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Abstract  

 CCCH-type zinc-finger protein (ZnF_CCCH) family is one of the most important transcription factors 
(TFs) linked to various biotic and abiotic stressors and physiological and developmental processes in plants. 
This study aims to clone and characterise the latex gene expression patterns, evolution and characteristics 
of the Hevea brasiliensis ZnF_CCCH domain-containing protein 66 (HbC3H66) gene. These results 
showed that the open reading frame (ORF) of the HbC3H66 gene was 2,106 bp, encoding 701 aa and the 
calculated molecular weight of the encoded protein was 76.52 kDa. The N-terminal region of HbC3H66 
contains 2 ANK repeats in, PfK_2/FBPase-2 and 2 type zinc finger motifs. Phylogenetic analysis showed 
that the C3H66 amino acid from Hevea and other plant C3H66 were clustered into 1 group and could be 
used for evolutionary analysis. Semi-quantitative RT-PCR (sqRT-PCR) revealed that the HbC3H66 mRNA 
was abundance in high-yielding Hevea clones (RRIT251 and RRIM600) and treatment with 2.5 % of 
ethephon (Eth) induced HbC3H66 mRNA expression in the latex of 15 years old Hevea trees. The 
HbC3H66 gene was induced by water deficit and 0.5 M NaCl in the latex of 3-month-old Hevea. In 
conclusion, the HbC3H66 protein may play a role in DNA-binding transcriptional regulation in NR 
pathways. Which would provide a theoretical basis for understanding the evolution and functions of the 
Hevea C3H66 gene in rubber biosynthesis. 

Keywords: CCCH-type zinc finger protein, Hevea brasiliensis, Water deficit, Transcription factor, 
Ethylene, Drought stress, Salt stress 
 
Introduction 

 Hevea brasiliensis is an important economic and industrial crop on natural rubber-producing plants. 
Natural rubber (NR) which the constituent of monomer isopentenyl pyrophosphate (IPP) is synthesized 
from the mevalonate (MVA) pathways and possibly also from the 2-C-methyl-D-erythritol-4-phosphate 
(MEP) pathway in plants, multiple feedback mechanisms regulate both the MVA and MEP pathways [1]. 
The cytosolic mevalonate (MVA) pathway in H. brasiliensis latex is the conventionally accepted pathway 
which provides IPP for cis-1,4-polyisoprene (NR) biosynthesis. However, the plastidic MEP pathway may 
be an alternative source of IPP since its more recent discovery in plants. The presence of numerous rubber 
particles in the cytoplasm of laticifer cells, commonly known as latex, was an expression of the quantity 
and type of several genes involved in the stress response and biosynthesis of secondary metabolites. These 
genes all contribute to disease resistance and environmental adaptability [2].  In rubber production, the bark 
of Hevea trees is tapped for latex, usually every 3 days. This method induced stress on rubber trees, and 
they protected themselves by synthesizing rubber molecules. The NR biosynthesis pathways are now fully 
understood while the positive feedback control of rubber biosynthesis is poorly understood.  However, the 
regulation mechanism of the NR biosynthesis gene in the rubber tree has not yet been thoroughly 
investigated. Some transcription factors (TFs) participate in the activated genes responsible for NR 
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biosynthesis in Hevea trees. For example, 2 TFs, including Hb_bHLH1 and Hb_bHLH2 gene, upregulate 
the expression of HbREF3 and HbSRPP1 gene [3].  Therefore, the HbCZF1 gene upregulates the expression 
of HMGR1 gene [4]. HbHMGR2, HbHMGS2, HbCPT6, HbCPT8 and HbSRPP2 gene significantly increase 
when upregulated by HbTGA1 gene under salicylic acid [5]. As a result, TFs are critically important to the 
process of NR biosynthesis.  
 CCCH-type zinc-finger proteins (ZnF_CCCH) transcription factors (TFs) play important roles in 
plant growth and stress tolerance. It enables plants to endure adverse environmental conditions like low 
temperatures, salinity, drought and flooding [6]. Zinc finger proteins (ZnF) with the motif of 3 cysteine (C-
C-C) and histidine (H) residues are produced by the gene belonging to the ZnF_CCCH family [7]. It forms 
proteins known for their finger-like structure and ability to bind Zn2+.  Classifying these proteins as tandem 
ZnF_CCCH (TZF) or non-TZF proteins depends on how many and where these CCCH motifs are present. 
Tandem motifs are absent from non-TZF proteins, whereas TZF proteins contain tandem ZnF_CCCH 
motifs [8]. The non-TZF and TZF genes are essential for various biological activities, including the 
development of biotic and abiotic stresses [9]. An arginine-rich (RR) region is found in front of the TZF 
motif (RR-TZF) in many plants. Overall, there are 2 categories of plant RR-TZF proteins: ANK-RR-TZF, 
which also includes the ANK (Ankyrin) domain and RR-TZF, which has the RR and TZF domains. The 
plant ANK-RR-TZF domain has mechanisms like that of animals, and wherein TZF is responsible for RNA 
targeting and transcriptional regulation in response to stress. These proteins contribute to drought tolerance 
[10]. In addition, the mechanism governing the ZnF_CCCH protein is rarely reported in Hevea trees, and 
the regulation of expressions remains unclear. 
 It has been reported that each Hevea clone can withstand drought differently. Among the clones 
evaluated in the field conditions clone, RRIM600 exhibits better growth and yield [11]. Moreover, Tapping 
Panel Dryness (TPD), a physiological disease, is becoming more common as domestic farmers use high-
yielding rapid clones and intensive harvesting systems, which causes an ongoing decline in rubber 
production. TPD causes an estimated 12 - 20 % loss in rubber output, which can rise due to climate change.  
Environmental and harvesting stresses can cause oxidative stress and TPD induction in laticifers [12]. 
 The zinc finger CCCH domain-containing protein 66 (HbC3H66) gene in Hevea trees needs more 
research into the controlled mechanisms of rubber production and stress tolerance. The protein is one of the 
subgroups of the ZnF_CCCH protein family. The mechanism of this gene has not been previously 
uncharacterized in rubber trees; therefore, the current study focuses on recent advances in deciphering the 
nucleotide sequences, structures, functions and classifications of the HbC3H66 gene, as well as its roles in 
abiotic stress (water deficit and salinity) and ethylene treatment responses. Once the functional group is 
known and the expression of this gene exhibits a positive correlation with yielding and abiotic stress, we 
can use the relationship to identify high-yielding and drought-tolerant Hevea clones. Therefore, this 
research emphasizes the zinc finger CCCH gene since the high-yielding Hevea clone is sensitive to TPD 
symptoms due to drought stress. 
 
Materials and methods 

 Plant material and poly (A)+ mRNA isolation 
 A plantation ran by the Department of Basic Science and Mathematics, Faculty of Science, Thaksin 
University, Songkhla, Thailand, was used to cultivate 3-month Hevea clone RRIT251 seedlings. The rubber 
trees were grown in a greenhouse with a natural photoperiod of approximately 12/12 h light/dark cycle; 
with 10 replicated each treatment. During this time, they were subjected to a period of water deficit (1, 2, 
4, 5, 6 and 8 days, respectively). The control treatment was provided water every day. For the salt stress 
treatment, 0.5 M NaCl solution was treated with seedling Hevea trees (0.5, 3, 6, 12 and 24 h, respectively), 
water was used to control treatment.  
 The 15 years old of high-yielding (RRIT251, RRIM600) and low-yielding (KRS138, BPM3) Hevea 
clones were grown in the Rubber Authority of Thailand, Surat Thani province, Thailand, were tapped every 
second day. The 15 years old, high yielding Hevea clones (RRIT251) grown in an experimental field in 
Thamod subdistrict, Phatthalung province, Thailand, were used to assess the effects of ethylene treatment. 
2.5 % of ethephon (Eth) (2-chloroethane phosphonic acid) was applied to the tapping panel of the tree bark. 
A RRIT251 rubber tree without the Eth treatment was used as a control. Fresh latex was collected from 
trees 1 day before the treatment and once every 3 days after the treatment, and all this for 5 times with 5 
replicated each treatment. Samples of fresh latex collected from rubber trees were kept on ice before RNA 
was isolated. Fresh latex was dried at 70 °C in an oven for 2 days for constant weight. 
 According to Suwanmanee et al. [13], the total RNA was extracted from the latex of Hevea trees 
using the phenol-chloroform method. The poly (A)+ was isolated from total RNA using the Oligotex mRNA 
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Mini Kit (QIAGEN, Maryland, USA), in accordance with the manufacturer's instructions. Agarose 
electrophoresis and a UV-visible spectrophotometer were used to determine the quality and concentration 
of the RNA samples. 
 
 Isolation and analysis of the full-length cDNA 
 Previously, the zinc finger CCCH domain-containing protein 66 (HbC3H66) gene has been isolated 
in the latex of high-yielding Hevea clones (RRIT251) using a cDNA-AFLP technique [14]. The full-length 
cDNA was examined using the RACE method using 242 bp of the HbC3H66 gene. The poly (A)+ mRNA 
was used as a template for performing 3ʹ- and 5ʹ -RACE reactions based on the cDNA partial sequence of 
HbC3H66. 5ʹ-end and 3ʹ-end cDNA fragments were generated from mRNA using SMARTerTM RACE 
cDNA amplification kit (Takara Bio, USA), following the manufacturer's protocol using Universal Primer 
Mix (UPM) and gene-specific primers (5ʹ-GSP1 or 3ʹ-GSP2). Nested 5ʹ-RACE PCR was carried out 
utilizing UPM as a forward primer and one of 3 nested gene-specific reverse primers (NGSP1, NGSP2 and 
NGSP3). The HbC3H66 cDNA fragment was used in a QIAquick gel extraction kit (QIAGEN, Germany) 
and then ligated into the pGEM-T-Easy vector (Promega Corporation, USA). It was subsequently converted 
into competent E. coli DH5α cells to establish the nucleotide arrangement. 
 
 DNA sequencing and computer analysis 
 The sequence of the DNA fragments comprising the HbC3H66 arrangement was used for the dideoxy 
chain termination method kit (ABI prism377 DNA sequence, Thermo Fisher Scientific, USA). A BLAST 
analysis was performed to compare the DNA and predict amino acid sequences using the non-redundant 
database employing programs provided by the National Centre of Biotechnology Information (NCBI, USA) 
's database. The physicochemical of HbC3H66 was computed using the Expasy Protparam tool [15]. All 
the amino acid sequences of C3H66 in the plants were verified. We exploited the Clustal W algorithm in 
the BioEdit program (version 7.2.5) to align the amino acid sequence of HbC3H66 from latex and other 
plants of C3H66 [16]. The coding region of the nucleotide sequences were determined using the Open 
Reading Frame (ORF) Finder tool (https://www.ncbi.nlm.nih.gov/orffinder/). Phylogenetic reconstruction 
and evolutionary distance were computed using MEGA11 software, with default parameters of 1,000 
bootstrap replicates and the maximum likelihood technique [17]. The HbC3H66 gene's translated sequences 
were examined using the conserved domain database with the SMART tool [18], and NCBI 
(https://www.ncbi.nlm.nih.gov/Structure/lexington/lexington.cgi). Using TMHMM, we analysed the 
HbC3H66 protein's predicted transmembrane structure (http://www.cbs.dtu.dk/services/TMHMM-2.0/). 
We created the logos for the CCCH zinc finger motifs using Online WebLogo software [19]. We built the 
domain information website utilizing IBS 1.0.3 software [20]. We evaluated nuclear localization signal 
(NLS) using the cNLS mapper [21]. 
 
 Protein structure and modelling 
 I-TASSER was used to create a 3D structural HbC3H66 protein using the Protein Data Bank (PDB) 
[22]. PyMOL can enable in displaying the generated 3D structure [23]. PROCHECK and Mol-Probity 
programs were employed to assess the model’s stereochemical quality by quantifying the residues in the 
allowed zones of the Ramachandran plot [24].  
 
 Semi-quantitative RT-PCR (sqRT-PCR) evaluation  
 Total RNA from the latex of Hevea trees was used to analyze the function of this gene using the sqRT-
PCR technique. AMV reverse transcriptase (Promega, Madison, WI) was used to reverse-transcribe 2 μg 
of the total RNA from each sample according to the manufacturer's instructions. The expression 
frameworks of HbC3H66 gene were assessed using sqRT-PCR with the gene-specific primer of HbC3H66-
F-5'- CCGGGGATCAACGAAGTAC-3' and HbC3H66-R-5'-CCGAGGCCTTACAACTAAAC- 3'. The 
PCR was conducted on 25 cycles at 94 °C for 30 s, 56 °C for 30 s and 72 °C for 2 min. The 18S rRNA gene 
was used as an internal reference 18SF 5'- CAAAGCAAGCCTACGCTCTG -3' and 18SR 5'- 
CGCTCCACCAACTAAGAACG -3' with the cycling parameter, and then 15 cycles at 94 °C for 30 s, 58 
°C for 30 s and 72 °C for 2 min. The relative expression levels were calculated using Quantity One analysis 
software (Bio-Rad, Hercules, CA, USA). 
 
 Statistical analysis 
 By performing a 1-way analysis of variance (ANOVA) with SPSS 21, the statistical significance was 
evaluated. A significant difference was defined as one with a p-value of 0.05 or above, and an extreme 
difference as one with a p-value of 0.01. Every piece of data was displayed as mean ± SE. 
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Results and discussion 

 Isolation and sequence analysis of the zinc finger CCCH domain-containing protein 66 
(HbC3H66) gene from H. brasiliensis 
 The cDNA of HbC3H66 contained 2,596 bp, and an ORF of 2,106 bp encoded a protein having 701 
amino acid residues with ATG as the initiation codon. The 5ʹ-untranslated region (UTR) and 3ʹ-UTR were 
194 and 299 bp, respectively, with a polyadenylation (poly A) tail. The molecular weight, theoretical pI 
and aliphatic index of HbC3H66 were 76,522.03 Da, 5.60 and 74.42, respectively. Its stability index and 
GRAVY were 55.67 and −0.372, respectively. Assuming that all pairs of Cys residues form cystine, the EC 
will be 75,495. Assuming that all Cys residues are reduced, the EC will be 74,370. The half-life (h) is 30 
h. There were 66 positively charged residues (Arg + Lys) and 81 negatively charged residues (Asp + Glu) 
in total. 
 The predicted transmembrane domain of the deduced HbC3H66 protein showed that there was 
extracellular protein (region 1 - 701 aa). This sequence was registered in the GenBank database (accession 
number MN866526). HbC3H66 encoded putative CCCH (C-X7-C-X5-C-X3-H)-type zinc finger proteins, 
which included 2 conserved tandem ZnF_CCCH between 74 - 104 and 109 - 141 aa. The functional sites 
including conserved ANK repeat and 6-phosphofructo-2-kinase/fructose-2,6-biphosphatase 
(Pfk_2/FBPase-2) binding sites in the N-terminal regions were predicted in the deduced HbC3H66 protein 
(Figure 1(A)). Sequence logos for common C3H66 zinc finger motifs of plants, C-X5-H-X4-C-X3-H 
(arginine-rich region; RR), C-X7-C-X5-C-X3-H motif and C-X5-C-X4-C-X3-H (TZF motif) are shown in 
Figure 1(B). These results shown this gene are TZF protein and the type of ANK-RR-TZF domain. 
HbC3H66 is also a member of subfamily IX of the zinc finger CCCH family, since these subfamilies consist 
of C-X7-8-C-X5-C-X3-H and C-X5-C-X5-C-X3-H disjointed using 16 amino acids and a preserved 50 amino 
acid concentration upstream of the CCCH motif [9]. 
 

 

Figure 1 Conserved domain of ZnF_CCCH proteins in H. brasiliensis contained 2 CCCH motifs. SMART 
and NCBI (http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi) identified the conserved domain of 
CCCH proteins, and the expect Value was set to 5. The domains information site was developed using IBS 
1.0.3. A) ANK, ankyrin repeat domain; ZnF_C3H, CCCH-type zinc finger motif; and PfK 2/FBPase-2, 6-
phosphofructo-2-kinase/fructose-2,6-biphosphatase and B) sequence logos for prevalent plant C3H66 zinc 
finger motifs. 
 
 Multiple alignments and phylogenetic analysis of HbC3H66 
 Multiple alignments were conducted to analyze the homology of deduced HbC3H66 protein with the 
homology of ZnF_CCCH containing domain protein 66 (C3H66) Manihot esculenta (XP_021604126.1), 
Ricinus communis (XP_002525655.1), Salix suchowensis (KAS5238360.1), Populus trichocarpa 
(XP_002299802.3), Juglans regia (XP_018835448.1), Theobroma cacao (XP_007016084.2), Hebecnema 
umbratica (XP_039041436.1) and Durio zibethinus (XP_022755897.1) with 84.9, 80.8, 77.0, 76.3, 74.3, 
72.1, 71.9  and 70.3 %, respectively. The results showed that amino acid sequences were highly conserved 
with C3H66, which exhibited low homology with D. zibethinus and J. regia. In plants, the C3H66 had 2 
tandems of CCCH-type zinc finger proteins. All of them had 2 tandem ankyrin repeats (Figure 2(A)). But 
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these protein in H. brasiliensis, M. esculenta, P. alba and P. trichocarpa is extra addition of PfK-2/FBPase-
2 in the conserved domain. The function of members of this protein family is unknown in Hevea trees. We 
used a program from Liu et al. [20], to detected NLS in HbC3H66 protein, and found all members contained 
a putative NLS sequence, indicating that they may be nucleocytoplasmic shutting proteins involved in 
signal transduction (Figure 2(B)). From the previous study, ZnF_CCCH, including 2 ANK repeat domains 
and 2 TZF motifs in the N-terminal, were regulated in the salt and drought response in plants [25]. 
Consequently, this protein acts as a cis-element in the nucleus that binds DNA for transcription factors [26]. 
When responding to stress, some ZnF_CCCH attach primarily to AU-rich regions of the target mRNA [27]. 
Moreover, the HbC3H66 protein excludes any known RNA binding domain, such as the RNA recognition 
motif (RRM) or K homolog domain [28]. 
 

 

 

Figure 2 Multiple alignment of the ZnF_CCCH from various species. Hevea brasiliensis (QQL94539.1), 
Manihot esculenta (XP_021604126.1), Ricinus communis (XP_002525655.1), Salix suchowensis. 
(KAS5238360.1), Populus trichocarpa (XP_ 002299802.3), Juglans regia (XP_018835448.1), 
Theobroma cacao (XP_007016084.2), Hebecnema umbratica (XP_039041436.1), and Durio zibethinus 
(XP_022755897.1). A) The CCCH-type zinc finger motifs are lined above, the ANK domains are displayed 
in boxes, and PfK 2/FBPase-2 is in the dotted boxes and B) amino acid sequence alignment of putative 
NLS sequence in plant C3H66 (B). 
  
 This study generated a phylogenetic tree to compare the phylogenetic relationships between 
HbC3H66, its paralog and orthologs. Phylogenetic analysis revealed that the C3H66 protein from                  
H. brasiliensis and other plants C3H66 generated a branch (Figure 3). C3H66 proteins with the PfK-
2/FBPase-2 domain is phylogenetic and belong to the Malpighiales order. The current model processes that 
PfK-2/FBPase-2 coordinates sucrose synthesis with starch formation and photosynthetic activity [29]. 



Trends Sci. 2023; 20(12): 6835   6 of 12 

 

Figure 3 Phylogenetic analysis of plants C3H66 protein H. brasiliensis was marked with box and the star, 
and the taxonomies in the order level was indicated on the right. The boxes are shown Pfk_2/FBPase-2 in 
the conserved domain. 
 
 Model validation 
 I-TASSER was employed in comparative modelling to forecast the 3D structure of HbC3H66 [21]. 
The results showed 23 % identity to the structure of Ankyrin repeat protein (ANK-N5C) synthetic construct 
(PDB ID: 4060 chain A) as a DNA-binding transcription activator [30] and 6 % to the monomer of TRAPPII 
(open) in Saccharomyces cerevisiae (PDB ID: 7E2C chain A) as a transport protein particle [31]. On the 
N-terminal side of the protein, ligand binding sites are located between amino acids 58 to 361 (Figure 4). 
We compare structure using a TNP01_HUMAN Uniprot ID Q92973. This protein, function in nuclear 
import as nuclear transport receptor. Serves as receptor for nuclear localization signals (NLS) in cargo 
substrates [32]. HbC3H66, a member of the ANK-RR-TZF subfamily, may be a nucleocytoplasmic 
shuttling protein involved in signal transduction, according to 3D structural modelling (Figure 4) [33].  
 

 

Figure 4 The prediction 3D structure models of the HbC3H66, and the ligand biding sites. 
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  HbC3H66 mRNA expression abundance in high-yielding Hevea clone 
 Using sqRT-PCR, we analysed the HbC3H66 transcript levels in different Hevea clones. The result 
showed that high-yielding Havea clones (RRIT251 and RRIM600) (Figure 5(A)) have high levels of 
HbC3H66 expression, while low-yielding Havea clones (BPM3 and KRS138) (Figure 5(B)) exhibited 
lower levels of expression. The RRIT251 clone had the highest concentration of dried rubber, while the 
KRS138 clone had the lowest (Figure 5(C)). In the laticifer cells of rubber trees, a transcriptional factor 
known as HbC3H66 gene is active and integrated into the mediator of rubber biosynthesis. According to 
the experimental findings, the RRIM600 Hevea clone displayed the highest amount of HbC3H66 
expression. This expression level did not differ significantly from the expression levels in low-yielding 
KRS138 and BPM3 (Figure 5). These findings support the systematic comparison and analysis of 2 high 
rubber yield clones, RRIM600 and RY7-20-59, and imply that RY 7-20-59’s higher natural rubber 
production is probably due to a greater overall IPP availability and better IPP distribution for rubber 
biosynthesis [34,35]. This is in line with the fact that the clones RRIM600 and GT1 produce more and can 
withstand drought circumstances better because their leaves have higher vacuolar invertase (VINN) 
activity, which ensures more significant vascular reducing sugars (RS) accumulations [36]. 
 

 

Figure 5 HbC3H66 mRNA expression determined in latex of various Hevea clone A) Semi-quantitative 
RT-PCR analysis of HbC3H66 transcripts of Hevea clone, B) Relative expression of HbC3H66 mRNA of 
Hevea clone and C) The dried rubber contents of Hevea clone. Significant difference at p < 0.05 is indicated 
by letters above the bars (n = 10 replicates). 
 
 Ethylene induced HbC3H66 mRNA expression 
 At Hevea clone RRIT251, Ethephon (Eth) was applied at a rate of 2.5 % to the tapping panel of the 
bark. Each of the 5 duplicates of each Eth treatment received 1 treatment. After the Eth treatment, samples 
of both the untreated control trees and the treated test trees were collected 24 h later. The expression pattern 
of HbC3H66 gene in the latex of 15-years old Hevea trees was affected by Eth treated. The highest level of 
HbC3H66 expression was significantly after trees treated Eth in 3 days (p < 0.05) (Figures 6(A) - 6(B)).  
The dried rubber content was analyzed. The results shown in Hevea treated trees was abundance of dried 
rubber content with no statistically significant differences between the treatments (Figure 6(C)). Ethylene 
was differentially perceived and transduction in latex. In contrast to the control, the latex of Hevea trees 
treated with Eth had a greater relative transcript abundance of HbC3H66 (Figure 6). The HbC3H66 gene 
had a higher transcript abundance in latex for 3 days after Eth treatment and tapped tree. They corresponded 
to the transcriptomes analysis of H. brasiliensis PR107 and were treated with Eth. It revealed the 
upregulation of the key genes involved in water transfer, sucrose allocation, glycolysis and C3 carbon 
fixation. These genes are upregulated in the glycolytic pathway and Calvin cycles. Instead, rubber 
biosynthesis might be responsible for ethylene-induced latex production in rubber trees [37].  
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Figure 6 HbC3H66 mRNA expression determined in latex of 15-year-old RRIT251 Hevea clone. A) Semi-
quantitative RT-PCR analysis of HbC3H66 transcripts after Eth treatment, B) relative expression of 
HbC3H66 mRNA after Eth treatment and C) The dried rubber contents of Eth treated Hevea trees. 
Significant difference at p < 0.05 is indicated by letters above the bars (n = 5 replicates). 
 
 
 HbC3H66 transcriptionally responsive to drought and salt stress 
 To determine if HbC3H66 responds to abiotic stressors, this study examined its relative expression 
pattern under a variety of situations. HbC3H66 was highly inducible by NaCl treatment as its expression 
level increased by 1.19- and 1.18- fold after 0.5 and 6 h of salt was applied, respectively (Figure 7).  
HbC3H66 was also responsive to water deficit-induced drought stress, with a 1.5-fold up-regulated 
expression after 2 days of treatment (Figure 8). The expression of HbC3H66 was responsive to abiotic 
stress. The stress responses were used to create a water deficit and salt stress to induce the expression of 
the HbC3H66 mRNA in the latex of the trees (Figures 7 and 8). HbC3H66 was transcriptional responsive 
to water deficit and salt. This was the same as the gene of BnC3H66 from Brassica, which responds to 
water deficit (PEG) and ABA [38]. The polypeptide PfK-2/FBPase-2 that HbC3H66's N-terminal domains 
have the most in common with mammalian PFK-2s contains several tandem repeat ANK motifs.  Therefore, 
it known to mediate protein-protein interactions and more specialised receptors for sensing abiotic 
challenges, such as salt, osmotic and low-temperature stresses, helps plants respond to various 
environmental stresses [39]. According to the results from Banzai et al. [40], during a drought, plants are 
stressed in which many plants accumulate soluble sugars, which are likely to be osmotic to prevent further 
desiccation. That control activities of PfK-2/FBPase-2 that the dramatic increase in leaf tissue during 
drought or osmotic stress. By controlling the production of sucrose, Banzai et al. [41], postulate that these 
proteins may be crucial in an osmotic adaptation. 
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Figure 7 HbC3H66 mRNA expression determined in latex of seedling RRIT251 Hevea clone. A) Leaves 
of seedling Hevea tree was treated with NaCl, B) semi-quantitative RT-PCR analysis of HbC3H66 
transcripts after NaCl treatment and C) Relative expression of HbC3H66 mRNA after NaCl treatment. 
Substantial difference is indicated by letters above the bars when p < 0.05 (n = 10 replicates). 
 

 

Figure 8 HbC3H66 mRNA expression determined in latex of seedling RRIT251 Hevea clone. A) Semi-
quantitative RT-PCR analysis of HbC3H66 transcripts after water deficit treatment, B) relative expression 
of HbC3H66 mRNA after not water deficit treatment and C) leaves of seedling Hevea tree was treated with 
a water deficit. Significant difference at p < 0.05 is indicated by letters above the bars (n = 10 replicates). 
 
 According to Guo and Chong [42], Arabidopsis thaliana and Oryza sativa rapidly respond to specific 
abiotic stress based on which type of sensor is stimulated. As this determines which series of responses is 
activated upon sensing the stress signal, plants produce second messengers (such as a Ca2+ pulse) in the 
cytoplasm, which act on a series of downstream genes, including CCCH zinc-finger protein genes [6]. The 
changes in Ca2+ concentration is sense by several Ca2+ sensors or Ca2+-binding proteins [43].  In line with 
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H. brasiliensis, previously identified the putative transcription factors, including MYB, zinc finger, bHLH, 
bZIP, PHD finger and NAC domain-containing family members, which paved the way to discover the 
regulatory mechanisms of natural rubber metabolism and accelerated our understanding of the gene 
regulator network in rubber laticifer [44]. The results suggest that the HbC3H66 protein may play a role in 
transcriptional regulation via protein-protein interaction in rubber biosynthesis.  
 
Conclusions 

 In conclusion, this research leads to understanding the role of HbC3H66 in rubber trees. H. 
brasiliensis zinc finger CCCH domain-containing protein 66 (HbC3H66) gene was clone and 
characteristics. The HbC3H66 contains 2 ANK repeat in, Pfk_2/FBPase-2 and 2 type zinc finger motifs. 
Semi-quantitative RT-PCR revealed that the HbC3H66 mRNA was abundance in high-yielding Hevea 
clones (RRIT251 and RRIM600), treatment with ethephon induced HbC3H66 mRNA expression in the 
latex of 15-years old Hevea trees. Water deficit and NaCl induced this gene in the latex of 3-month-old 
seedling Hevea trees. The results show that the HbC3H66 protein may play a role in DNA-binding 
transcriptional regulation in NR pathways. An in-depth study on the mechanism of gene linkage in rubber 
molecule synthesis, drought tolerance and TPD formation, which are forwarded to each other as a system, 
should be further conducted.  
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