and the U
nited States Forest 

Service (O
hio). W

e w
ill seek gene trees that have a 

topology m
atching the pattern of susceptibility of 

the species to each health problem
. 

(2) B
irch trees on Scottish m

ountains.

D
w

arf B
irch is rare and found m

ainly above the tree 
line, w

hereas D
ow

ny B
irch is w

idespread below
 

the tree line. The tw
o species hybridise a great 

deal. W
e are using new

 D
N

A
 sequencing m

ethods 
to w

ork out how
 the tw

o species m
aintain their 

identity in the face of hybridisation, and the extent 
to w

hich hybridisation im
pedes the conservation 

of dw
arf birch. W

e are especially interested in how
 

global w
arm

ing affects the dynam
ics of this system

. 
This w

ork is funded by a Fellow
ship from

 the 
N

atural Environm
ent R

esearch C
ouncil. W

e have 
recently sequenced the w

hole genom
e of B

etula 
nana (w

w
w

.birchgenom
e.org).

(3) H
ybridisation of Tragopogon species (D

aisy 
fam

ily) in south-east England.

W
e are studying diploid hybridisation betw

een 
Tragopogon pratensis and T.porrifolius, w

hich 
results in T. x m

irabilis. W
e have found abundant 

hybrids in natural m
ixed populations in London 

and have prelim
inary evidence that they are 

reproducing. This w
ork is funded by a pum

p-

prim
ing SY

N
TA

X
 grant in collaboration w

ith 
A

ndrew
 and Ilia Leitch. 

E
m

ily L
ines

e.lines@
qm

ul.
ac.uk

w
w

w
.g

eog
.qm

ul.
ac.uk/staff/linese.
htm

l

M
y research is 

focussed on large-
scale questions about 
terrestrial vegetation, such as how

 clim
ate controls 

vegetation dynam
ics; answ

ering such questions 
requires com

bining large datasets w
ith biological 

theory on plant functioning. 

A
 m

ajor area of research has been exploiting 
large forest inventory datasets to answ

er broad 
questions on the role of clim

ate and com
petition 

on forest processes in Europe, N
orth A

m
erica and 

N
ew

 Z
ealand. This has involved em

pirical studies, 
testing m

etabolic scaling theory w
ith large-scale 

data and developing m
odels of forest functioning.

A
 lack of sufficient ground data in m

any forested 
areas to address these questions has led m

e 
to a second area of research: the use of Earth 
O

bservation data to understand forest functioning. 
G

round and rem
ote sensing data can be integrated 

using data assim
ilation approaches coupled to 

radiative transfer m
odels to retrieve inform

ation on 
ecosystem

 structure and function. 

This research develops m
ethods to integrate 

rem
ote sensing data into land surface m

odels, 
to understand the im

pact of canopy structural 
heterogeneity on the rem

ote sensing signal and 
to use statistical em

ulators of radiative transfer 
m

odels to im
prove assim

ilation.

Em
ily Lines
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Food quality, safety and security are m
ajor 

w
orldw

ide challenges draw
ing increasing attention 

from
 both policy m

akers and businesses. A
t 

C
ranfield w

e are w
ell know

n for our closeness 
to industry, offering relevant, practical and 
transform

ational research, w
ith over 80%

 of 
our business com

ing from
 sources other than 

G
overnm

ent. A
grifood is one of the U

niversity’s 
eight key strategic them

es and it is the m
ost rapidly 

expanding: w
e expect to increase our capacities 

in the com
ing years through our substantive 

involvem
ent in tw

o of the forthcom
ing governm

ent-
funded A

griTech C
entres of Innovation viz. A

gri-
EPI C

entre (for precision A
gEng research) and the 

C
entre for C

rop H
ealth A

nd Protection (C
H

A
P), 

w
here C

ranfield w
ill deliver the soil health 

com
ponent. These new

 ventures and internal 
funding am

ount to a ca. £12 m
illion capital 

investm
ent in the next tw

o years. In addition, w
e 

w
ill recruit ten new

 academ
ics in 2016 in the 

areas of plant science, postharvest technology, soil 
science, bioinform

atics and agricultural engineering 
and w

ill be developing our 
research portfolio in basic 
plant and soil sciences to 
underpin our applied w

ork.

W
e are an exclusively 

postgraduate university, w
ith 

over 50 PhD
 students in the 

A
grifood Them

e alone – this 
w

ill double by 2018-2019, 
prim

arily through internal 
funding. In addition, w

e are a 
m

em
ber of tw

o D
octoral 

Training C
entres:  Soil 

Training A
nd R

esearch Studentships (STA
R

S) and 
D

ata, R
isk and Environm

ental A
nalytical M

ethods 
(D

R
EA

M
). O

ur A
grifood M

Sc courses explore the 
integrated nature of our food supply chains and 
the ongoing need to increase their econom

ic and 
ecological sustainability, draw

ing on the latest 
technologies and inform

atics tools. W
e also provide 

short courses for professionals w
orking in the 

A
grifood sector.

Leon Terry
l.a.terry@

cranfield.ac.uk
http://w

w
w

.cranfield.ac.uk/
P

rofessor�20
Leon�20

A
�20

Terry

P
ostharvest dorm

ancy, 
storag

e and shelf-life
I w

as appointed as the D
irector of 

A
grifood in 2014. The role focuses on 

leading C
ranfield’s activities in agriculture, food 

research and teaching across the U
niversity. In 

addition, I have established C
ranfield U

niversity 
as one of the largest and best equipped groups 
dedicated to research, consultancy and education 
in postharvest science in the EU

.  M
y scholarship 

is centred on understanding the physiological, 
biochem

ical and m
olecular m

echanism
s w

hich 
govern dorm

ancy, ripening and senescence of fruits, 
tubers, bulbs, roots and vegetables. I am

 funded by 
the EU

, overseas governm
ents, the U

K
 G

overnm
ent 

and its agencies (D
efra, B

B
SR

C
, EPSR

C
, D

FID
, 

Innovate U
K

 and A
H

D
B

), and w
e have continued 

to secure substantial repeat-funding from
 industry 

(U
nilever, PepsiC

o, Johnson M
atthey). I am

 an 
appointed m

em
ber of the B

B
SR

C
 A

griculture and 
Food Security Strategy A

dvisory Panel (A
FS SA

P) 
2015-2018.

A
ndrew

 T
hom

pson
a.j.thom

pson
@

cranfield.ac.uk
w

w
w

.cranfield.ac.uk/athom
pson

P
lant m

olecular g
enetics: from

 
phytohorm

ones to rootstocks 
The V

incent B
uilding, hom

e 
of A

griFood R
esearch

Leon Terry

G
A

R
N

ish
S

potlight on C
ranfield U

niversity

O
ur research interests in abscisic acid biosynthesis 

have led to various projects in w
ater use efficiency 

(W
U

E), root developm
ent, root-to-shoot signalling 

and studies of dorm
ancy in storage organs and 

seeds. M
y research seeks to understand and 

exploit genetic variation in W
U

E in horticultural 
crops such as tom

ato and the vegetable brassicas 
using transgenic, Q

TL and allele m
ining 

approaches. W
e have developed a range of 

‘high A
BA’ germ

plasm
 that has show

n increased 
w

ater uptake and w
ater use efficiency and the 

ability to confer salinity tolerance w
hen used as 

rootstocks. The m
ajority of fresh m

arket tom
ato 

and m
elon crops are grow

n on rootstocks, and 
w

e are developing an understanding of genetic 
loci that control rootstock vigour and horm

onal 
signalling for use in rootstock breeding. Secondary 
dorm

ancy and low
 seed vigour can lead to poor 

crop establishm
ent in drilled crops; to address 

this our group have collaborated w
ith chem

ists to 
develop novel horm

one biosynthesis inhibitors 
that break dorm

ancy and have potential uses as 
seed treatm

ents. This chem
ical genetic approach 

has also led to the discovery of new
 signalling 

pathw
ays in root branching. 

G
uy K

irk
g

.kirk@
cranfield.ac.uk

w
w

w
.cranfield.ac.uk/g

kirk

S
oil system

s and processes
M

y research focuses on physical, chem
ical and 

biological processes in soils; how
 to quantify 

soil properties and functions; and how
 to m

odel 
soil system

s at scales from
 the m

icrobial to the 
continental. O

ur current interests are in the 
biogeochem

istry of subm
erged soils, trace elem

ent 
and m

etal uptake by rice plants, radionuclides 
uptake by plants, and plant-soil-m

icrobe 
interactions controlling soil carbon balances. I 
collaborate w

idely and internationally w
ith plant 

breeders and physiologists, geochem
ists, and 

m
athem

atical m
odellers. M

y research has been 
continuously funded by B

B
SR

C
 and N

ER
C

 since 
starting at C

ranfield in 2003.  I am
 a Fellow

 of the 
R

oyal Society of C
hem

istry.

J
erry K

nox
j.knox@

cranfield.ac.uk
w

w
w

.cranfield.ac.uk/jknox

Irrig
ation science and ag

ricultural w
ater 

resources m
anag

em
ent

M
y research interests are in the science, 

engineering and m
anagem

ent of w
ater resources 

for irrigated agriculture and horticulture, including 
understanding the relationships betw

een resource 
availability, crop productivity (yield and quality) 

A
ndrew

 Thom
pson: w

e aim
 to understand the genetic 

basis of drought resistance and w
ater use effi

ciency in 
Solanum

 chilense, a w
ild relative of tom

ato. 

10 hill -15 hill -1

1 hill -1

G
uy K

irk: w
e investigate w

hy som
e rice genotypes are 

m
uch m

ore effi
cient in absorbing soil zinc
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and the environm
ent, and the 

sustainability of production in 
response to abiotic stress and 
longer term

 clim
ate variability. I am

 
currently w

orking on biophysical 
m

odelling, dem
and forecasting, 

precision irrigation engineering and 
clim

ate im
pacts and adaptation in 

agriculture. M
y research is funded 

by U
K

 and international public 
and private sector agencies including N

ER
C

, the 
B

elm
ont Forum

, A
H

D
B, U

N
 FA

O
 and the EC

.

P
aul B

urg
ess

p.burg
ess@

cranfield.ac.uk
w

w
w

.cranfield.ac.uk/pburg
ess

Tree and crop ecolog
y 

O
ur research focus is on the biological and 

econom
ic m

odelling of crop responses in the field.  
M

y PhD
 w

as on the responses of tea cultivars to 
drought and tem

perature change in East A
frica 

and this continues to be an area of interest.  I am
 

currently the co-ordinator of the EU
-sponsored 

“A
G

FO
RW

A
R

D
” project (w

w
w

.agforw
ard.eu) that is 

w
orking w

ith 40 farm
er-stakeholder groups across 

15 countries in Europe to im
prove the profitability 

and viability of agroforestry system
s (farm

ing w
ith 

trees). The project includes the field-selection of 
durum

 w
heat varieties adapted to shade (by IN

R
A

, 

France), and the developm
ent of agroforestry-

adapted arable crops by the O
rganic R

esearch 
C

entre at W
akelyns A

groforestry in Suffolk. O
ther 

research in the project addresses the m
odelling of 

crop and tree yields (and their interactions) using 
bio-econom

ic m
odels, and the responses of w

inter 
w

heat and oilseed rape to different m
inim

um
 

cultivation m
ethods.

Fady M
ohareb

f.m
ohareb

@
cranfield.ac.uk

w
w

w
.cranfield.ac.uk/fm

ohareb

N
G

S
 inform

atics, m
achine 

learning
 and pattern 

recog
nition

O
ur research focuses on the 

developm
ent and application of 

com
putational m

ethods in order 
to unravel the com

plexity of 
biological system

s. This includes 
the application of m

achine learning and pattern 
recognition to predict quality and safety indices in 
food, and the developm

ent of m
athem

atical m
odels 

to detect adulteration in m
eat products. I also lead 

the N
G

S inform
atics w

ork at C
ranfield: de novo 

genom
e assem

bly of strategically im
portant plant 

species, transcriptom
ic analysis and genotyping-

by-sequencing, and I collaborate closely w
ith 

colleagues w
orking on genom

ics, transcriptom
ics 

and m
etabolom

ics in plant science and m
ycology. 

In addition I run the A
pplied B

ioinform
atics 

M
Sc course w

hose alum
ni now

 populate m
any 

m
olecular biology and bioinform

atics labs.

N
aresh M

ag
an

n.m
ag

an
@

cranfield.ac.uk
w

w
w

.cranfield.ac.uk/nm
ag

an

A
pplied M

ycolog
y for food safety and 

quality
I have been carrying out research in applied 
aspects of m

ycology for over 30 years and 
I specialise in the application of fungal 

Jerry K
nox

Paul B
urgess w

orks on agroforestry system
s

Fady M
ohareb

G
A

R
N

ish
S

potlight on C
ranfield U

niversity

technology in the food and environm
ent sectors.

M
y current interests include m

olecular ecology and 
ecophysiology of spoilage and m

ycotoxigenic fungi 
in food production system

s, particularly in relation 
to grain production and storage. I am

 also w
orking 

on the im
pact of clim

ate change factors on fungal 
diseases and m

ycotoxigenic fungi, biocontrol of 
fungal pathogens and pests, and electronic nose 
technology for early detection of m

icrobes for food/
environm

ent/health applications.

S
oil S

ciences at C
ranfield

C
ranfield has expertise in soil system

s, soil and 
land m

anagem
ent, spatial geosciences, and soil 

spatial inform
ation. R

ob Sim
m

ons recently w
on a 

prestigious K
TP aw

ard for his w
ork on establishing 

a Soil Inform
ation M

anagem
ent System

 ‘Soil-
for-Life®

’ w
hich allow

s Produce W
orld to m

ap, 
assess and m

onitor soils across their business. H
e 

is also undertaking m
ultiple projects investigating 

practical and adoptable soil erosion control options 
for m

aize and U
K

 row
 crops. Jane R

ickson’s 
interests include the costs of soil degradation 
and loss of ecosystem

 goods and services. R
uben 

Sakrabani is w
orking on application of organic 

am
endm

ents to soils. The focus of M
ark Paw

lett’s 
research is on the interface betw

een the plant 
and soil biological system

s, targeting sustainable 
m

anagem
ent practices (agricultural, horticultural, 

turfgrass, restoration) to im
prove soil health. Lynda 

D
eeks is a B

B
SR

C
/N

ER
C

 H
orticulture and Potato 

K
now

ledge Exchange Fellow
 w

ith research interests 
in soil structure, the causes and am

elioration of 

soil com
paction and the 

control of diffuse pollution; 
Jacqueline (Jack) H

annam
 

focuses on understanding 
how

 soils change spatially, 
using digital soil m

apping 
techniques to predict soil 
type and properties in the 
landscape.

A
g

ri-inform
atics at C

ranfield

C
ranfield has expertise on the role of com

putational 
analytical approaches and data-driven processes 
and m

ethodologies for addressing key pressing 
societal challenges across the environm

ental, 
agricultural and biological dom

ains.  R
esearchers 

in this group include A
bdul M

ouazen w
ho is 

com
bining cutting-edge sensor and system

 control 
technology w

ith predictive m
odelling of the soil-

plant-w
ater system

 at field/sub-field scales; he 
has led num

erous projects around precision bio-
engineering of farm

ing system
s.  Toby W

aine’s 
expertise is in developing predictive intelligence 
from

 crop and soil data from
 a w

ide range of 
data sources including the utilisation of earth 
observation (EO

) and satellite navigation space 
assets. Stephen H

allett is responsible for C
ranfield’s 

N
ational Land Inform

ation System
 (LandIS), 

containing com
prehensive soil and related near-

earth environm
ental inform

ation for England and 
W

ales. C
ranfield also provides a safe repository 

for the W
orld Soil Survey A

rchive and C
atalogue 

(W
O

SSA
C

). R
on C

orstanje is focused on developing 
the m

odelling tools (statistical or quasi-m
echanistic) 

that can assem
ble, m

anipulate and com
m

unicate 
m

eaningful outcom
es from

 large soil datasets; 
Tho

m
as M

ayr is an expert in digital soil m
apping 

w
ho has recently com

pleted the first phase of the 
Irish Soils Inform

ation System
.

N
aresh M

agan: W
e study the optim

um
 and m

arginal environm
ental conditions for 

m
ycotoxin production and fungal grow

th in the context of clim
ate change. 
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B
ioim

ag
ing

 at O
xford B

rookes 
U

niversity,

K
indly com

plied by J
oe M

cK
enna

They say seeing is believing and that is a view
 w

e 
follow

 at O
xford B

rookes. Plant cell biology is 
one of the key research groups located w

ithin the 
departm

ent of B
iological and M

edical Sciences 
and w

as established in 1989. W
e have a w

ide 
range of expertise in electron and light m

icroscopy 
coupled w

ith w
orld class bioim

aging system
s. 

The departm
ent recently invested in a Z

eiss 880 
confocal m

icroscope equipped w
ith A

iryscan, 
allow

ing us to perform
 live cell super resolution 

im
aging. In addition, through B

B
SR

C
 funding and 

in collaboration w
ith the university of O

xford 
w

e have a Serial B
lock Face Scanning Electron 

M
icroscope (SB

F-SEM
) system

. This allow
s high 

resolution 3D
 reconstructions of cells and tissue, 

allow
ing us to probe the inner w

orkings of the 
plant cell at unprecedented detail. These system

s 
have put us at the cutting edge of light and electron 
m

icroscopy and are being used for a num
ber of 

research areas w
ithin plant science as detailed 

below
. R

ecently the prestige of our research groups 
w

as highlighted w
hen w

e w
ere chosen by Z

eiss as 
a lab in location, an honour bestow

ed on only tw
o 

departm
ents in the U

K
. 

G
A

R
N

ish
S

potlight on B
iom

aging at B
rookes

In addition to the onsite facilities w
e also have 

an STFC
 funded program

m
e access grant and 

collaborations w
hich allow

 access to the R
esearch 

com
plex located at H

arw
ell. This allow

s us to 
perform

 STED
 super resolution im

aging, TIR
F 

single m
olecule tracking, optical tw

eezers and 
fluorescence resonance energy transfer (FR

ET) 
techniques. Furtherm

ore, w
ith the departm

ent 
securing a m

ajor renovation grant, the bioim
aging 

unit w
ill be m

oving into a purpose built facility in 
2016. The plant cell research being undertaken at 
the university is divided into three m

ain them
es. It is 

an exciting tim
e for cell biology w

ith all the recent 
innovations in the field and w

e believe this area 
can offer unprecedented advantages in advancing 
plant science in the U

K
 and globally.

http://oxfordbrookesbioim
aging.w

eebly.com
/

@
O

B
B

U
_m

icroscopy

N
uclear envelope

D
avid E

vans and 
K

atja G
raum

ann

The plant nuclear envelope is a 
surprisingly poorly understood system

 
and the research of the group is 
concentrated on identifying native 
plant nuclear envelope proteins and 
studying their properties. The nuclear envelope is 
a dynam

ic system
 that undergoes m

assive changes 
in the cell cycle and is closely interlinked w

ith 
the nucleoskeleton and cytoskeleton. Follow

ing 
the discovery and characterisation of the first 
m

em
bers of the Sad1/U

N
C

-84 (SU
N

) dom
ain 

protein fam
ily in 

various plant species 
w

e are w
orking 

w
ith the A

rabidopsis 
hom

ologues of 
A

tSU
N

1 and 

A
tSU

N
2. The SU

N
 dom

ain proteins are inner 
nuclear m

em
brane localised proteins, w

hich, 
in non plant system

s, form
 part of the Linker of 

N
ucleoskeleton and C

ytoskeleton (LIN
C

) com
plex. 

W
ith our collaborators in the U

SA
 (Iris M

eier, 
O

hio State) and France (C
hristophe Tatout, B

laise 
Pascal), w

e have identified SU
N

-dom
ain interactors 

of the K
A

SH
 dom

ain fam
ily as w

ell as novel 
nuclear envelope associated proteins. W

ith Sue 
A

rm
strong (B

irm
ingham

) w
e have identified a role 

for the SU
N

 dom
ain proteins in m

eiosis and w
e 

continue to describe novel functions for the plant 
LIN

C
 com

plex in chrom
atin structure and gene 

expression and nuclear m
ovem

ent and architecture. 
W

e are coordinators of the International Plant 
N

uclear C
onsortium

 (IPN
C

) http://bm
s.brookes.

ac.uk/ipnc and organise the SEB
 N

uclear D
ynam

ics 
Special Interest G

roup (http://w
w

w
.sebiology.org/

cell/N
uclear_D

ynam
ics.htm

l). O
ur next m

ajor 
m

eeting is D
ynam

ic O
rganisation of the N

ucleus 
in July 2016 at the SEB

 m
eeting in B

righton (http://
w

w
w

.sebiology.org/m
eetings/B

righton_2016/C
ell.

htm
l#nucleus).

A
ctin cytoskeleton in an A

rabidopsis thaliana cotyledon. Im
age taken by Joe M

cKenna

M
icrotubules in A

rabidopsis thaliana H
ypocotyl. 

Im
age taken by Joe M

cKenna

D
avid Evans

K
atja G

raum
ann
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com
posed of a continuum

 w
hich includes 

the cell w
all, plasm

a-m
em

brane and 
cytoskeleton. This continuum

 is extrem
ely 

im
portant throughout the developm

ent 
and life cycle of a plant as it is the first 
point of contact betw

een the plant cell 
and all external stim

uli. Furtherm
ore, 

every m
olecule entering the cell has to 

pass through the cell w
all and plasm

a-
m

em
brane. R

ather a lot is know
n about 

how
 proteins in the plasm

a-m
em

brane 
and the actin cytoskeleton regulate the 
com

position and structure of the cell w
all, 

how
ever until recently little w

as know
n 

about how
 and if the cell w

all regulates 
the plasm

a-m
em

brane. Previous w
ork in 

the laboratory has dem
onstrated that the 

cell w
all regulates the lateral m

obility of 
proteins in the plasm

a-m
em

brane. Therefore, our 
currently research focuses are:

1) H
ow

 is the m
obility of proteins affected by the 

cell w
all? 

2) D
oes the cell w

all have a role in regulating the 
cytoskeleton? 

3) W
hat is the function of proteins spanning 

through the plasm
a-m

em
brane and interacting w

ith 
the cell w

all and cytoskeleton?  

W
e perform

 the m
ajority of our research in the 

m
odel plant A

rabidopsis thaliana and use a range 
of advanced live cell im

aging techniques including 
confocal m

icroscopy, total internal reflection 
fluorescence (TIR

F) single m
olecule im

aging and a 
num

ber of super resolution technologies. 

P
lant endom

em
brane system

C
hris H

aw
es

@
H

aw
esC

hris

The plant secretory pathw
ay is 

responsible for the synthesis, 
m

odification and quality control of m
ost of the 

building blocks of plant cells. Therefore, it is the 
basis for m

ost of our food chain. R
esearch in the 

endom
em

brane group is split into tw
o m

ain areas:

1) The organisation of the endoplasm
ic reticulum

 in 
plant cells:

The cortical endoplasm
ic reticulum

 (ER
) in plant 

cells is a highly structured dynam
ic netw

ork 
of tubules and sm

all cisternae over w
hich, in 

som
e tissues such as leaf epiderm

is, the G
olgi 

bodies m
ove. O

ur research is focussing on 
m

odelling ER
 structure in plant cells. W

e are 
currently investigating the role of tw

o fam
ilies of 

ER
 m

em
brane proteins, the reticulons and R

H
D

3 
proteins, in the establishm

ent of the cortical ER
 

during cell plate and plasm
odesm

ata developm
ent 

and the m
aintenance of the cortical netw

ork in 

interphase cells. For our research w
e 

are applying biochem
ical m

ethods, 
confocal and 3D

 electron m
icroscopy as 

w
ell as FR

ET-FLIM
 and optical tw

eezer 
technology. W

e are organising a session 
on the plant ER

 at the SEB
 m

eeting in 
B

righton July 2016.

2) Plant G
olgi dynam

ics and biogenesis:

W
e have previously show

n that in m
any 

plant cell types the G
olgi bodies are 

dynam
ic travelling over the ER

 netw
ork as 

distinct secretory units. Live cell im
aging 

utilising fluorescence recovery after 
photobleaching technology (FR

A
P) has 

dem
onstrated cargo transport betw

een 
the ER

 and G
olgi. Several interlinked 

projects are currently being undertaken 
on the plant G

olgi. The distribution of transferases 
and other enzym

es w
ithin the G

olgi stack are being 
investigated by live cell im

aging and the differential 
fate of G

olgi m
em

branes and proteins upon G
olgi 

destruction and biogenesis is being established. A
 

num
ber of peripheral G

olgi “m
atrix” proteins have 

been identified and their role in m
aintenance of 

G
olgi structure and in G

olgi biogenesis is being 
investigated. Interactions betw

een the G
olgi 

m
atrix proteins and betw

een m
atrix proteins and 

regulatory G
TPases (R

abs) are being investigated 
using live cell im

aging, optical tw
eezers and 

fluorescence resonance energy transfer (FR
ET) 

techniques.

T
he C

ell S
urface 

C
ontinuum

J
ohn R

unions
@

J
ohnR

unions

R
esearch in the R

unions 
laboratory focuses on the cell 
biology at the surface of plant cells. The surface is 

Postdoctoral researcher M
aike K

ittelm
ann using the SB

F-SEM
 

recording volum
e datasets of A

rabidopsis thaliana root tips
V

olum
e rendering of the nucleus, golgi and m

itochondria in an 
A

rabidopsis thaliana root cell. Im
age rendered by M

 K
ittelm

ann

V
erena K

riechbaum
er and Jake R

ichardson im
aging A

rabidopsis thaliana cytoskeleton on the Z
eiss LSM
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C
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G
A

R
N

ish
S

potlight on B
iom

aging at B
rookes
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GARNet2016:
  Innovation in the
         Plant Sciences

Cardiff: Sept 6-7th 2016
Information: www.GARNet2016.weebly.com

SESSIONS INCLUDE:

  - FRONTERS IN IMAGING

  - ADVANCES IN SYNTHETIC BIOLOGY

  - BIG DATA IN GENE DISCOVERY

  - CELL SIGNALLING

  - WORKSHOPS  ON ‘ARAPORT’ AND 
    ‘INTRODUCTION TO CRISPR-CAS’ 
  - FLASH PRESENTATIONS: 
‘SIX SLIDES, TWO MINUTES, NO WAITING!’
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