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IN BRIEF

Ticket to Ride: tRNA-Related Sequences and Systemic Movement

of MRNAs>™

Movement of macromolecules through the
plant phloem provides a mechanism for long-
distance signaling that plants use in develop-
ment, disease resistance, and other adaptive
responses (reviewed in Spiegelman et al.,
2013). For example, full-length RNAs, such
as the Arabidopsis thaliana GIBBERELLIC
ACID INSENSITIVE and potato (Solanum
tuberosum) BEL5 mRNAs, and small RNAs,
including numerous microRNAs involved in
gene silencing, move through the phloem to
affect distal regions of the plant. Emerging
evidence indicates that RNA transport oc-
curs more pervasively than indicated by the
isolated examples first identified. Indeed,
a recent study used grafted plants of differ-
ent ecotypes to identify 2006 Arabidopsis
mRNAs that moved across the graft junction
(Thieme et al., 2015).

What causes RNAs to move? Recent work
(Calderwood et al., 2016; highlighted in
Hofmann, 2016) used modeling to show
that mRNA abundance in the phloem com-
panion cell can explain mRNA mobility;
simply, the more abundant the mRNA in
these cells, the more likely it is to end up in
phloem sap. The abundance model does
not preclude selective transport and does
not explain the mobility (and nonmobility) of
some mMRNAs. Therefore, polypyrimidine
tract sequences or tRNA-like structures
(TLSs) might provide a mechanistic and
evolutionary explanation for the mobility
of some specific mMRNAs.

TLSs have a tRNA-like stem-loop sec-
ondary structure and play a key role in the
infectivity of RNA viruses. To test the role of
TLSs in the mobility of plant transcripts,
Zhang et al. (2016) used DISRUPTION OF
MEIOTIC CONTROL1 (DMCT); silencing
of DMCT1, or the presence of a truncated,
dominant-negative DMC1 (pnDMC1) causes
pollen defects and male sterility. Thus, male
sterility provides a readout for translocation
of pnDMC1 mRNA fusions moving from the
rootstock into a grafted, wild-type scion. The
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onDMC1 RNA sequences do not contain
mobility motifs; using this transcript, the
authors tested several constructs in trans-
genic tobacco (Nicotiana tabacum), includ-
ing pyDMC1 fused to the mobile transcript
of potato BEL5 and the nonmobile tran-
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script of tobacco CENTRORADIALIS-like 2.
As expected, plants expressing ppyDMC1
showed male sterility, and wild-type scions
grafted onto rootstocks producing pnDMC1-
BEL5 mRNA showed high percentages of
aberrant pollen. In addition to showing that
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Identification of mMRNA:tRNA dicistronic transcripts. Counts (axis at top) of tRNA genes in RNA-
sequencing data, with gray representing all annotated tRNAs, blue representing the tRNAs adjacent
to mobile transcripts, and orange representing the tRNA genes observed as dicistronic transcripts
(*, confirmed by PCR; arrow, tested as fusion). (Reprinted from Zhang et al. [2016], Figure 4C.)
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this fusion can translocate, this observation
also shows that this translocated mRNA can
be translated at its destination.

Using this reporter system, the authors
next tested whether tRNA sequences can
trigger movement of the pyDMC1 mRNA.
tRNAMet occurs in phloem sap, so the authors
also made tRNAMet-, . DMC1 fusion con-
structs and transgenic plants. Fusion of tRNA-
Met to the 5’ or 3’ untranslated region allowed
the pnyDMC1 mRNA to move across the graft
junction, causing male sterility in the wild-type
scion. The authors tested for potentialinduction
of systemic silencing, using a YFP-pnDMC1
line, but found strong YFP signals, indicat-
ing that the mobile tRNA fusion construct
did not produce smallinterfering RNAs that
induced silencing. The authors also tested
tRNA sequences in Arabidopsis, using GUS
fusions to tRNAMet and tRNAGY, which are
imported into the phloem, and tRNA"e, which
is not imported into the phloem. Staining
for GUS activity showed that the phloem-
imported tRNAs could mediate transport of
tRNA-GUS mRNA from root to shoot and
from shoot to root. By contrast, grafting to
GUS-tRNA'e or 35S:GUS plants did not re-
sult in GUS activity in the grafted wild-type
tissue. Deletion analysis of tRNAMét showed
thatremoval of the anticodon and T{sC hairpin-
loop abolished mRNA mobility.

Finding that the tRNA sequences could
induce RNA mobility raised the question
of whether this occurred for endogenous
RNAs. Database analysis and secon-
dary structure predictions indicated that
known Arabidopsis mobile transcripts are
enriched in sequences that could form
a TLS. Also, tRNA genes tend to be closer
in the genome to loci encoding mobile
mRNAs than to genes encoding nonmobile
mRNAs. Analysis of RNA-sequencing data
indicated that these nearby genes can form
dicistronic mRNA-tRNA transcripts at
a high frequency (see figure). For example,
CHOLINE KINASE1 (CK1) produces a mo-
bile transcript and the RNA-sequencing
data included a CK7-tRNAGY dicistronic
transcript. Indeed, in a T-DNA insertion mu-
tant that separated CK7 from tRNAGY, the
CK1 transcript failed to move across graft
junctions.

Thus, this emerging research shows that
in addition to potential abundance-based
movement into the phloem, some RNAs
grab a tRNA ticket for a ride through the
phloem and that the joined mRNA can
be translated after transport. Such ac-
tive transport, which can occur bidirection-
ally, and the specific mechanisms for routing
these RNAs to their destination, remain in-
triguing questions for the future.
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