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i 3'e 4 Molecular mechanisms involved in the early parasitic
processes of the stem parasitic plant Cuscuta campestris
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The stem parasitic plant, Cuscuta campestris, establishes a connection of vascular
tissues to its host plants, allowing it to absorb water and nutrients. The parasitic process
begins when C. campestris recognizes the host plant by making contact with its stem surface,
which leads to tight coiling around the host stem. This attachment provides mechanical
stimuli that trigger the development of a specialized organ called a haustorium in C.
campestris. The haustorium then starts penetrating into the host stem, a process that involves
the degradation of the host’s cell walls and forcible separation of host cells. In these early
processes of parasitism, the mechanisms by which C. campestris perceives mechanical stimuli
and how host plants respond to the invasion by C. campestris have not been clarified. This
study aims to investigate the molecular mechanisms underlying these early parasitic processes

in both the parasitic and the host plants.

The first chapter presents a study on identifying a mechanosensitive ion channel
(MSC) gene that is involved in haustorium development in response to mechanical stimuli. It
i1s widely accepted that MSC proteins are involved in the perception of mechanical stimuli
across various organisms. Therefore, we investigated the potential involvement of MSCs are
in haustorium development as well. To investigate whether MSC proteins are involved in
haustorium development, we treated C. campestris plants with an MSC protein inhibitor,

GsMTx-4, which blocks stretch-activated cation-selective channels. At 48 hours after



attachment (haa), treatment with GsMTx4 significantly reduced the density of prehaustoria,
which is haustoria in the pre-intrusive stage. To identify the specific MSC gene involved in
prehaustorium development, we analyzed the known functions and expression patterns of
MSC genes of a model plant, Arabidopsis thaliana, and selected MIDI-COMPLEMENTING
ACTIVITY 1 (MCAI) as a primary candidate. To further assess the activity of CcMCAI as a
mechanosensitive ion channel, we confirmed functional complementation assay using the
yeast Saccharomyces cerevisiae midl mutant. The results indicated that CcMCA1 effectively
rescued the midl mutant from the mating pheromone-induced cell death phenotype to the
same extent as yeast MIDI and AtMCA2. To assess the role of CcMCAI in prehaustorium
development, CcMCAI was silenced using an artificial microRNA (amiRNA) produced by
host Nicotiana tabacum plants that specifically targets CcMCAI. In the CcMCAl-silenced
plants, the number of prehaustorium per millimeter of stem length decreased, and the spacing
between neighboring prehaustoria became longer. Further analysis was conducted using an in
vitro haustorium induction system, where stems were mechanically stressed by sandwiching
between two glass plates. The results showed that CcMCAl-silenced plants had fewer
prehaustoria compared to the controls at 48 haa. These findings underscore the critical role of
CcMCAI in prehaustorium induction in response to mechanical stimuli in C. campestris. Next,
we investigated how CcMCA1-silencing affects the expression of genes related to haustorium
development. We evaluated the expression levels of the genes at three time points. 0 haa,
which was the time the C. campestris stem attached to the second host, and 72 haa, when the
prehaustoria grew and began to penetrate the second host, and 120 haa when intrusive
haustoria had developed in the second host. the expression level of the C. campestris homolog
of LATERAL ORGAN BOUNDARIES DOMAIN 25 (CcLBDZ25), which has been suggested to
regulate haustorium development through auxin signaling, was significantly reduced in the
CcMCA I-silenced plants at all three time points. Next, we measured the expression level of C.
campestris ETHYLENE RESPONSE FACTOR 1 (CcERFI), PECTIN METHYL-ESTERASE
INHIBITOR (CcPMEI), and HOMEOBOX 7 (CcHB7), which are involved in haustorium
penetration in the host cortex and their silencing has been shown to halt this process. The
expression levels of CcERF1 and CcPMEI were significantly reduced in CcMCA I-silenced at
both 0 and 72 haa compared to the control plants. Conversely, CcHB7 was not downregulated
consistently. We confirmed that CcMCAI silencing consistently reduced CcLBDZ25, while
CcERF1 and CcPMEI decreased only in the pre-intrusive phase of prehaustorium

development. Downregulation of CcLBD25 prompted us to investigate the impact of



CcMCAI-silencing on the expression levels of genes involved in auxin signaling in C.
campestris. We tested PIN-LIKES 3 (CcPILS3), which encodes an auxin efflux carrier and
co-expressed with CcLBDZ25. Results showed a decreased expression level of CcPILS3 in
CcMCAl-silenced at 72 haa. C. campestris homologs of [AA14 and ARF19, which are
transcriptional regulators known to regulate auxin-inducible expression of LBDI6 in A.
thaliana showed no significant differences at the three time points. These results suggested
that the signaling between CcMCAI and CcLBD25 is potentially mediated by factors that
differ from the /44 14-ARF7/19 regulatory module.

The second chapter discusses how a host plant responds to the invasion of a
haustorium. Most previous studies on parasitic plants have concentrated on the behavior of
the parasitic plants in establishing their parasitic connections. However, the processes
occurring in the host plants have not received much attention. To assess the host response, we
compared the molecular responses to haustorium invasion with those to wounding, because
haustorium invasion likely causes similar damage as wounding does, including degradation of
cell walls and disruption of the transport of water and nutrients. The wound repair process in
A. thaliana involves key processes: cell division, cell re-adhesion, and vascular regeneration.
Two key transcription factors associated with wound repair, ANACO071 and AtRAL2.6L, were
found to be increased at the parasitic interface. Additionally, other transcription factors that
are known to be upregulated following stem cutting, such as AtWOXI13, AtTOM6, and
AtHCA2, were also increased at the parasitic interface. This upregulation of transcription
factors led us to investigate the expression of genes involved in cell division- and vascular
development at the parasitic interface. At{CYCBI;2, AtWOX4, AtVND7, and AtNEN4 were
found to be upregulated, suggesting that cell division and vascular differentiation occur in
response to parasitic invasion. We confirmed an increase in the number of cell layers in the
cambium. However, unlike the observation in wound repair, the parasitic interface did not
exhibit asymmetric auxin accumulation in the upper region of the invading haustoria; instead,
auxin accumulated in both the upper and lower regions. To determine whether the
upregulation of the genes associated with cell division- and vascular development depends on
ANACO71, auxin signaling, and ethylene signaling, gene expression was investigated in
anac071/096/011 triple mutants, auxin responsive factor (arf) mutants, and acc synthase (acs)
octuple mutants. The genes involved in cell division- and vascular development were still
upregulated in these loss-of-function mutants. This suggests that the host response to the

haustorium invasion is controlled by different signaling mechanisms than those involved in



wound repair.

This study clarified the previously unknown mechanisms involved in the
parasite-host interaction during the early stages of the parasitic process. When the parasite
attaches to the host's stem, it perceives mechanical stimuli through a mechanosensitive ion
channel gene, CcMCAI, which subsequently triggers the development of prehaustoria.
Silencing the CcMCA1 gene results in the downregulation of CcLBD?25, leading to a reduction
in haustorium development. Additionally, the invasion of haustoria into the host plant induced
responses similar to those caused by wounding. However, the regulation of genes related to
cell division- and vascular development at the host-parasite interface differs from typical
wound responses, as ANACO71 and hormones like auxin and ethylene were found to be
non-essential. Overall, these findings elucidated regulatory mechanisms involved in

parasite-host interactions at the parasitic interface.
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