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Parasitic angiosperms  are  an
ecologically and economically impor-
tant group of plants. However our under-
standing of the basis for host specificity
in these plants is embryonic. Recently
we investigated host specificity in the
parasitic angiosperm Orobanche minor,
and demonstrated that this host general-
ist parasite comprises genetically defined
races that are physiologically adapted to
specific hosts. Populations occurring nat-
urally on red clover (Trifolium pratense)
and sea carrot (Daucus carota subsp.
gummifer) respectively, showed distinct
patterns of host specificity at various
developmental stages, and a higher fit-
ness on their natural hosts, suggesting
these races are locally adapted. Here we
discuss the implications of our findings
from a broader perspective. We suggest
that differences in signal responsiveness
and perception by the parasite, as well as
qualitative differences in signal produc-
tion by the host, may elicit host specific-
ity in this parasitic plant. Together with
our earlier demonstration that these
O. minor races are genetically distinct
based on molecular markers, our recent
data provide a snapshot of speciation in
action, driven by host specificity. Indeed,
host specificity may be an underestimated
catalyst for speciation in parasitic plants
generally. We propose that identifying
host specific races using physiological
techniques will complement conventional
molecular marker-based approaches to
provide a framework for delineating evo-
lutionary relationships among cryptic
host-specific parasitic plants.
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Introduction

Parasitic angiosperms have evolved at least
11 times and occur in all major biomes,
from arctic islands to tropical forests."?
In natural ecosystems, they generate pro-
found effects on plant community struc-
ture,"* whereas in agroecosystems weedy
species attack commercial crops and cause
crop losses that amount to billions in USD
annually. In spite of their importance
from both ecological and agronomic per-
spectives, our understanding of parasitic
angiosperms and their interactions with
host plants still lags behind that of other
plant-pathogen associations.” Previously
we identified patterns of host-specific
genetic divergence among the morpho-
logically cryptic taxa O. minor var. minor
infecting red clovers (77ifolium pratense)
and O. minor subsp. maritima infecting
sea carrots (Daucus carota subsp. gum-
mifer) respectively in northern Europe.
Recently, to explore the potential for host
specificity to drive this genetic divergence,
we used reciprocal-infection experiments
to quantify host specificity in terms of
(1) relative parasite success during early
development; (2) fitness in terms of bio-
mass, and (3) anatomy of the host-parasite
interface. The results from this inves-
tigation demonstrate that genetic races
occurring naturally on red clover and sea
carrots show distinct developmental path-
ways on their natural and alien hosts.®
Collectively these data suggest that mor-
phologically cryptic races of O. minor may
be physiologically adapted to their local
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hosts, which offers a template for genetic
divergence and speciation.

Host-Parasite Communication by
Chemical Signaling

Many interactions between plants and
other organisms are mediated by signal
molecules that initiate developmental
and physiological programs.” Parasitic
angiosperms are a key example of such
interactions, in which the development
of the parasite is initiated by host plant
signals (Fig. 1). The isolation of these
host plant signals from root exudates has
been hampered by their low abundance
and instability.® Strigolactones, a group
of sesquiterpene lactones, are well known
germination stimulants for Orobanche
and Striga, and have also been identified
to be the signaling molecules that trigger
hyphal branching in arbuscular mycor-
rhizal (AM) fungi.’ Recent research has
suggested that strigolactones also pay a
role in the regulation of shoot branching

1011 i addition to their role in

in plants,
rthizosphere communication, and may rep-
resent a novel class of plant hormones or
their biosynthetic precursors.' Variation
in germination stimulant production by
different host species influences the host
specificity of the parasite.'” For example,
different hosts induce different rates of seed
germination among various Orobanche
spp-,"? suggesting host specificity in this
genus is elicited at this early developmen-
tal stage. We cultivated O. minor subsp.
maritima and O. minor var. minor on their
natural hosts reciprocally in Petri dish
bioassays to observe the infection process.
Orobanche minor subsp. maritima showed
a higher rate of germination on sea carrot
than on red clover, suggesting it is physi-
ologically adapted to its natural host. Red
clovers may therefore produce less of the
stimulants to which Orobanche minor
subsp. maritima seeds are responsive, or
there may be qualitative differences in the
stimulants produced by these host species.
Interestingly, O. minor var. minor showed
higher germination on sea carrot than on
its natural red clover host, which may be
due to the dense root architecture of sea
carrot producing a greater exudate out-
put, suggesting quantitative differences
in stimulant production may also be a
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determining factor; later stages of parasite
development and parasite biomass were
however better on red clover for this race.
Host signals also govern later stages of
the host-parasite interaction. The haus-
torium is a defining phenotypic feature of

all parasitic angiosperms,'>"

and provides
a physiological bridge between the two
plants,'®" through which hormonal inter-
actions, viruses, proteins and mRNA tran-
scripts may be transported.>'® Chemical
signals initiating haustorial development
are distinct from the signals which induce
germination.”® Haustorium initiation is
triggered by a suite of specific exogenous
molecules in the rhizosphere, called haus-
toria-inducing factors (HIFs), which act
as signals for undifferentiated parenchy-
matous cells'” (Fig. 1). Qualitative differ-
ences exist in HIFs exuded by even closely
related potential host species,'* suggesting
that these signals are important determi-
nants of host specificity. In our experi-
ments, Orobanche minor subsp. maritima
seedlings showed no evidence of attach-
ment or haustoria formation on the roots
of its alien host red clover, suggesting the
HIF to which this race is responsive to
was not exuded by this species. Conversely
O. minor var. minor showed compatible
development on sea carrot as well as red
clover. This suggests that both differences
in parasite responsiveness to host signals,
and differences in signal production by
the host are important elicitors of host
specificity and may define host range in
parasitic plants.

Host Specificity
and Varietal Selection

The evolutionary shift to parasitism in
flowering plants has been associated with
the degeneration of morphological fea-
tures traditionally used in plant classifica-
tion, making systematic studies in these
plants extremely challenging. Quantifying
host specificity using physiological param-
eters combined with sequence data, may
provide a robust platform for delineating
morphologically cryptic host-specific races
in taxonomically difficult groups such as
Orobanche where traditional molecular
markers alone, such as rbcL and ITS, fail
to resolve closely related taxa. This is anal-
ogous to other taxonomically challenging
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groups such as microorganisms, in which

biochemical characteristics are used

alongside sequence data to delineate spe-
cies relationships. Although host-driven
speciation processes have been well docu-
mented in phytophagus insects,” the pos-
sibility that host-driven speciation also
occurs in parasitic plants remains rela-
tively uncharted. However a similar pat-
tern of host-driven speciation in parasitic
plants is now becoming stronger, thanks

to case studies of host specificity in, for
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example hemiparasite mistletoes, and

holoparasitic species Cytinus spp.>** and
Orobanche spp.>®* Given the predomi-
nance of host specificity among parasitic
angiosperms, and our rudimentary under-
standing of the evolution of host-parasite
interactions, it is likely that this process
may have been an underestimated driving
force in the evolution of this important
group of plants.
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Figure 1. Host specificity is elicited at the molecular level by variation in host production and
parasite perception of signal molecules, including the following germination factors (A): (i) strigol;
(i) an antioxidant enhancer of SXSg, (iii) SXSg, and haustoria inducing factors (B): (iv) peonidin, (v)
xenognosin A; (vi) DMBQ; (vii) 5,7-dihydroxynapthoquinone. Figure adapted from Yoder JI. Cur-
rent Opinion in Plant Biology 2004; 4:359—65.
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