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can mimic some of the effects of exercise is
promising. This is particularly important for
older people who might not always have the
capacity for the level of exercise needed to
promote optimal brain health.

The study by Choi et al. also lends further
support to the idea that amyloid plaques are a
poor marker of disease progression and thus
a poor choice of biomarker for clinical trials.
The authors found that decreased plaque
pathology was not necessary or sufficient to
drive memory improvements. This adds to
conflicting reports that environmental en-
richment, including exercise, in some studies

during childhood (72). Overall, evidence sug-
gests that at least low levels of neurogenesis
occur throughout life. There have been sev-
eral studies indicating that increased neu-
rogenesis occurs in Alzheimer’s disease (13),
but whether this plays an important role in
disease pathophysiology is unclear.

Moving forward, it will be important to
understand how exercise, neurogenesis, and
BDNF affect the brain at the synapse, cel-
lular (neurons, glia, and vascular cells), and
circuit level. Exercise causes new synapse
formation and is excellent for cardiovas-
cular health, both of which are relevant to

How might exercise protect against Alzheimer’s disease?

Several pathways might explain how exercise protects the brain and prevents development of Alzheimer's
disease. In mice, exercise enhances vascular health and increases the amount of BDNF in the brain, which
promotes neurogenesis, survival of new neurons, and the formation of new synaptic connections.
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decreased plaque pathology and increased
it in others, despite most groups observing
memory improvement (8, 9). Biomarkers that
more closely track neural circuit integrity are
much more promising, including structural
magnetic resonance imaging to track brain
atrophy and newer markers such as positron
emission tomography ligands for synapses
and synapse and neuron proteins in cerebro-
spinal fluid (Z0).

There are limitations of this work to con-
sider. The authors used a single aggressive
mouse model of familial Alzheimer’s dis-
ease, which potentially exhibits nonphysi-
ological mechanisms of cell death owing to
overexpression of mutant proteins. Histori-
cally, studies of mouse models of Alzheimer’s
disease have not translated well in human
clinical trials, particularly work in a single
model, so this study will need to be repli-
cated in other mouse models. There is also
no direct evidence that these mechanisms
are involved in human disease. Neurogenesis
in human adult hippocampus has become
a contentious issue. For example, one study
found that neurogenesis occurred into older
age (I1I), whereas another found that it stops
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Alzheimer’s disease because synapse degen-
eration is an important correlate of cognitive
decline, and we are beginning to understand
that nonneuronal cells (glia and vascula-
ture) greatly affect this process (3, 14). In the
best-case scenario, assuming these results
are replicated in other models and are rel-
evant to human disease, this study suggests
that we could bottle the effects of exercise to
prevent or treat dementia.

REFERENCES

1. WHO, "Dementia: a public health priority” (World
Health Organization, 2012); www.alz.co.uk/
WHO-dementia-report.

. S.H.Choi, Science 361, eaan8821 (2018).

. T.L.Spires-Jones, B.T.Hyman, Neuron 82,756 (2014).

. M.Hamer, G.Muniz Terrera, P. Demakakos, J. Epidemiol.
Community Health 72,477 (2018).

. G.Livingstonetal.,Lancet 390, 2673 (2017).

. D.Forbes, S.C.Forbes, C.M.Blake, E. J. Thiessen, S. Forbes,
Cochrane Database Syst. Rev., CD006489 (2015).

7. J.Young,M.Angevaren, J. Rusted, N. Tabet, Cochrane
Database Syst. Rev.,CD005381 (2015).

8. 0.Lazarovetal.,Cell120,701(2005).

9. J.L.Jankowskyetal.,J. Neurosci. 25,5217 (2005).

10. M.-K.Chenetal., JAMA Neurol.10.1001/

jamaneurol.2018.1836 (2018).

11. M.Boldrinietal., Cell Stem Cell 22,589 (2018).

12. S.F.Sorrellsetal.,Nature 555,377 (2018).

13. D.Gomez-Nicolaetal.,Brain137,2312 (2014).

14. B.De Strooper, E.Karran, Cell 164,603 (2016).

10.1126/science.aau8060

S wnro

[e2 N

Published by AAAS

PLANT BIOLOGY

To grow
and to defend

A rice transcription factor’s
dual roles could improve
yield and disease resistance

By George H. Greene and Xinnian Dong

eeding an expanding world popula-
tion while sustaining an inhabitable
environment represents the greatest
challenge of our time. To meet this
challenge, the scientific conundrum
of increasing crop yield while pro-
tecting it from evolving pathogens must be
resolved. Rice (Oryza sativa) contributes
the majority of dietary energy for more
than half of the world’s population. The
most devastating pathogen of rice world-
wide is the fungus Magnaporthe oryzae,
the causal agent of rice blast, which results
in an estimated yield loss of 30% globally.
Therefore, controlling M. oryzae infection
is a key battlefront for improving global
rice production (7). On page 1026 of this is-
sue, Wang et al. (2) identify a mechanism
by which Ideal Plant Architecture 1 (IPA1),
a transcription factor previously identified
for conferring high yield, can also promote
immunity against rice blast. This discovery
provides a great addition to the toolbox for
rational breeding of rice varieties with both
high yield and high disease resistance.
Disease resistance is mostly generated by
introducing immune receptor genes from re-
sistant cultivars or wild relatives into high-
yield varieties to create “supervarieties” (3).
Many of these immune receptors recognize
the presence of rapidly evolving, pathogen-
specific virulence factors. Selection for new
polymorphisms that allow pathogen effec-
tors to evade perception can diminish the
efficacy of these receptors within years (4).
A common remedy for this deficiency is the
stacking of multiple immune receptor genes
in the host genome (5). However, expression
of these receptor genes can lead to compe-
tition with yield-related traits for avail-
able metabolic resources (6). Alternatively,
broad-spectrum disease resistance may be
conferred through manipulation of central
immune regulators downstream of patho-
gen recognition that control the expression
of resistance-conferring genes. Constitutive
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activity of these core regulators is often as-
sociated with drastically diminished yield
because of the inherent trade-offs between
defense response and growth (7). Recent ad-
vances in engineering broad-spectrum dis-
ease resistance have focused on mitigating
yield costs by making the immune response
tunable to pathogen detection. Such strate-
gies include the use of pathogen-responsive
promoters (8), messenger RNA (mRNA)
stability (9), and chromatin modifications
(3). More recently, regulation at the level
of translation was achieved through cis
mRNA elements that allow transient trans-
lation of core immune regulators to
establish optimal balance between
defense and growth (10).

Although considerable effort has
gone into understanding and mini-
mizing the effects of immune regula-

tors on growth, the extent to which C

growth-promoting regulators modu-
late immunity remains relatively un-
explored. Yield is a complex trait that
is determined by multiple factors,
including the number of panicles
(branched flower clusters), the num-
ber of filled grains per panicle, and
overall grain weight (71). IPA1 func-
tions to reduce the number of unpro-
ductive rice tillers (panicle-bearing
stems) and increase grain density in
productive panicles (712), maximizing
the number of grains per panicle and
thus the yield of the plant. Alleles of
IPAI from various cultivars are ex-
pressed at different amounts owing

[

Spores of the rice blast

fungus (M. oryzae) .
can infect all parts of

the rice plant.

This led the authors to hypothesize that
IPA1 promotes resistance to rice blast in ad-
dition to its yield-enhancing activity.
Through biochemical assays, the authors
identified an inducible phosphorylation
event on serine-163 in a conserved region
of IPA1 that occurs upon exposure to M.
oryzae. In the absence of pathogen, IPAl
binds to the promoters of growth-stimulat-
ing genes to drive their expression. Phos-
phorylated IPA1 is repurposed as its DNA
binding affinity is altered to favor defense
gene promoters, including the promoter of
WRKY DNA-binding protein 45 (WRKY45),

which encodes a broadly pathogen-respon-
sive transcription factor involved in global
transcriptional changes associated with
plant defense (14, 15). The increased abun-
dance of IPAl in the ipal-ID plants accel-
erates WRKY45 accumulation, conferring
enhanced resistance.

Moreover, phosphorylated IPA1 in ipal-
1D plants returned to background-level
amounts by ~48 hours after infection. This
could result from turnover of the phos-
phorylated IPAl1 protein or an active de-
phosphorylation process when infection
subsided. This rapid and transient IPA1

modification allowed ipal-ID plants
to have increased yield and en-
hanced M. oryzae resistance while
avoiding the yield penalties that
would occur if IPA1 remained in its
immune active form (see the figure).
It warrants further investigation
whether such pathogen-responsive
phosphorylation of growth-regulat-
4 ing transcription factors is a wide-
spread mechanism for rapid yet
moderated response to infection.
The dual functionality of IPAl
presents intriguing new opportu-
nities for engineering disease re-
sistance to other pathogens and in
additional crops. This depends on
the degree of conservation of the sig-
naling components, from pathogen
recognition to IPA1 phosphorylation
to the downstream defense targets.
For example, if IPA1 phosphoryla-
tion is dependent on pathogen rec-

to variations in distinct regulatory
mechanisms, including methylation
of the IPAI promoter in the wealthy
farmer’s panicle (WFP) allele or
microRNA (miRNA)-mediated re-
pression of IPAI expression. The
ipal-1D allele contains a naturally oc-
curring point mutation that escapes
the miRNA-mediated repression, re-
sulting in higher IPA1 protein expres-
sion (13). Fine-tuning IPA1 protein
abundance allows for the ideal com-
bination of panicle size and panicle
number for maximum productivity.
However, the value of such high-yield
varieties is limited if losses to disease
are not controlled.

Wang et al. investigated the yield
output of ipal-ID plants under M.
oryzae challenge. Through large-scale
field trials, they determined that
plants with the ipal-1D allele main-
tained the expected yield benefits of
~10% (compared with plants express-
ing the IPA1 allele) in the noninfected
field and showed an impressive 30%
yield increase in the infected field.
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How IPA1 promotes growth and resistance
IPAL normally binds GTAC DNA sequences (motif 1) to promote
growth. Upon M. oryzae infection, IPAl is phosphorylated by an
unknown kinase and switches its binding to TGGGCC/T (motif 2),
which promotes immunity to M. oryzae.
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After immune induction, IPA1 rapidly reverts to its growth-promoting
function (gray arrow), mitigating potential yield losses associated with
unregulated immune responses.
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ognition through a specific immune
receptor, the use of IPA1 may be
limited to M. oryzae in rice. Never-
theless, further engineering through
introduction of an IPA1 overexpres-
sion allele, along with the necessary
upstream components, may confer
yield benefits that are retained un-
der challenge by a broad spectrum
of pathogens.
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