DOI 10.18699/BGRS/SB-2020-209

Transcripts specifically expressed during secondary
vascular development in Arabidopsis thaliana L.
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Abstract — Genes specifically expressed in only limited
number of tissues can serve as biomarkers for these tissues and
have important functions in development. In this work, we
provide the analysis of specifically expressed genes in vascular
tissues of Arabidopsis thaliana. Since these genes have mostly
unknown functions, this methodology can shed light on
functional annotation for new regulators of tissue development.
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Introduction

As a result of the increase in the accuracy, next generation
sequencing technologies allow now studying not only
differentially expressed genes (DEGs) but also so-called
specifically expressed genes (SEGs) that are not transcribed in
one or more tissues but have reads in others [1]. SEGs are
becoming widely used in medical research as highly specific
and sensitive biomarkers [2], [3], [4]. Also recognition of
SEGs starts to be an important issue in developmental biology.
Here we have elaborated the methodology for identification of
SEGs using RNA-Seq datasets taken from overlapping tissue
domains. The methodology was applied to distinguish and
study SEGs in the secondary vasculature of Arabidopsis
stems.

In Arabidopsis, the primary vasculature consists of
bundles where cambial stem cells (fascicular cambium)
intervene xylem and phloem, transporting water and nutrients,
respectively (reviewed in [5]). In secondary vascular
development, interfascicular cambium forms between
primary bundles generating altogether with the fascicular
cambium the continuous cylinder of vascular cambium, which
produces xylem and phloem, inward and outward,
respectively, similar to wooden plants.

Vascular tissues have specific markers for the following
(in some cases partly overlapping) domains: PXY/TDR,
PHLOEM INTERCALATED WITH XYLEM/TDIF
RECEPTOR for proximal cambium and the part of
differentiating xylem [6]; SMXLS5, SMAX1-LIKE 5 for distal
cambium and differentiating phloem [6], [7]; APL,
ALTERED PHLOEM DEVELOPMENT for differentiated
phloem ([8]; VND7, VASCULAR RELATED NAC
DOMAIN PROTEIN 7 for differentiating xylem vessels [9],
[10], and NST3, NAC SECONDARY WALL THICKENING
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PROMOTING 3 for xylem fibers [11]. Fluorescent reporters
driven by the promoters of these markers were employed in
fluorescence-activated nucleus sorting followed by RNA
sequencing [12]. We used these data for the identification of
SEGs.

Results

The raw datasets were preprocessed to calculate FPKM
values and estimate the threshold for the presence/absence of
transcription. Among 32650 genes transcribed in the
vasculature — 84% were expressed in all vascular tissues and
16% were not expressed at least in one tissue and belong to
SEGs. Comparison of these two gene groups shows that
ubiquitously expressed genes are mainly known genes or
members of known families, whereas 57% of SEGs encode
unknown and hypothetical proteins and non-coding RNAs.
Identification of these genes as SEGs in our study and
description of their specific expression domains in the
vasculature can be one of the first steps in their functional
annotation. Also, markers for specific domains were predicted
among known genes including microRNAs and genes
involved in hormonal pathways.
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