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Stem holoparasitic plants Cuscuta attack domesticated and non-domesticated plants and
cause serious damage to commercial crops. Cuscuta withdraws water and nutrients from hosts. In
addition to water and nutrients, vascular connections allow Cuscuta to exchange larger molecules
including various types of RNAs with the host. The exchange of mMRNAs has been reported
previously between Cuscuta and host plants. The movement of the endogenous mRNAs via the
phloem within a single plant regulates developmental processes. The trans-species movement of
MRNAs strongly suggests that RNA-based control is involved in the establishment of the parasitic
complex. In addition to the mRNAs, the exchange of small RNAs (sSRNAs) between pathogenic
organisms and host plants has previously been found. The pathogenic fungus control host plant’s
immunity by exporting SRNAs. Conversely, host plants export microRNAs (miRNAs) to control
the fungal hyphae, by silencing the genes expression essential for fungal virulence. In the Cuscuta
campestris-Arabidopsis thaliana parasitic complex, C. campestris miRNAs were induced in the
haustorial interface and repress the expression of Arabidopsis genes involved in the defense
response and vascular development. These studies suggest that sSRNA-based mechanisms are
involved in the establishment of mutual regulation at the interfaces between host plants and other
organisms. However, it has not yet been elucidated whether SRNAs derived from donor plants in

parasitic complexes were translocated to distant tissues in the recipient plants or if they showed



effects after the establishment of a stable parasitic connection. In this study, we analyzed the
accumulation of SRNAs of two host-parasitic plant complexes and tried to find out the common
phenomenon involved in SRNA accumulation. To obtain the transcriptome of SRNA, RNAs were
extracted from the parasitic stems of C. campestris-A. thaliana parasitic complex, and Cuscuta
japonica-Glycine max parasitic complex. RNAs were also extracted from the non-parasitic stems.
SRNA-seq reads obtained from a single sequencing library were mapped to the genome databases
of both the parasite and host to identify mobile SRNAs. The analyses of SRNA accumulation of
two parasitic complexes along with trans-species SRNA movement and biogenesis were described

in four chapters.

Chapter 1: Analyses of small RNAs in Cuscuta campestris-Arabidopsis thaliana parasitic
complex

The analyses of SRNA-seq data of different tissues of C. campestris-A. thaliana parasitic
complex reveals the accumulation of sRNAs in parasitic conditions. In A. thaliana, sRNA
accumulation was increased in 103 genes and decreased in 119 genes. Gene ontology (GO)
analyses of the genes onto which sRNA accumulation were increased showed that majority of the
genes were involved in ‘glucosinolate biosynthesis’, ‘response to stress’ and ‘symplast’. The
SRNA reads associated with genes, where reads per million (RPM) values increased more than
2-fold in parasitic condition, revealed that 22-nt reads were enriched. On the contrary, SRNA reads
associated with genes that decreased more than 2-fold in parasitized stems of A. thaliana were
enriched with 21-nt reads. In C. campestris, SRNA accumulation was increased in 458 genes and
decreased in 445 genes in the parasitic condition. GO terms of genes onto which sRNA
accumulation were increased were enriched with ‘response to cadmium ion’ and ‘response to metal
ion’. In the parasite, no significant enrichment was observed for any length of SRNA reads in C.
campestris. Percentage of 21-nt reads significantly decreased that associated with genes that

increased more than 2-fold in C. campestris.

Chapter 2: Analyses of small RNAs in Cuscuta japonica-Glycine max parasitic complex

In C. japonica-G. max parasitic complex, the genes which were responsible for the
generation of SRNASs in parasitic condition were analyzed. In G. max, 666 genes of which SRNA
accumulation was increased where 365 genes of which sSRNA accumulation was decreased in
parasitic condition. GO terms of genes onto which SRNA accumulation were increased suggest the
involvement of two biological processes: hormone-mediated response such as *auxin binding’,
‘regulation of gibberellic acid-mediated signaling pathway’, ‘cellular response to hormone
stimulus’ and hormone-mediated signaling pathway and associated with cellular connection such
as ‘phloem transport’, ‘plasmodesma’, and ‘cell-cell junction’. In C. japonica, SRNA
accumulation was increased in 197 genes, whereas decreased in 367 genes, in the parasitic

condition. GO analyses reveal that genes associated with lignin accumulation such as ‘lignin



biosynthetic process’, ‘lignin metabolic process regulated” was controlled by sRNA accumulation
in parasitic conditions. We mention that the whole loci analyses of the C. japonica genome have
not to be done due to the unavailability of the full genome of C. japonica. In parasites (C.
campestris and C. japonica), genes associated with ‘response to cadmium ion’ and ‘response to
metal ion” were commonly involved in SRNA accumulation in parasitic condition. In hosts, (A.
thaliana and G. max), genes associated with ‘stress response’ were commonly involved in SRNA
accumulation.

Chapter 3: Trans-species long-distance movement of small RNAs in the parasitic complexes
The screening of trans-species mobile SRNAs resulted in the selection of 20 SRNAs of C.
campestris, 10 sSRNAs of A. thaliana in C. campestris-A. thaliana parasitic complex, whereas 5
SRNAs of C. japonica and 20 sSRNAs of G. max in C. japonica-G. max parasitic complex. From
the predicted mobile sSRNAs, we prioritized 7 of C. campestris SRNA (CcsRNA) and 6 of A.
thaliana SRNA (AtsRNA) to confirm the long-distance movement. We confirmed 4 of the CcsRNA
(CcsRNA0641, CcsRNAO0897, CcsRNA4295 and CcsRNAS5S627) and 2 of the AtsRNAs
(AtsRNA3031 and AtsRNA4348) were mobile to the apical region of the recipient plant.
CcsRNAO0641 was also detected in the distant oegans of A. thaliana such as leaf, stem and root in
parasitic condition. The GO analysis of predicted target genes of the mobile SRNAs did not show
any enrichment of specific GO terms. The decrease in the accumulation of predicted target genes
(AtNPC5 and AtMo25 which were targets of CcsRNA4295, and AtSKD1 which was a target of
CcsRNA5672) strengthened the hypothesis of trans-species SRNA-mediated repression in the

parasitic condition.

Chapter 4: Biogenesis of SRNA

To clarify the regulation of SRNA biogenesis in the parasitic complex, we measured the
expression levels of SRNA biogenesis genes. Expression levels of A. thaliana SUPPRESSOR OF
GENE SILENCING 3 (AtSGS3) and RNA-DEPENDENT RNA POLYMERASE 6 (AtRDR6), which
play crucial roles in the tasiRNA production pathway, were significantly upregulated in the
parasitized stems. The enrichment of 21-nt and 22-nt SRNAs of A. thaliana may correspond to the
upregulation of AtSGS3 and AtRDR6, which support the possibility of secondary siRNA
production in the parasitic condition. In C. campestris, DICER-LIKE 1 (CcDCL1), CcDCL3, and
CcRDR6 were significantly downregulated. The decrease in the proportion of 21-nt reads in the
parasitic stems of C. campestris may be associated with the downregulation of CcDCL1 and
CcRDR6. Secondary siRNAs production triggered by trans-species mobile sRNAs was not
detected in the parasitic condition. By using A. thaliana sgs3 and rdr6 mutants, trans-species
mobile sRNAs from C. campestris moved long distances in the host plant, suggesting that

long-distance movement of trans-species mobile SRNAs occurs without siRNA production.



In summary, the results of my study indicate that donor-derived SRNAs move long
distances in recipient plants. In hosts, secondary siRNA producing pathway not only plays a
crucial role in the accumulation of secondary sSRNA but also control the mobility of
parasite-derived SRNA. Comprehensive profiling of the trans-species SRNAs and their target
genes will provide deeper insights into the RNA-mediated interactions between parasitic and host

plants.
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