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Identity recognition and plant behavior
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he ability to distinguish self from

nonself allows organisms to pro-
tect themselves against attackers.
Sagebrush plants use volatile cues emit-
ted by clipped neighbors to adjust their
defenses against herbivores. Recently,
we reported that cues from genetically
identical ‘self’ clones were more effec-
tive at reducing damage than were cues
from ‘nonself’ clones. This indicates
that plants can distinguish self from
non-self through volatiles and respond
differentially. Identity recognition may
be an essential step in enabling plants to
behave cooperatively. Emission of cues
which enable other plant tissues (on the
same or other individual) to respond
appropriately to herbivore risk may have
evolved if cues are aimed primarily at

self tissue.

The ability to recognize self from nonself
is a fundamental property of individuals of
all multicellular organisms. Distinguishing
between molecules that are part of one’s
own tissues and those of an invader pro-
vides a first step towards the evolution of a
functioning immune system. An immune
system responds differently towards self
and nonself tissues, destroying the later.
In addition to immune responses, many
other sophisticated behaviors have been
that differenti-
ate self from non-self and even kin from
strangers.! For example, social behav-
iors including altruism can be favored by
natural selection when animals are able
to first distinguish kin from non-kin and
respond differently to individuals in these
two categories.” Although plant behavior
is far less well studied, plants too display

described for animals

many sophisticated and context-dependent
behaviors.?
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Plant biologists have described various
situations in which plants exhibit different
behaviors based on identity. It has been
known for some years that many angio-
sperms choose mates based on genetic
identity.! Numerous mechanisms have
been described, primarily involving dif-
ferential germination of pollen, growth of
pollen tubes through stigmatic tissue, and
production of competent zygotes. More
recently, several workers have found that
plants may differentiate self from non-self
and alter their morphologies in response
to cues from these two types of sources.
Plants appeared to recognize their own
roots and to grow fewer and shorter roots
when they contacted self roots compared
to non-self roots (reviewed in references
5-7). A common feature of these experi-
mental studies is that roots only showed
self-recognition when they were physically
attached. These experimental studies may
be subject to alternate explanations.®’

Recently we reported that sagebrush
plants induced resistance more effectively
against their herbivores in response to the
volatile cues emitted by self clones com-
pared to the cues of non-self clones.”” We
had previously found that experimen-
tal clipping to branches caused systemic
induced resistance within an individual
against herbivores only when volatile
cues were transmitted." To evaluate self/
non-self discrimination we first produced
clones of 60 parent plants in the field by
root crown division. These potted clones
were propagated and then placed back in
the field near either their genetically iden-
tical parent (self treatment) or a geneti-
cally different parent (nonself treatment).
The potted clones were experimentally
clipped in spring for both treatments and
the damage that accumulated over the
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Figure 1. The mean number of leaves that
were damaged by herbivores (grasshoppers,
caterpillars and deer) on assay branches of
sagebrush (x1 se). Cuttings were either ge-
netically identical (self) or different (non-self)
from the assay branch; assay branches were
within 5 cm of potted cuttings but not in
physical contact. Cuttings were experimen-
tally clipped to simulate herbivory in May and
herbivore damage accumulated on the assay
branches until season’s end in September
when damage was assayed.

growing season was recorded for parents
near self and non-self clones. We found
that plants near clipped self clones received
approximately 42% less damage by their
herbivores than plants near clipped non-
self clones (Fig. 1, One-way ANOVA,
F,., = 8.72, p = 0.005).

This result is novel in several ways.
Past results showing self/nonself recogni-
tion between roots required that they be
in physical contact for discrimination to
occur; physical contact was not required
in this case. In addition, this is the first
identity study to measure responses in
terms of damage by herbivores rather than
plant morphology or reproduction. This
result is more robust than the changes in
root morphology because changes attrib-
uted to self or non-self volatiles cannot
be explained by alternative hypotheses
involving potentially confounding dif-
ferences in resource availability or pot
size.®? The ability of plants to differentiate
self from non-self is important because it
may enable differential treatment towards
ramets that share genes.
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Recent work has also suggested
that plants may be able to discriminate
between kin and strangers. Cakile eden-
tula and Impatiens pallida changed their
morphologies depending upon whether
their roots contacted kin or strangers.'>"
These altered morphologies were consis-
tent with the notion that kin cooperated
and non-kin competed. Examination of
self/non-self recognition and kin/stranger
recognition patterns in Arabidopsis thali-
ana indicated that these two forms of
identity discrimination were affected dif-
ferently by inhibitors and therefore sug-
gested that they may involve different
signaling mechanisms.

Plants that emit volatile cues that
other individuals can use to adjust their
defenses (eavesdropping) may be at a
selective disadvantage.” Why should a
plant dispense information that allows
its neighbors to fine tune their defenses
against herbivory? One possible answer
to this conundrum may be that plants
emit volatile cues to coordinate their own
defenses since volatile cues are active over
relatively short distances. A second pos-
sible answer is that greater sensitivity to
self volatiles reduces the cost of eaves-
dropping. In designing our sagebrush
experiment we cloned plants as a means
of producing physically separate pairs of
plants that were either genetically identi-
cal or different. Early genetic work indi-
cated that populations of sagebrush were
highly structured genetically.’® In other
words, relatedness decreased as a func-
tion of the distance between individu-
als, also known as population viscosity.
Recent genetic analyses of microsatellites
indicate that vegetative reproduction by
rthizomes also occurs in this species and
some neighbors in nature are geneti-
cally identical (Ishizaki, et al. in review).
Population viscosity has been considered
to increase the likelihood of cooperation,
in part because neighbors already share
genes.>” Applying similar logic, commu-
nication is facilitated by kin recognition
if relatives are better able to communicate
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than non-kin. Communication may be
favored if the tissue emitting cue is sur-
rounded by primarily self tissue or if the
exchange of cues is more effective and
likely to occur between self tissues. In
conclusion, plant communication using
volatile cues may have evolved because
individual plants were communicating
primarily with themselves.
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