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Abstract            

 

We cloned a full-length gene from the kenaf plant putatively encoding hydroxycinnamoyl CoA:shikimate/quinate hydroxycinnamoyl 

transferase enzyme (HcHCT), which is involved in the lignin biosynthesis pathway. We examined the tissue and organ specific 

expression of an HcHCT ortholog during developmental stages and in response to abiotic stresses.  The full-length of the HcHCT 

ortholog consisted of a 1,296 bp open reading frame (ORF) encoding 431 peptides. The molecular weight of deduced amino acids 

was 47.71 kDa, with an isoelectric point (pI) of 5.79. The deduced amino acid sequence showed 80-86% identities with HCTs of 

other plants. The deduced amino acid sequence of the HcHCT ortholog has a histidine containing motif (HHAAD), characteristic for 

acyl transfer catalysis. A second consensus sequence, a DFGWG block, is another acyl transferase of the BAHD family. 

Phylogenetic analysis showed the closest relationship (86%) with HCT of Populus trichodcarpa (ACC63882). According to 

quantitative real-time reverse transcription PCR (QPCR) analysis, HcHCT transcript was expressed in all the tissues and organs, but 

the highest expression was observed in roots and mature flowers. The expression of HcHCT transcript was also examined in stem 

tissues of 3-week-old kenaf plants in response to various abiotic stresses. The expression of HcHCT transcript was highly induced by 

all treatments, including wound, SA, NaCl, cold, H2O2, ABA, and drought. HcHCT was highly expressed in response to cold, SA, 

and H2O2 at 24 h, 6 h, and 6 h after treatment, respectively. Our results suggest that we have cloned the full-length gene putatively 

encoding for HCT, which is responsive to various abiotic stresses. 

 

Keywords: kenaf (Hibiscus cannabinus L.), hydroxycinnamoyl CoA:shikimate/quinate hydroxycinnamoyl transferase enzyme 

(HCT), lignin biosynthesis, real-time PCR. 

Abbreviations: ABA- abscisic acid; HCT-hydroxycinnamoyl CoA:shikimate/quinate hydroxycinnamoyl transferase enzyme; MeJA-

methyl jasmonate; SA- salicylic acid; Hc- Hibiscus cannabinus. 

 

 

Introduction 

 

Kenaf (Hibiscus cannabinus L.), native to central Africa, is 

the third largest fiber crop of economic importance after 

cotton and jute. Kenaf is a rapid growing, short-day annual 

crop Rymsza, 1999). Kenaf stem mainly consists of an outer 

part called the bark, making up 35-40% of total stem weight, 

and an inner part called the core, making up the remaining 

60-65% of total stem weight (Lin et al., 2004). The ratio of 

cork vs. bark fiber is ~3:1 (Dempsey, 1975). Kenaf fibers are 

used in making agricultural and industrial products such as 

paper pulp, thermoplastics, composites, geotextile, fabrics, 

industrial absorbents, etc. The importance of kenaf as a wood 

substitute has increased due to the increased consumption of 

paper and paperboard materials. The per unit area production 

of kenaf is 3 to 5-fold higher than that of pulpwood trees, and 

the products are equal or superior to those of other woods.  

The amount and quality of pulp depends on the plant cell 

wall composition. Plant cell walls are mainly made of 

cellulose, hemicellulose, pectin, proteins, and/or lignin, 

which provide mechanical support to individual cells as well 

as to the whole plant. The components of cell wall and their 

proportions vary according to cell type. Lignin is one of the 

most   important   limiting   factors   for  conversion of  plant  

 

biomass to pulps or biofuels (Vanholme et al., 2010). Lignin 

protects cell wall polysaccharides from microbial degradation 

and also inhibits saccharification enzymes due to the reduced 

accessibility to cellulose microfibrils and the adsorption of 

enzymes to lignin. In addition, the down-stream processes of 

saccharification and fermentation can be inhibited by the by-

products produced during the process of removing lignin 

from biomass. Also, the removal of lignin from plant biomass 

is a costly process (Sticklen, 2008; Weng et al., 2008; 

Mansfield, 2009). These limitations prompted many 

researchers to design plants that either accumulate less lignin 

or produce lignins that are more amendable to chemical 

degradation. Lignin is an aromatic subunit polymer derived 

from phenylalanine (Fig 1). The main building blocks of 

lignin are hydroxycinnamyl alcohols (monolignols), 

including ρ-coumaryl, coniferyl, and sinapyl alcohols. These 

monolignols are synthesized through monolignol-specific 

pathways, undergo polymerization, and are incorporated into 

the lignin polymer (Weng et al., 2008). The resulting units of 

monolignols are called as guaiacyl (G), syringyl (S), and ρ-

hydroxyphenyl (H) units (Vanholme et al., 2008). In 

gymnosperms, lignin is composed mainly of G units with a 
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small amount of H units, while the lignin from angiosperms 

is composed of G and S units (Novo Uzal et al., 2009). Bast 

fiber (outer stem) of kenaf is comprised of lignin with a high 

S/G ratio (5:4) and a low amount of H units (S 83.3, G 15.4, 

and H 1.3%) (Gutiérrez et al., 2004). Kenaf bast fiber is 

composed of < 11% lignin, which is higher than in other non-

woody plants, and contains a great amount of cellulose (Van 

Dam, 1994; Gutiérrez et al., 2004; Marques, 2010). A series 

of well-defined enzymatic reactions occur in the lignin 

biosynthesis pathway. The initial step in lignin biosynthesis 

begins with deamination of phenylalanine by phenylalanine 

ammonia lyase (PAL), leading to the formation of CoA 

thioester from hydroxyl cinnamic acid (HCA) by 4-

coumarate-coenzyme A ligase (4CL) utilizing the 

phenylpropanoid pathway in the cytosol (Fig 1). The genes 

involved in lignin biosynthesis can alter lignin composition 

by up- or down-regulation processes (Li Y et al., 2003; Ralph 

et al., 2006; Shadle et al., 2007). Down-regulation of the up-

stream genes (C3H, HCT, or 4CL) can reduce the lignin 

content and affect lignin composition (Li et al., 2008; Xu et 

al., 2008). HCT gene silencing causes a reduction of both G 

and S units and increases the H unit in Nicotiana 

benthamiana and Medicago sativa, which confirms that 

lignin biosynthesis can be controlled by HCT activity 

(Hoffmann et al., 2004; Chen et al., 2006). 

Hydroxycinnamoyltransferase (HCT) is a recently discovered 

enzyme of the monolignol-specific pathway, which catalyzes 

the reactions both immediately preceding and following 

insertion of the 3-hydroxyl group into monolignol precursors 

(Hoffmann et al., 2003 and 2004). HCT enzyme converts ρ-

coumaroyl CoA and caffeoyl CoA to their corresponding 

shikimate or quinate esters, and also catalyzes the reverse 

reaction. The shikimate and quinate esters of ρ-coumaroyl 

CoA are the preferred substrates for hydroxylation by ρ-

coumarate 3-hydroxylase (C3H), resulting in the conversion 

of their corresponding caffeoyl CoA esters (Fig 1) (Schoch et 

al., 2001; Hoffmann et al., 2003). In this study, the HCT gene 

putatively involved in lignin biosynthesis was cloned and 

characterized to investigate its expression pattern during the 

developmental stages of various tissues and organs, as well as 

in response to various abiotic stresses such as those produced 

by wounds, salicylic acid (SA), NaCl, cold, H2O2, ABA, and 

methyl jasmonic acid (MeJA) in 3-week-old stem tissues of 

Hibiscus cannabinus.  

 

Results and Discussion  

 

Cloning of kenaf HCT ortholog and sequence 

characterization  

 

Degenerate primers and the RACE (rapid amplification of 

cDNA ends) system were used to clone a full-length HCT 

kenaf ortholog (GenBank Accession No. JQ779021). The 

cloned length of the kenaf HCT ortholog was 1,323 bp, with 

an open reading frame (ORF) of 1,296 bp, and its translation 

product was a 431 peptide residue (Fig 2). ExPASy 

Proteomic Server results indicated that the predicted 

molecular weight of the translated protein would be 47.71 

kDa with an isoelectric point (pI) of 5.79. The deduced kenaf 

HCT ortholog shared 86, 84, 82, 82, 81, 81, 80, and 80% 

identities with other HCT proteins from Populus trichocarpa, 

Arabidopsis thaliana, Coffea canephora, Cynara 

cardunculus, Cucumis sativus, Trifolium pretense, Ipomoea 

batatas, and Solenostemon scutellarioides, respectively, 

which belong to a superfamily of plant acyltransferases (Fig 

3 and 4).  The kenaf HCT acyltransferase has a histidine 

containing motif (HHAAD, amino acids 153-157 in gray 

box; Fig 3) matching the highly conserved HXXXD motif, 

characteristic for acyltransfer proteins, as does the HCT 

isolated from Cynara cardunculus L. (Comino et al., 2007). 

A second consensus sequence is the DFGWG block (amino 

acids 378-382 in gray box; Fig 3) present in other 

acyltransferases of the BAHD family (St Pierre et al., 1998; 

Suzuki et al., 2003; D'Auria et al., 2006).  SignalP 4.0 

analysis indicates that there is no cleavage site and it might 

be a non-secretory protein. TargetP V1.1 analysis also 

indicates that there is no significant signal peptide for sub-

cellular localization based on N-terminal amino acid 

sequence, which strongly suggests that the protein might be a 

cytoplasmic protein.  A phylogenetic tree was constructed by 

the neighbor joining method of MEGA5 using HCT amino 

acid sequences of 13 plant species. Phylogenetic tree analysis 

showed that the closest relationship for the kenaf HCT 

ortholog was with Populus trichodcarpa HCT (ACC63882, 

86% identity). The kenaf HCT enzyme belongs to a large 

family of acyltransferases in Arabidopsis, because it accepts 

ρ-coumaroyl CoA and caffeoyl CoA as substrates and 

transfers the acyl group on both shikimate and quinate 

acceptors (Fig 1) (Hoffmann et al., 2004). Repression of the 

HCT gene causes poor S-lignin synthesis in an Arabidopsis 

mutant and has a direct effect on lignin biosynthesis 

(Hoffmann et al., 2004). These results support that the kenaf 

HCT ortholog is similar to the Arabidopsis HCT gene and is 

involved in the lignin biosynthesis pathway. Therefore, the 

HCT ortholog of kenaf is from now on designated as HcHCT.  

 

Tissue and organ specific expression of HcHCT gene   
 

Total RNA was extracted from different tissues and organs 

(root, stem, petiole, and mature flower) of the kenaf plant to 

examine the expression pattern of the HcHCT transcript. 

Quantitative real-time reverse transcription PCR (QPCR) 

results indicated that expression pattern of HcHCT transcript 

was ubiquitous in all parts of a 4-week old plant, but was 

relatively high in roots and mature flowers (Fig 5A). HcHCT 

transcript was sharply increased in the stem development 

stage up to 4 weeks, and then abruptly decreased at 8 weeks 

and maintained its level for up to 20 weeks (Fig 5B). The 

highest level of HcHCT transcript was detected in young 

flowers and young leafs during stages of flowering and leaf 

development, respectively (Fig 5C and 5D). The previous 

result suggests that both the HCT1 and HCT2 of red clover 

plants were expressed in all tissues such as stems, leafs and 

flowers, but was high in flowers compared to expression in 

unexpanded leafs, mature leafs, and stems (Michael and 

Sullivan, 2009). HCT was also expressed in all tissues of 

Arabidopsis, with the strongest expression being in 

florescence stem tissue (Raes et al., 2003). Phenylpropanoid-

derived compounds were highly detected in Arabidopsis 

flowers (Chapple et al., 1994), and HcHCT showed high 

levels of expression in flowers and roots, which suggests that 

HcHCT participates in the biosynthesis of secondary 

metabolites in floral and root tissues.  

 

Expression of HcHCT gene in response to various abiotic 

stresses               
 

Plants are exposed to various abiotic and biotic stresses in 

nature, and have evolved numerous mechanisms for cell wall 

modification to defend themselves. Lignin protects cell wall 

polysaccharides from microbial degradation and imparts 

resistance to decay. Several enzymes are involved in the 

lignin biosynthesis pathway. The genes involved in lignin 

biosynthesis    respond   to   various   biotic and abiotic stress  
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Fig 1.  A current view of the lignin biosynthesis pathway in angiosperms.  PAL, phenylalanine ammonia-lyase; C4H, cinnamate 4-

hydroxylase; C3H, ρ-coumarate 3-hydroxylase; 4CL, 4- hydroxycinnamoyl-CoA ligase; HCT, hydroxycinnamoyltransferase; 

CCoAOMT, caffeoyl-CoA O-methyltransferase; CCR, cinnamoyl-CoA reductase; F5H, ferulate 5-hydroxylase; CAD, 

cinnamylalcohol dehydrogenase; COMT, caffeic/5-hydroxyferulic acid O-methyltransferase; SAD, sinapylalcohol dehydrogenase. 

 

 

conditions, such as wounding, pathogen infection, metabolic 

stress, and perturbations in cell wall structure (Caño-Delgado 

et al., 2003; Tronchet et al., 2010). Many researchers are also 

involved in investigating the crucial roles of different 

enzymes in the lignin biosynthesis pathway during stress 

conditions. In this experiment, we also tried to elucidate the 

role of HcHCT in response to various treatments and stresses 

(wound, SA, NaCl, cold, H2O2, ABA, MeJA, and drought) 

using QPCR. Stem tissues of 3-week-old kenaf plants were 

used to investigate the expression pattern of HcHCT 

transcript. QPCR results showed that HcHCT transcript was 

induced by all treatments at the early, intermediate or late 

stage of treatment (Fig 6). Among the treatments, the highest 

expression of HcHCT transcript was observed after 24 h of 

cold treatment, followed by the treatment with H2O2 (6 h 

after treatment), while the lowest expressions were found 

following treatments with drought and wound (7 d and 24 h 

after treatment, respectively). MeJA treatment did not 

increase the level of HcHCT transcript, but rather reduced the 

transcript. Depending on the time of maximum expression, 

the expression can be divided into 3 groups: i) early 

expression (6-12 h) by SA, H2O2 and wound; ii) intermediate 

expression (24 h) by cold and ABA, and iii) late expression 

(48 h) by NaCl. The expression pattern of HcHCT in 

response to drought and MeJA was little different than others. 

HcHCT transcript was highly expressed at 7 days after 

treatment by drought, decreased significantly up to 10 days, 

and then increased again up to 17 days after treatment. In the 

case of MeJA treatment, HcHCT expression was decreased at 

24 h after treatment.   

 

Wound 
 

Lignification is a frequent process demonstrated by plants in 

response to infection and wounding (Raes et al., 2003). 

Similar responses, such as rapid accumulation of phenolic 

compounds, defense related gene expression, and lignin 

deposition at injury or invasion sites, were observed by 

wounding and pathogenic infection (Chen et al., 2000). It has 

been reported that a lignin biosynthesis gene resembling 

HCT1 was up-regulated locally in the bark of Norway spruce 

(Picea abies) trees in response to pathogens and wounding 

(Nadeem et al., 2012). Another study stated that the gene 

(GH618817) of tea leaf, which has high sequence identity 

with HCT of Populus trichocarpa (XP002329671), was up-

regulated by wounding following green leaf hopper 

infestation (Yanga et al., 2011). It has been stated that several 

genes of the lignin biosynthesis pathway were induced by 

wounding and microbial elicitors (Moura et al., 2010).   

 

ABA 

 

Abscisic acid (ABA) plays important signaling and 

regulatory roles that enable plants to survive under various 

conditions of abiotic stresses, such as drought, salinity and 

cold  (Finkelstein and Rock, 2002). ABA is a senescence-

triggering plant hormone which acts as an important signal 

transducer in response to wounding and microbial infection 

in plants. The PAL1 gene of Salvia miltiorrhiza was found to 

be induced by various treatments including ABA, wounding, 

and dehydration (Song et al., 2009). Research on strawberry 

fruit with ABA treatment proved that ABA could up-regulate 

PAL activity during fruit ripening (Jiang and Joyce, 2003). 

From the previous findings, it is clear that ABA triggers the 

expression of lignin biosynthesis genes, which supports our 

findings.  

 

Drought 

 

In contrast to the lignification induced by stress, lignin has 

negative effects on plant growth (Osakabe, 2011). 

Lignification and biosynthesis of lignin precursors are 

induced by biotic and abiotic stresses such as wounding, 

pathogen attack, and drought (Vance et al., 1980; Dixon and 

Paiva, 1995; Hu et al., 1999; Alvarez et al., 2008). The 2 

genes CCR1 and CCR2, encoding cinnamoyl-CoA reductase 

1 and 2 activity, which are involved in lignin biosynthesis, 

were increased by drought stress (Fan et al., 2006). A recent 

report showed that the level of caffeate O-methyltransferase 

(CCR), an enzyme associated with lignin biosynthesis, can be 

increased in the immature elongating tissues of maize leaf 

due to water deficit (Vincent et al., 2005). Maize CCR 

transcript was up-regulated early in a root elongation zone by 

water deficit. We found that drought treatment caused the 

biphasic expression of HcHCT with early induction.  
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Fig 2.  Full-length coding and deduced amino acid sequence 

of kenaf HCT ortholog.  The start codon (ATG) and stop 

codon (TAA) are underlined. 

 

NaCl 

 

Salinity is a major problem in agriculture and posses a threat 

to plant life, and plants have developed several mechanisms 

to meet this threat. Accumulation of lignin or alteration of the  

monomeric composition of lignin in the cell wall are the 

important mechanisms plants use to overcome salinity stress 

(Neves et al., 2010). Proteome analysis of xylem sap of 

Brassica oleraceae demonstrated that the accumulation of 

hydroxycinnamoyl-CoA:shikimate hydroxycinnamoyl trans- 

ferase, acid peroxidase, and cysteine protein, involved in 

lignification, was induced by salt stress (Fernandez-Garcia et 

al., 2009). It was also observed that the root of B. oleraceae 

was lignified under salt treatment (Fernandez-Garcia et al., 

2009); thus lignin biosynthesis genes are induced by salt 

stress, which affects the lignification process. 

 

SA 

 

SA plays a crucial role in the regulation of physiological and 

biochemical processes of plants, even in stress conditions 

such as drought, chilling, heavy metal toxicity, heat, and 

osmotic stress (Vicente and Plasencia, 2011). In our 

experiment, HcHCT transcript was up-regulated by SA. 

Previous results showed that genes encoding enzymes in 

general the phenylpropanoid pathways of phytoalexin, 

anthocyanin, and lignin synthesis were coordinately induced 

by treatments with SA and MeJA (Salzman et al., 2005). The 

promoter activity of IbCAD1 encoding cinnamyl alcohol 

dehydrogenase of sweet potato was strongly induced by SA, 

jasmonic acid (JA), and ABA (Kim, 2010).  

 

MeJA 
 

Jasmonic acid (JA) and its methyl ester (MeJA), collectively 

termed as jasmonates, function as key signalling molecules in 

the wound signal transduction pathway (Seo et al., 1997). 

Wound signals are transmitted to JA. Defense gene 

expression is controlled by either a JA-dependent or JA-

independent pathway in response to wounding (Perez-

Amador et al., 2002; Soltani et al., 2006). It has been reported 

that the lignin biosynthesis gene (HCT1) was up- regulated 

locally in the bark of Norway spruce (Picea abies) trees in 

response to MeJA (Nadeem et al., 2012). In our experiment, 

HcHCT transcript was repressed at 24 h after treatment with 

MeJA. The results suggest that multiple signaling routes 

might exist for phenylpropanoid gene transcriptional 

activation (Batard et al., 2000). Therefore, the different 

expression patterns of HCT in response to MeJA may be due 

to multiple JA signaling pathways (Soltani et al., 2006).  

 

Cold 

 

During cold acclimation, a number of physiological and 

biochemical changes occur in plants, including changes in 

gene expression, plant cell wall composition, membrane 

structure, and primary/secondary metabolism (Guy, 1990; 

Thomashow, 1999; Wisniewski et al., 2003; Kaplan et al., 

2004). It has been reported that C3H (CYP98A3) was up-

regulated 47-fold in cold acclimated leaf tissues of 

Rhododendron (Wei et al., 2006). A recent study showed  a 

general increase of the Arabidopsis leaf metabolome, as 

reflected in the pool size of phenylpropanoid pathway 

intermediates due to cold stress (Kaplan et al. 2004). 

Phenylalanine ammonia-lyase (PAL) was up-regulated after 

cold treatment in rice seedlings (Cui et al., 2005). These 

findings support that cold stress can up-regulate genes 

involved in the lignin biosynthesis pathway. 

 

H2O2 

 

As an ultimate electron acceptor, peroxidases require H2O2, 

and H2O2 synthesis may be the rate-limiting factor for lignin 

polymerization (Nose et al., 1995; Gabaldón et al., 2006). 

Previous experiments showed that IbCAD1 promoter activity 

was highly induced by H2O2 treatment (Kim et al., 2010). 

In a brief, we have cloned a full-length gene from Hibiscus 

cannabinus putatively encoding hydroxycinnamoyl CoA: 

shikimate/quinate hydroxycinnamoyl transferase (HCT) 

enzyme. However, it is not clear whether there may be other 

copies of the HCT gene in kenaf plants which may act 

differently to various treatments applied. HCT is an 

important enzyme in the lignin biosynthesis pathway, and 

lignin content can be regulated by down-regulation or up-

regulation of the up-stream HCT gene. Further investigation 

is required to understand the relationship between stresses 

and expression of the genes related to lignin modification.  

 

Materials and methods 

 

Plant materials 
 

Kenaf seeds (Hibiscus cannabinus L., C-9) originated from 

Russia, and were provided by Dr. Si-Yong Kang (Advanced 

Radiation Technology Institute, Korea Atomic Energy 

Research Institute, Jeongeup 580-185, Korea) (GeneBank of 

Korea Rural Development Administration IT No. 202789). 

Seeds were sown in pots filled with a sterile non-soil mixture 

(TOBIETEC, Chungbuk, Korea) and seedlings were grown 

up to 4 weeks while being maintained using a 16-h light/8-h 

dark photoperiod at 22°C with watering twice a week in a 

growth   room. Photosynthetically   active   radiation   (PAR)  
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Fig 3.  Multiple alignment of kenaf HCT ortholog.  Alignment with members of other species ofhydroxycinnamoyl transferase 

family was generated using ClustalW and BOXHADE sequence alignment program. The same amino acids are highlighted in black. 

Gray boxes indicate the structural motifs conserved in the acyltransferase family. GenBank accession numbers are represented as 

follows: 1, Arabidopsis thaliana (NP199704); 2, Hibiscus cannabinus (JQ779021); 3, Populus trichocarpa (ACC63882); 4, Cucumis 

sativus (AEJ88365); 5, Medicago Truncatula (XP003637275); 6, Trifolium pretense (ACI16630); 7, Salvia miltiorrhiza 

(ACA64049); 8, Solenostemon scutellarioides (CBI83579); 9, Ipomoea batatas (BAJ14794); 10, Coffea canephora (ABO47805); 11, 

Cynara cardunculus (AAZ80046); 12, Pinus radiate (ABO52899).  
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Fig 4.  Phylogenetic analysis of kenaf HCT amino acid 

sequence with other plant species of the acyltransferase 

family.  The phylogenetic tree was generated by the 

neighbor-joining method using ClustalW and Mega5. 

Boostrap values from 1000 replications are at the nodes. 

GenBank accession numbers are given below: Arabidopsis 

thaliana (NP199704), Hibiscus cannabinus (JQ779021), 

Populus trichocarpa (ACC63882), Cucumis sativus 

(AEJ88365), Medicago truncatula (XP003637275), 

Trifolium pretense (ACI16630), Salvia miltiorrhiza 

(ACA64049), Solenostemon scutellarioides (CBI83579), 

Ipomoea batatas (BAJ14794), Coffea canephora 

(ABO47805), Cynara cardunculus (AAZ80046), and Pinus 

radiate (ABO52899). Streptomyces violaceusniger 

(YP004810992) sequence was used as an outgroup for 

rooting the tree. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5.  Expression pattern of kenaf HCT ortholog in various 

tissues and organs during developmental stage.  The relative 

transcript levels were measured by QPCR and ACTIN was 

used as an internal control. HCT transcript level was adjusted 

after deduction of the control transcript level. (A) Expression 

pattern of kenaf HCT ortholog in various tissues and organs 

from 16-week-old kenaf plants, (B) expression pattern of 

kenaf HCT ortholog during stem development (2, 3, 4, 8, 16, 

20 weeks after sowing), (C) expression pattern of kenaf HCT 

ortholog during flower development (YF-young flower, IF-

immature flower, MF-mature flower), and (D) expression 

pattern of kenaf HCT ortholog during leaf development (YU-

young leaf, IL-immature leaf, ML-mature leaf). ACTIN 

(DQ866836) was used as an expression control. Bar shows 

the average ± standard error of 3 biological replications. 

 

 

 

irradiance was 100 µmol m-2 s-1 during the growth period. 

After 4 weeks, Kenaf seedlings were transplanted into the 20-

cm pots filled with the same potting mixtures and transferred 

to a greenhouse with natural sunlight. The seedlings were 

maintained up to 20 weeks with watering twice a week under 

greenhouse conditions. After 16 weeks, various tissue 

samples (root, stem, petiole, leaf, and flower) were collected 

from kenaf plants grown in the greenhouse. For 

transcriptional analysis, leaf samples were harvested at the 

following 3 developmental stages: i) young leaf (YL, < 2 cm 

long), ii) immature leaf (IL, 3-5 cm long), and iii) mature leaf 

(ML > 9 cm long). Flower samples were also harvested for 

transcriptional analysis at the following 3 developmental 

stages: i) young flower (YF, unopened green flower, < 2 cm 

long with green sepal), ii) immature flower (IF, unopened 

white flower, > 3 cm long with green sepal), and iii) mature 

flower (MF, open white flower). The expression of HcHCT 

transcript was also examined in stem tissues of 3-week-old 

kenaf plants in response to various abiotic stresses. 

 

Abiotic stress treatments  
 

Different abiotic stresses were imposed on 3-week-old kenaf 

seedlings grown in the growth room. Stem tissues of kenaf 

seedlings were harvested at different times after treatment 

and samples were used for QPCR analysis. Kenaf plants were 

exposed to 10°C for 1, 6, 24, and 48 h for cold treatment. 

Kenaf seedlings were watered with ABA (100 µM), H2O2 (10 

mM), SA (5 mM), or NaCl (200 mM) to investigate the 

effects of various stresses on HCT transcript (Gao et al., 

2009; Zheng et al., 2010). Kenaf seedlings, watered with 

distilled water, were used as control specimens. Kenaf stems 

were cut longitudinally twice with scissors for wounding 

treatment. In the case of MeJA treatment, 100 µM MeJA 

dissolved in 0.004% ethanol was sprayed onto kenaf 

seedlings and the treated seedlings were covered with vinyl 

bags. Kenaf seedlings, spraying with 0.004% ethanol, were 

used as control specimens. The stem tissues of plants 

receiving the respective treatments, including control 

specimens, were harvested for analysis at 1, 6, 24, and 48 h 

after treatment. All plant samples were frozen in liquid 

nitrogen and stored at -80°C. 

 

RNA isolation 

 

A protocol was designed based on modification of published 

methods (Bailey et al., 2005; Yang et al., 2008) to obtain 

RNA using a Qiagen RNeasy Mini kit (Qiagen, Valencia, 

CA, USA). Harvested samples were ground in liquid nitrogen 

and sea sand using a mortar and pestle. Two types of 

extraction buffer were used for RNA extraction. Extraction 

buffer-I was prepared with 2% (w/v) CTAB, 0.1 M Tris-HCl 

(pH 8.0), 1.4 M NaCl, 20 mM EDTA (pH 8.0), and 2% (w/v) 

PVP. Extraction buffer II was prepared with 2% (w/v) 

CTAB, 0.1 M Tris-HCL (pH 8.0), 1.4 M NaCl, 20 mM 

EDTA (pH8.0), and 2% (w/v) PVPP. DEPC-treated water 

(0.1%) was used to make the solutions needed for RNA 

extraction. Extraction buffers-I, II and 2-mercaptoethanol 

(2%, w/v) were mixed and incubated at 65°C prior to use. 

The mixed extraction buffer solution was added to the ground 

samples, mixed vigorously, and incubated at 65°C for 20 

min.  An equal volume of chloroform was added, mixed 

vigorously by vortex, and then centrifuged at 8,000 × g for 30 

min. After centrifugation, the supernatant was transferred 

into a new tube and the chloroform extraction step was 

repeated one more time. A one-third volume of DEPC-treated 

8 M LiCl   was   added   and   incubated  at 4°C  overnight  to  
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Fig 6.  Expression pattern of kenaf HCT ortholog in response 

to various abiotic stress treatments. The level of HcHCT 

transcript in response to various abiotic stresses was 

examined in stem tissues of 3-week-old kenaf plants. ACTIN 

(DQ866836) was used as an expression control. Bar shows 

the average ± standard error of 3 biological replications.  

 

precipitate RNA and then centrifuged at 8,000 × g, at 4°C for 

1 h. The supernatant was discarded and 500 µL Qiagen buffer 

RLT with 1% (w/v) 2-mercaptoethanol was added to dissolve 

the pellet (Christensen et al., 2001). Pure ethanol (250 µL) 

was added to precipitate RNA, mixed well, and then 

transferred to a Qiagen RNeasy mini-column, followed by 

centrifugation of the column at 14,000 × g for 1 min. Then, 

the solution was removed, and 700 µL of Qiagen RW1 buffer 

was added to wash by centrifugation at 14,000 × g for 15 sec. 

Qiagen RPE buffer (500 µL) was added to the column to 

wash 2 times following centrifugation at 14,000 × g for 15 

sec. The washing step was repeated following centrifugation 

at 14,000 × g for 2 min.  RNA was eluted twice with 50 µL 

water, then treated with 80 µL DNase I (10 µL DNase I and 

70 µL buffer; Roche Applied Science, Indianapolis, IN, 

USA), and incubated for 15 min at room temperature. RNA 

was treated with an equal volume of 3:1 phenol:CHCl3 and 

centrifuged at 14,000 × g, at 4°C for 10 min.  The supernatant 

was transferred into a new tube.  RNA was precipitated by 

adding 20 µL of 3 M NaOAc (pH 5.5) and 600 µL of 100% 

ethanol, followed by incubation overnight at -80°C. RNA was 

collected by centrifugation at 14,000 × g, 4°C for 10 min, and 

the supernatant was discarded. The RNA pellet was washed 

with 80% ethanol. After washing and air-drying, RNA was 

suspended in 50 µL water.  

 

Cloning 

 

According to the manufacturer’s instructions, 2 µg of total 

RNA was used for cDNA synthesis of the transcriptionally 

active HCT ortholog using Superscript® III First-Strand 

Synthesis Supermix (Invitrogen, Carlsbad, CA, USA). Gene 

specific degenerate primers [HCT-F, 5’- CG(T/A/C/G)A 

C(G/A/C)CT(A/C)CTCCG-3’ and HCT-R, 5’-

CCAAA(A/G)TC(T/A)GCATCAT-3’] were used and the 

primers were designed based on the consensus sequences of 

the HCT orthologs of Clitoria ternatea (AB185953), 

Arabidopsis thaliana (124270.3), Coffea canephora 

(EF137954), Coffea arabica (EF143341), and Capsicum 

annuum (EU616565). Both 5’ and 3’ RACE (rapid 

amplification of cDNA ends) were performed using the 

RACE system (Invitrogen) to clone a full-length of the HCT 

ortholog. Electrophoresis was conducted using the PCR 

product through 1.2% agarose gel for confirmation, and the 

PCR product was purified using the Wizard® SV Gel and 

PCR Clean-up System (Promega, Madison, WI, USA). After 

purification, the product was cloned into pGEM® -T easy 

Vector (Promega) and prepared for sequencing.  DNA 

sequences were determined by Cosmogenetech Co. (Seoul, 

Korea).  

 

QPCR analysis 
 

QPCR conditions and data analysis were performed 

according to the previously described method (Bae et al., 

2008). The Mx3000P QPCR system (Agilent, Santa Clara, 

CA, USA) with SYBR Green QPCR Master Mix (Agilent) 

was used to perform QPCR. Primer 3 software of Biology 

Workbench (http://workbench.sdsc.edu/) was used for 

designing the primers. The forward primer for the HCT 

ortholog was 5’-CTGGTTACTTTGGAAATGTGATCTT-3’ 

and reverse primer was 5’-AAGGTTTGGACACTTGAA- 

TGTATGT-3’. As an expression control, a housekeeping 

gene, ACTIN (DQ866836), was used with the primer 

sequences: forward primer, 5’-ATGGACAAGTCATTACT- 

-ATTGGAGC-3’ and reverse primer, 5’-AGTGATTTCCTT- 

GCT CATACGG T-3’.  

 

Data analyses 

 

NCBI Blast (http://blast. ncbi.nlm.nih.gov/), Biology 

WorkBench, ExPASy Proteomics Server (http://expasy.org/ 

tools/pi_tool.html), SignalP 4.0 (http://www.cbs.dtu.dk/ 

services/SignalP/) and TargetP V1.1 (http: //www.cbs.dtu.dk/ 

services/ TargetP/) were used to analyze DNA and protein 

sequences. On the basis of amino acid sequences, a 

phylogenetic tree was constructed following the neighbor 

joining method in Mega5 (http://www.megasoftware.net/).  
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