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transcription factor gene in Eucalyptus tereticornis
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Wood is the most abundant raw material and is used as industrial product and renewable bioenergy resource. Genomic
studies in woody perennials have revealed the involvement of several wood associated transcription factors regulating the
coordinated process of wood formation. The homeodomain-leucine zipper (HD-ZIP) is one of the plant-specific
transcription factor known to play key role in plant development. It is expressed in provascular cells and cambial meristem
where it has been proposed to regulate vascular development. In this study, the homeodomain-leucine zipper class III
transcription factor gene (EtHB2) was isolated from leaf tissue of Eucalyptus tereticornis. The complete coding domain
sequence was 2535 base pairs (encodes for 844 amino acids) in length and harbored the signature domains including
homeodomain leucine zipper, START and MEKHLA. Tissue specific expression profiling of EtHB2 revealed its

predominant expression in developing xylem tissues.
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Introduction

Wood formation stipulates the coordinated
expression of a vast number of functional and
regulatory genes. Several reports on genes involved in
the biosynthesis of polysaccharides, lignins, cell wall
proteins and transcription factor in forest trees using
classical biochemical and molecular analysis are
documented!”®. The importance of transcriptional
regulation of secondary growth has been emphasized
in recent studies!®!, Several members of NAC
(VND, WND, SND), MYB, zinc finger, LIM domain,
MADS-box, WRKY, ARF-Aux/IAA and homeodomain
—transcription factors are reported to regulate
secondary wall biosynthesis!>!’.

Homeodomain-leucine zipper proteins are plant-
specific transcriptional factors known to play key role
in plant development including meristem regulation®,
organ and vascular development?!, hormones mediated
response® and response to environmental conditions®.
Based on sequence conservation, gene structure and
function, HD-ZIP genes are classified into four
subfamilies named HD-ZIP class I, 11, 111, and IV?*%.
The HD-ZIP III class of transcription are reported to
be specifically involved in embryogenesis®’, meristem
regulation®”®3!, lateral organs initiation®, leaf
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polarity?”3132| vascular system developmen and

auxin transport>**>, This class of transcription factor is
characterized by presence of four signature domains
including homeodomain (HD) for DNA binding;
leucine zipper (LZ) involved in dimerization; START
(STeroidogenic Acute Regulatory protein related lipid
Transfer) with sterol and lipid binding properties and
MEKHLA positioned in the C-terminal end is
involved in response to light, oxygen and redox
potential sensing®®-3%,

1293233

Recently, HD-ZIP III was reported to play a vital
role in vascular development in Arabidopsis thaliana,
Zinnia elegans, Populus trichocarpa and Eucalyptus
nitens'®1%34 However, the exact mechanism of HD-
ZIP 1II genes controlling secondary vascular
differentiation remains unclear. In Arabidopsis, five
members of HD-ZIP III including PHABULOSA
(PHB), PHAVOLUTA (PHYV), REVOLUTA/
INTERFASCICULAR  FIBERLESSI  (REVIIFLI),
ATHBS, and ATHB15/ CORONA (CNA)/ INCURVATA4
(ICU4) was documented®?>. Several studies in
Arabidopsis mutants revealed that PHB, PHV and
REV predominantly expressed in the vascular bundles,
adaxial region of lateral organs and apical meristem,
while the expression of AtHBS and CNA was
documented in vascular bundles and procambial
region*"**. HD-ZIP class III transcription factor from
P. trichocarpa (PtrHox 5, 7, 16, 23, 31, 39, 44, and
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61) were highly expressed in secondary xylem?. In E.
nitens, SNPs present in Eni-HBI were associated with
multiple wood property traits including microfibril
angle, pulp yield and total lignin*. The present study
was aimed at isolation, characterization and
expression profiling of HD-ZIP-III transcription
factor gene (EtHB2) from Eucalyptus tereticornis, a
tropical eucalyptus species.

Materials and Methods
Plant Materials

Leaf tissues were harvested from nineteen-year-old
E. tereticornis (Kupiano Provenance, seed lot no.
13398, Papua New Guinea) maintained in the seed
orchard at Karunya Research Plot, Coimbatore, India.
Fresh tissues were harvested and immediately frozen
in liquid nitrogen and stored at -80°C until RNA
isolation.

RNA Isolation and cDNA Synthesis

Total RNA was extracted from leaf tissues using
plant RNA isolation kit (Chromous Biotech,
Bangalore, India). The quality of RNA was checked

on a 1% agarose gel and concentration was
determined using NanoDrop 2000 UV-Vis
Spectrophotometer (Thermo  Scientific, USA).

Subsequently, total RNA was treated with RNase free
DNase I, (Fermentas, Pittsburgh, USA) as per
manufacturers’ procedure and first strand cDNA was
synthesized from 1 pg total RNA using the first strand
cDNA synthesis kit ( Fermentas, Pittsburgh, USA).

Amplification and Characterization of EtHB2 Gene

Five primer pairs targeting the HD-ZIP class III TF
from E. grandis was synthesized® (Table 1) and
amplified in 20puL PCR reaction containing 200 ng of
cDNA, 20 nM forward and reverse gene specific
primers, 2 puL of 10 x Tagq buffer, 2 unit of Prime Taq
polymerase (Genetbio, Nonsan, Korea) and 0. 8 uL of
2. 5 mM dNTP mix (Sigma Aldrich, St Louis, USA).
PCR was performed in Veriti 96 Well Thermal Cycler
(Applied Biosystems, Foster City, USA) using the
following programme: initial denaturation at 94°C for
5 min followed by 30 cycles of 94°C for 1 min, 60°C
for 30 sec, 72°C for 2 min and final extension at 72°C
for 10 min. The amplified fragments were separated
on a 0. 8% agarose gel. One hundered base pair DNA
ladder (Chromous Biotech, Bangalore, India) was
used to determine the size of the amplicons. The PCR
fragments were cloned using InsTAclone™ PCR
Cloning Kit (Fermentas, Pittsburgh, USA) using the

manufacturers’ procedure and sequenced. Further,
two primer pairs were designed and synthesized from
E. tereticornis sequence to span the complete gene.
All the primer pairs were designed using the online
software Primer3 (http://fokker. wi. mit. edu/primer3/)
and synthesized at IDT gene technologies (Canada).

Phylogenetic Analysis

Sequence analysis was performed using the Basic
Alignment Search Tools (BLASTn and BLASTX)
from National Centre for Biotechnology Information
(www. ncbi. nlm. nih. gov). The full length conserve
domain sequence (CDS) was derived from
overlapping fragments wusing CAP3 program
(http://pbil. univ-lyonl. fr/cap3. php/) and analyzed
with ORF (Open Reading Frame) finder program
(www. ncbi. nlm. nih. gov/projects/gorf/). Conserved
domains were identified using online
CD-search tool (www. ncbi. nlm. nih. gov/
structure/cdd/wrpsb. cgi?). The deduced amino acid
sequence was aligned and compared with HD-ZIP III
proteins from E. grandis (EgrHB), P. trichocarpa
(PtrHOX16) and A. thaliana (AtHB15/CNA) and the
conserved domains were viewed using CLC sequence
viewer 6. 9. 1 (www. clcbio. com). The phylogenetic
relationship with other major class III HD-ZIPs was
determined using MEGA 5.1% using neighbour joining
model with 1000 bootstrap replications.

Expression Analysis of EtHB2 in Different Tissues of
E. tereticornis
Plant Material, Quantitative Real-time PCR (qRT-PCR)

The tissue-specific expression pattern of EtHB2
was conducted using qRT-PCR in leaf, internode and
developing xylem tissues. RNA extraction and cDNA
synthesis was performed as per protocol described
before. Semi quantitative real time PCR primer pairs
were designed using Beacon Designer Software
(PREMIER Biosoft International, USA) and primer
pairs QRT EtHB2 FP: 5- AGAACCTGTGGCA
TCACTCAGA-3" and QRT EtHB2 RP: 5’-AGATC
CCACCTTGAAG ACAAGC-3’ were used for qRT-
PCR analysis. qRT-PCR was performed using SYBR
green chemistry using the ABI PRISM 7500 step one
plus  Sequence Detection System  (Applied
Biosystems, USA). The reaction mixtures included:
200 ng of cDNA, 10 pL of 2x SYBR Green PCR
Master Mix, 100 nM of forward and reverse primer,
and 7 pL of nuclease-free water in a 20 pL of final
volume reaction mix. The cycling conditions for
amplification included polymerase activation (10 min
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at 95°C), followed by 40 cycles of 95°C for 15 sec,
60°C for 1 min. A positive control, negative control,
no template control was also included. The melt
curve analysis was performed for the primer pair to
confirm product specificity. EtAct and EtSAND were
used as reference genes for normalization of data*.
The relative expression was calculated using the
delta-Ct method*’.

Results and Discussion
Isolation and Characterization of EtHB2 Gene

The seven primer pairs targeting the HD-ZIP class
IIT transcription factor from E. grandis and
E. tereticornis amplified at approximately 500 to 1200 bp
(Table 1). The sequences were assembled to generate
a single contigs of 2535 bp. The complete CDS was
deposited in the GenBank with accession number
KF472162.1. The nucleotide sequence of EtHB2
showed 99% similarity to HB1-like protein (EcxHB1)
from Eucalyptus cladocalyx, 96% similarity to class
III HD-ZIP (CNA2) from Medicago truncatula and
93% similarity to the putative class III HD-ZIP gene
from Hevea brasiliensis.

The translated protein encoded by EtHB2 has 844
amino acid residues with a predicted molecular mass
0f 92912 kDa and a deduced isoelectric point of 6.23.
The major component of deduced amino acids
consisted of 10.9% of leucine, 9.2% of serine and
8.5% of alanine. The translated product showed 99%
similarity to HB-1 like protein from E. cladocalyx,
92% similarity to DNA binding protein from Ricinus
communis, 91% similarity to homeobox-leucine
zipper family protein/ lipid-binding START domain-
containing protein from Theobroma cacao and 86%
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The conserved domain search documented that the
ETHB2 contained HD, LZ, MEKHLA and START
domains which are also reported from their orthologs
from A. thaliana, Medicago truncatula, Oryza sativa,
Physcomitrella patens, P. trichocarpa, Ricinus
communis, Selanginella moellendorffii, Vitis vinifera
and Zea mays'®*"3% % One of the significant features
of HD-ZIP III proteins is the presence of a MEKHLA
domain in the C-terminus, which contains highly
conserved amino acids including Met (M) , Glu (E) ,
Lys (K), His (H) , Leu (L) , Ala (A) %. This domain
shares significant similarity with PAS domain, which
has a role in light, oxygen and redox potential
sensing®®. The amino acid sequence of EtHB2 was
compared with EgrHB, PtrHox16 and ATHB-15 and
all the four signature domains were shown to be highly
conserved across the orthologs (Fig. 1).

Phylogenetic Analysis

The phylogenetic relationship of EtHB2 with its
orthologs from other plant species is shown in Fig. 2.
This analysis revealed that EtHB2 is closely related to
EgrHB, VvHB3, CsHB4, CpHB2, PCN, RcHB3,
MeHB-5/6, MtCNA-1/2, GmHB-7/8/9, AtHBI15/
CNA, AIHB15/CNA and MgHB-5/6 forming a single
clade, which is in agreement with previous report!s.
Five HD-ZIP III gene family members of 4. thaliana
were included in the phylogeny (AtHBS,
AtHB15/CNA, AtREV, AtPHB and AtPHV), formed
two major clades: AtHB8, AtHB15/CNA clade and
AtREV, AtPHB and AtPHV clade, with AtPHB and
AtPHV as a sister pair. The predominant expression

identity to ATHB-15 from A. thaliana. of the ErHB2  orthologs  from  Populus
Table 1 — Details of primer pairs targeting EtHB2

Primers ID Sequence( 5°-3) Amplicon Similarity

Size ( bp)

EgrHB1-1 F GTATTGCTTTTTCTCCATTTTGC 1145 Eucalyptus

EgrHB1-2R TCAATAACTTGTTCATCGCAGTG cladocalyx, HBI

EgrHB1-3 F TGAATATTTCTGGAGATGGCAAC 1077 (99%)

EgrHB1-4 R ATTGTGGAGGACTCATACAATGG

EgrHB1-5 F AATACACAAAATGGTCCAAGCAT 876 Medicago

EgrHB1-6 R ATACGAAACCCAGAAGGAAGAAG truncatula CNA2

EgrHB1-7 F GTTAAGCAGGGGATTTAATGAGG 984 (96%)

EgrHB1-8 R CCACAGGTTCTTGAGAATCAACT Hevea brasilionsis

EgrHB1-9 F ACTATCGCATTTGAGTTTGCATT 775 classIll HD-ZIP

EgrHB1-10 R CACTACACAGACATGGCAAAAGA aene ((93%)

EtHBI1-11 F AAGCAAATCAAGGTCTGGTTC 1268

EtHBI-12 R AGTATGCATCAATACTGTTGTCAGC

EtHBI-13F GTTTCTCAGCTGGTGTATGAGAATG 523

EtHB1-14 R

ACTCCCATCTTCCAGAACAGAAGTAT
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Fig. 1 — Alignment of the deduced amino acid sequences of EtHB2 with HD-ZIP III proteins from E. grandis (EgrHB), P. trichocarpa
(PtrHOX16) and A. thaliana (AtHB15/CNA). The alignment was produces using CLC sequence viewer 6. 9. 1. The conserved domains
are shown in box and bZIP domain is underlined. Abbreviation: HD-Homeodomain, bZIP -basic leucine zipper domain, START -
STeroidogenic Acute Regulatory protein related lipid Transfer domain and MEKHLA domain.

(PCN) and Arabidopsis (AtHB15/CNA) in the cambial
and xylem tissues is reported!®*>*3, The present study
grouped these orthologs together suggesting their
synteny during evolution.

Tissue-Specific Expression Pattern of EtHB2

The relative expression analysis of EtHB2 was
performed in leaf, internode and developing xylem
using qRT-PCR (Fig. 3). The expression of EtHB2
was 4 and 2 fold higher in developing xylem and
internode tissue, respectively when compared to leaf
tissue. This result was comparable with earlier studies
from P. trichocarpa where the expression of PCN,
PtrHox31 and PtrHB7 was found to be mainly in the
cambial zone and xylem'®!°2°  Similarly, CNA
(Arabidopsis) and ZeHB-13 (Zinnia) showed ectopic
expression in procambium and promote Xylem
differentiation*?,

The tissue-specific expression patterns of EtHB2 and its
orthologs reported from other plants suggest that this
transcription factor can play a vital role in secondary xylem
development and may have a significant effect on the wood
properties. The strong genetic association (P < 0.01) was
found between SNPs in Eni-HBI and multiple wood
property traits including microfibril angle, pulp yield and
total lignin® in E. nitens suggesting that Eni-HBI
influenced the lignin and cellulose biosynthesis pathways
leading to cell wall development. The predominant
expression of EtHB2 in the developing xylem tissues also
suggests its significant role in regulation of secondary cell
wall development in E. fereticornis.

The isolation of the full length gene of EtHB2 can
provide a new resource to Eucalyptus breeders to use
this potential candidate gene in association mapping
and genetic engineering studies for modifications of
lignocellulosic biomass.
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Fig. 2 — Neighbour joining tree of EtHB2 (represented
by black triangle) with other homologues constructed
using MEGA 5. 1. Abbreviations: Me, Manihot esculenta,
Re, Ricinus communis; P, Populus trichocarpa; Cp, Carica
papaya; Vv, Vitis vinifera; Egr, Eucalyptus  grandis;
Et, Eucalyptus tereticornis; Cs, Cucumis sativus; Mt, Medicago
truncatula; Gm, Glycine max; At, Arabidopsis thaliana; Al,
Arabidopsis lyrata; Mg, Mimulus guttatus; CNA, CORONA;
PHB, PHABULOSA; PHV, PHAVOLUTA; REV, REVOLUTA;

PCN, POPCORONA and Out group- PpHBI from
Physcomitrella patens.
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Fig. 3 — Tissue specific expression of EtHB2 The relative expression
(Mean + SE, n=3) was calculated using delta-Ct method.
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