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Identification of mRNAs that Move Over Long Distances Using
an RNA-Seq Analysis of Arabidopsis/Nicotiana benthamiana
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Phloem is a conductive tissue that allocates nutrients from
mature source leaves to sinks such as young developing tis-
sues, Phloem akso delivers proteins and RNA spedies, such as
small RNAs and mRNAs. Intensive studies on plant systemic
signaling revealed the essential roles of proteins and RNA
species. However, many of their functions are still largely
unknown, with the roles of transported mRNAs being par
ticularly poorly understood. A major difficulty is the absence
of an accurate and comprehensive list of mobile transcripes.
In this gudy, we used a hetero-graft system with Nicotiana
benthamiana as the recipient scion and Arabidopsis as the
donor stock, to identify transcripes that moved long
distances across the graft union. We identified 138
Arabidopsis transcripts as mobile mRNAs, which we collect-
ively termed the mRNA mobilome. Reverse transcription—
PCR, quantitative real-time PCR and droplet digital PCR
analyses confirmed the mobility. The transcripts included
potential signaling factors and, unexpectedly, more general
factors. In our investigations, we found no preferred tran-
script length, no previously known sequence motifs in pro-
moter or transcript sequences and no similarities between
the level of the transcripts and that in the source leaves.
Grafting experiments regarding the function of ERECTA, an
identified transcript, showed that no function of the tran-
script mobilized. To our knowledge, this is the finst report
identifying transcripts that move over long distances using a
hetero-graft system between different plant taxa.

Keywords: Grak » Long-distance transport « Mobile mRNA
« Phloem « RNA-Seq.

Abbreviations: ddPCR, droplet digial PCR qPCR, quantita-
tive reaktime PCR RNA-Seq RANA sequencng: RT-PCR
reverse transaription-PCR

Introduction _

Systemic signaling & an essential mechanism for mukicelular
organisms 10 co-ordinace bodily functions and act as a single
living unit. In contrast to the animal nervous systems, plants
lack a similar electrical network of tissues besides, planes
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Dynamics of long-distance signaling
via plant vascular tissues

Michitaka Notaguchi +* and Satoru Okamoto 2+
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Plant vascular systems are constructed by specific cell wall modifications through which
colls are highly specialized to make conduits for water and nutrients. Xyfem vessels
are formed by thickened call walls that remain after programmed cell death, and serve
as water conduits from the root to the shoot. In contrast, phioem tissues consist of a
complex of iving cells, ncluding sieve tube elements and their neighboring companion
celis, and transiocate photosynthetic assimilates from mature leaves to developing
young tissues. Intensive studies on the content of vascular fow fluids have unveled
that plant vascular tissues transport various types of gene product, and the transport of

some provides the
xylem sap has demod
Recent studies havel
transported to above
ol nitrogen starvaticl

systems may serve nf
also as long-distanc
in internal and extermy

Keywoeds: long-dmtance
ystame sgaing, sylem
Introduction

Plant vascular tissves
their roles as conduits

phloem tissues have bed
characterized (only reid
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Long-Distance, Graft-Transmiss

ible Action of Arabidopsis

FLOWERING LOCUS T Protein to Promote Flowering

Michitaka Notaguchi

%, Mitsutomo Abe **, Takahiro Ki

wra ', Yasufumi Daimon *,

Toshinori Kobayashi %, Ayake Yamaguchi **, Yuki Tomita *, Koji Dohi *, Masashi Mori *

and Takashi Araki **

" Department of Botany, Graduate School of Science, Kyoto Universiry, Sakyo-ku, Kyoto, 6068502 J
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* Research Institute of Agricurural Resources, Islikawa Prefectwal University, Nomoichi-machi, Ishikawa, 921-8%36 Japan

Day length perceived by a leaf is a major

factor that controls the timing of flowering. It has been
belicved that a mobile, long-distance signal called florigen is
produced in the leaf under inductive day length conditions, and
is 1o the shoot apex where it triggers floral

Abbreviations: CC. compan
CLE wot shgnal 2 CLV. CLA
sk 1T,

tracheary clessent; XIPI. ryled

morphogenesis. Grafting experiments have shown that flori-
gen s trammissible from a dopor plant that has been
subjected to inductive day leagth to an uninduced recipient
plant. However, the pature of florigen has long remained
clusive, Arabidopsis FLOWERING LOCUS T (FD &
expressed in cotyledons and keaves in response to inductive
long days (LDs). FI' protein, with a basic region/leucine
Zipper (bZIP) transcription factor FD, acts in the shoot apex
1o induce target meristem identity genes such as APETALAI
(API) and initiates floral morphogenesis. Recent studics have
provided evidence that the FI protan in Arabidopsis and
coerespanding proteins in other species are an important part
of florigen. Our work shows that the FT activity, cither from
overexpresing or inducible transgenes or from the cndogen-
ow gene, 10 promote flowering is trammissible through a
graft junction, and that an FT protein with 2 17 tag is
tramported from a donor scion to the apical region of
recipient stock plants and becomes detectable within a day or
two. The sequence and stracture of mRNA are not of critical
importance for the long-distance action of the FT genc. These
obnervations led to the conclusion that the FT protein, but not
mRNA, is the essential component of florigen.

Keywords: Arabidopsis — Flowering — Florigen — FT
Graft — Long-distance signal

Abbreviations: bZIP, basic region/leucine  zipper;
CBB, Coomassic brlliant blue; CL, continvous light;
EGFP, chanced green fuorescent protein;  FT,
FLOWERING LOCUS T: GFP, green fluorescent protein;

GUS, gl dase; Hd3a, Heading date 3 HSP, b
shock protein; LD, long day; ORF, open reading fra
35S, cauliflower mosaic virus 355 RNA promoter; S/
shoot apical meristem; SD, short day; TFL1, TERMIN
FLOWER 1; UTR, untranslated region; ZT, mitgeber t

Introduction

Scasonal flowering is an important adaptive trai
plants that has direct consequences on reproductive succ
One of the most important environmental factors
influence the timing of Nowering is the change in day len
Plants monitor day length in the leaf to anticpate upcors
seasonal changes and initiate floral morphogenesis at
shoot apex (Imaizumi and Kay 2006). It has been belic
that upon perception of a favorable or inductive day ken
a mobile, long-distance signal called florigen is produce
leaves, and is then transported to the shoot apex whes
triggers floral morphogenesis (Chailakhyan 1937, Zeev:
1976). Classical experiments have suggested that florige
transmissible from a donor plant that has been subjecte
inductive day kngth to an uninduced recipicnt
through a graft junction (Zeevaart 1976). Grafting exy
ments involving a vanety of plants in terms of day les
response have provided strong support for the existenc
florigen and, in some cases, evidence for a common flori
among various species (Zeevaart 1976). However, des
efforts over many years, the nature of florigen has remai
elusive, until recently

FLOWERING LOCUS T (FT) is a potent promote
fRowering with a conserved role in the long-day (LD) pi
Arabidopsis (Kardailsky et al. 1999, Kobayashi et al. 19
wheat and barky (Yan et al. 2006) and possibly as
(Bohlenius et al. 2006), and the short-day (SD) plants

‘Present address: Depaniment of Biology, University of Pennsyhania, Philadeiphia, PA 19104, USA
hese ik

T authors contnbuted equally to this wor

*Corresponding author: E-mail, taraquie HEkyoto-uac jp; Fax, +81-75-753-6470.
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