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1. Introduction 
Tea (Camellia sinensis (L.) Kuntze) is a commercially and 
medicinally important crop due to its secondary metabolites 
and as a beloved beverage with its aromatic, unique taste. 
C. sinensis leaves contain significant amounts of secondary 
metabolites (Chen et al., 2012), such as polyphenols (e.g., 
tannin), alkaloids (e.g., caffeine), vitamins (A, B1, B2, E, 
C), polysaccharides, and volatile oils. Tea polyphenols 
mainly consist of catechins, flavanones, and phenolic 
acid (Park et al., 2004). These polyphenolic compounds 
constitute approximately 30% of the dry weight of young 
tea leaves. They have significant effects on human health, 
besides having important functions in plant physiology 
(Singh et al., 2009a).

The shikimate pathway is the key metabolic pathway 
in the biochemical synthesis of aromatic metabolites in 
plants, which, in turn, function as signaling molecules, 
hormones, and structural compounds like suberin, lignin, 
condensed tannins, sporopollenin, and some defense 
compounds against pathogens and UV light (Werck-
Reichhart, 1995; Weaver et al., 1997). The precursor 

substances of the aromatic compounds of phenylalanine, 
tyrosine, tryptophan, and chorismate, which are also the 
precursors of a variety of other secondary metabolites, are 
provided by the shikimate pathway (Weaver et al., 1997). 
In plants, the shikimate pathway is the starting point for 
the biosynthesis of phenylpropanoids. 

Cytochrome P450 monooxygenases (CYPs) are heme-
containing enzymes that catalyze hydroxylation reactions 
dependent on nicotinamide adenine dinucleotide 
phosphate and oxygen in all three domains of life (Denisova 
et al., 2005; Misra et al., 2012). Among a large variety 
of enzymes, CYPs play critical roles in the biosynthesis 
of a wide range of secondary metabolites such as 
phenylpropanoids (flavonoids, isoflavonoids, coumarins, 
etc.), terpenoids, lignin intermediates, alkaloids, fatty acids, 
hormones (gibberellins, jasmonic acid, brassinosteroids, 
etc.), pigments, and protective agents in the shikimic 
acid pathway (Schuler, 1996; Chapple, 1998; Schuler and 
Werck-Reichhart, 2003). They are also involved in critical 
processes like the metabolism of xenobiotics (Brazier et 
al., 2002; Gorinova et al., 2005), in-chain hydroxylation, 

Abstract: Cytochrome P450 monooxygenases are one of the largest heme-containing protein groups, and the majority of them catalyze 
hydroxylation reactions dependent on nicotinamide adenine dinucleotide phosphate and oxygen. Cytochrome P450 (CYP) enzymes 
function in a wide range of monooxygenation reactions essential in primary and secondary metabolism in plants. Camellia sinensis (L.) 
Kuntze is a commercially and economically valuable plant due to its medicinally important secondary metabolites and as a beloved 
beverage. Cytochrome P450 monooxygenases play a significant role in the biosynthesis of a variety of secondary metabolites in tea. 
Although the biosynthesis of secondary metabolites has been investigated in detail, there have been limited studies conducted on 
identifying the genetic mechanisms of CYP-catalyzed secondary metabolic pathways in the C. sinensis (tea) plant. In our study, we 
characterized a putative C. sinensis (L.) Kuntze cytochrome P450 monooxygenase gene (Csp450), which has 1759 bp full-length cDNA 
with 49 bp of 5ʹ and 183 bp of 3ʹ untranslated regions. The CDS of the gene is 1527 bp and 508 amino acids in length. BLAST results of 
the deduced amino acid sequence revealed a high similarity with the CYP704C1-like superfamily. Preharvest period gene expression 
analysis from May, July, and September did not show any difference.

Key words: Camellia sinensis (L.) Kuntze (tea), cytochrome P450 monooxygenase, molecular and in silico cloning, seasonal gene 
expression

Received: 17.06.2016              Accepted/Published Online: 01.11.2016              Final Version: 15.02.2018

Research Article



EMİNOĞLU et al. / Turk J Biol

2

omega-hydroxylation, and/or epoxidation of medium- 
and long-chain fatty acids. Protective layers such as cutins 
and suberins consist mainly of hydroxylated fatty acids 
(Salaün and Helvig, 1995). CYP86 and CYP94 are the 
major families involved in fatty acid oxidation in plants. 
Enzymes that belong to CYP703, CYP704, CYP709, 
CYP77, and CYP74 are also identified as catalysts of fatty 
acid oxidation reactions. It has been demonstrated that 
members of the CYP704 family participate in fatty acid 
metabolism in plants (Dobritsa et al., 2009; Li et al., 2010; 
Pinot and Beisson, 2011). 

The ability of secondary metabolism, which is active in 
the production of more than 200,000 natural compounds 
in plants, to produce a variety of different products is based 
on the variety of genes involved in this metabolic pathway 
(Mizutani, 2012). Among these genes, P450 monooxygenases 
are the most important (Chapple, 1998). Diversification 
of P450s leads to the production of specific metabolites in 
different species and therefore most of the P450s that have 
been studied so far have produced a unique protein (Zhao, 
2014). CYP genes comprise approximately 1% of the protein 
coding genes in several angiosperms (Nelson et al., 2008), and 
the determination of P450 genes and characterization of their 
proteins have become the primary focus of plant P450 studies 
(Chapple, 1998). Although an increasing number of studies 
have been carried out on the genetic mechanism of secondary 
metabolite biosynthesis in the tea plant (Singh et al., 2009b; 
Wang et al., 2012b; Zhao et al., 2014; Ono et al., 2016), there 
is still a need to explore new genes and identify the genetic 
mechanisms of CYP-catalyzed secondary metabolic pathways 
in the C. sinensis (tea) plant. Furthermore, the identification 
of the genes of C. sinensis would help the development and 
completion of the reference genome of this important crop. 
Studies on the discovery, investigation, and characterization of 
CYP genes, which encode the vast majority of the enzymes in 
secondary metabolism, have become increasingly important 
in C. sinensis (tea). 

In the present study, cDNA of a putative cytochrome 
P450 monooxygenase (CYP704) gene (Csp450) from C. 
sinensis (L.) Kuntze was in silico and molecularly cloned, 
and its seasonal expression profile was investigated in 
young leaves. 

2. Materials and methods 
2.1. Plant materials and sampling
C. sinensis (L.) Kuntze plants were collected from the Çaykur 
Atatürk Tea and Garden Cultures Research Institutionʹs 
experimental tea plantation plots (Rize, Turkey). Among 
ten registered Turkish tea clones, high-yielding tea clone 
Fener-3, which has been intensively used for black tea 
production, was chosen as the RNA source in this study. 
Young shoots and the first two leaves were plucked from 
the plants during three consecutive harvesting periods 

(May, July, and September) and immediately frozen in 
liquid nitrogen and kept at –80 °C until RNA extraction. 
2.2. In silico cloning
In silico cloning of C. sinensis Csp450 gene was performed 
as described by Zhang et al. (2002) and Passier et al. 
(2004). In the first round, short sequence reads from the 
expressed sequence tag (EST) database (https://www.ncbi.
nlm.nih.gov/nucest/) were investigated against the term 
“Camellia. sinensis P450 cytochrome monooxygenase” 
and the sequences found were used for the second-round 
search in the EST database. Obtained C. sinensis ESTs were 
assembled by contig assembly software, CAP3 (Huang 
and Madan, 1999). After several searches of the assembled 
contigs against the database, ESTs with the highest similarity 
to a putative C. sinensis P450 cytochrome monooxygenase 
gene were used to obtain the final sequence via contig 
assembly. Partial coding sequence (CDS) was predicted by 
ExPASY translate tool (http://web.expasy.org/translate/) as 
a standard genetic code and used as the template sequence 
for the RACE-PCR.
2.3. Total RNA extraction and cDNA synthesis
Total RNA was extracted from a 0.1 g leaf sample that 
had been homogenized in liquid nitrogen, with a G1-
Total RNA Extraction Kit (Vivantis, Malaysia), according 
to the manufacturer’s instructions. RNA concentrations 
were measured by a spectrophotometer (NanoDrop UV-
Vis Spectrophotometer 2000, Thermo Scientific, MA, 
USA). Ratios of 260/280 and 260/230 nm were used to 
determine the quality of the RNA. cDNA was synthesized 
by two different methods. (1) In order to verify the in silico 
cloning, cDNA was obtained with a Transcriptor First 
Strand cDNA Synthesis Kit (Roche, Switzerland) from 1 
µg of total RNA. (2) For the amplification of 5ʹ and 3ʹ ends 
of Csp450, a 5ʹ/3ʹ RACE Kit, 2nd Generation (Roche) was 
used in cDNA synthesis according to the manufacturerʹs 
protocol. 
2.4. Verification of in silico cloning via sequencing
The partial CDS of Csp450 obtained via in silico cloning 
was confirmed by sequencing. For this purpose, Csp450 
cDNA was used as a template for the amplification of the 
partial Csp450 CDS with a pair of primers (Csp450_F 
and Csp450_R) (Table). The PCR reaction was carried 
out in a 50 µL reaction volume containing 1X Phusion 
HF buffer (Thermo Scientific), 200 μM of dNTP mix, 0.5 
μM of each primer, and 0.01 U of Phusion High Fidelity 
DNA polymerase (Thermo Scientific). After purification 
(High Pure PCR Product Purification Kit, Roche) and 3ʹA 
tailing with GoTaq DNA polymerase (Promega, Madison, 
WI, USA), PCR fragments were cloned into the pCR2.1-
TOPO vector (TOPO TA Cloning Kits for Subcloning; 
Invitrogen, Carlsbad, CA, USA), as described elsewhere. 
Positive clones were verified via colony PCR using the 
Csp450_F and the M13 reverse primer of the pCR 2.1-
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TOPO vector by 0.5 U of GoTaq DNA Polymerase with the 
following cycling conditions: initial denaturation steps at 
95 °C for 3 min, denaturation at 95 °C for 45 s, followed by 
annealing at 58 °C for 1 min and primer extension at 72 °C 
for 40 s, followed by a step at 72 °C for 5 min, for 25 cycles. 
All PCR-verified vectors were sequenced by Macrogen Inc. 
(Seoul, Korea) using the M13 universal primer.
2.5. Rapid amplification of 5ʹ and 3ʹ ends of the Csp450 
cDNA 
To determine the 5ʹ and 3ʹ end coding sequences of the 
Csp450 cDNA, RACE-PCR was conducted using the 
5ʹ/3ʹ RACE Kit, 2nd Generation (Roche) without any 
modification according to the following steps. (1) 5ʹRACE 
was performed with three nested primers and one oligo 
d(T)-anchor primer (5ʹ/3ʹ RACE Kit, 2nd Generation, 
Roche) by two-step PCR. Briefly, first, Csp4505RACE1 
primer was used for the synthesis of the first strand Csp450 
cDNA by Transcriptor Reverse Transcriptase; then primer 
Csp4505RACE2, which is specific to the upstream region 
of the partial Csp450 cDNA, and primer Csp4505RACE3 
were used at the first and second rounds of 5ʹRACE-PCR for 
the identification of the 5ʹ end, respectively, following the 
manufacturerʹs instructions. (2) The 3ʹ end of the Csp450 
cDNA was amplified by 3ʹRACE-PCR using the PCR 
anchor primer (5ʹ/3ʹ RACE Kit, 2nd Generation, Roche) 
and a nested antisense primer (Csp4503RACE), after the 

synthesis of the first strand Csp450 cDNA with oligo d(T)-
anchor primer (5ʹ/3ʹ RACE Kit, 2nd Generation, Roche, 
Switzerland), following the manufacturerʹs procedure. 
2.5.1. Determination of the 3ʹ end length
Determination of the 3ʹ end length was performed by a 
degenerate reverse primer with a single step of standard 
PCR using the 1X GoTaq Green Flexi Buffer, 1.5 mM 
MgCl2, 0.6 µM 3ʹ degenerate primer, 0.5 µM Csp4503RACE 
primer, 200 µM dNTP mix, 2 μL cDNA, and 2 U GoTaq 
DNA polymerase (Promega). The 3ʹ terminal regions of 
five organismsʹ amino acid sequences (GenBank accession 
numbers: XP_002529550, XP_007052008, XP_011093193, 
XP_011034689, AAZ39646.1, EXB52689.1), which were 
the sequence identities ranging from 75% to 76% to 
the corresponding amino acid sequence, were used in 
designing the degenerate primer. 
2.6. Full-length Csp450 cDNA cloning and sequencing
After assembly and analysis of the 5ʹ end, the 3ʹ end, 
and partial Csp450 CDS sequences, two complete CDS 
specific primers (Csp450cDNA_F and Csp450cDNA_R) 
were designed to amplify the full-length cDNA sequence 
of Csp450. After amplification with a standard one-step 
PCR by Phusion High Fidelity DNA polymerase (Thermo 
Scientific), PCR products were cloned into the pCR2.1-
TOPO, as described above, and then sequenced (Macrogen 
Inc.) using the M13 universal primer.

Table. List of primers used in this study.

Csp450_F* ʹ 5ʹ-ggaaagaagaagtaccatccagtg-3ʹ

Csp450_R* 5ʹ-ggatcggtttcagtcactccaag-3ʹ

Csp4505RACE1* 5ʹ-GATTTGCAGAGAGAGGAGAGAGAGG-3ʹ

Csp4505RACE2* 5ʹ-CCTGAAAGGGCTTAACAACCTGTAAG-3ʹ

Csp4505RACE3* 5ʹ-CCACTGGATGGTACTTCTTCTTTCC-3ʹ

3ʹDegenerate* 5ʹ-CCRTCDAYRTGAAGAKTDATC-3ʹ

Csp4503RACE* 5ʹ-GTTTAGGAGCGGAAGGCCAG-3ʹ

Oligo d(T)-anchor primer 5‘-GACCACGCGTATCGATGTCGACTTTTTTTTTTTTTTTTV-3ʹ

PCR anchor primer 5‘-GACCACGCGTATCGATGTCGAC-3ʹ

Csp450cDNA_F* 5ʹ-gatgatttccatggattctctc-3ʹ

Csp450cDNA_R* 5ʹ-gttacacactggatctgtggaag-3ʹ

GAPDH_F (in expression) 5ʹ-TTGGCATCGTTGAGGGTCT-3ʹ

GAPDH_R (in expression) 5ʹCAGTGGGAACACGGAAAGC-3ʹ

qCsp450_F (in expression) 5ʹ-GGAACTAGCGAAGAAGGCACC-3ʹ

qCsp450_R (in expression) 5ʹ-GCCTTCCGCTCCTAAACTCAA-3ʹ

* Primers were designed manually.
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2.7. RT-qPCR and seasonal expression analysis in young 
leaves
RT-qPCR analysis of the full-length Csp450 was carried 
out by CFX96 RT-qPCR system (Bio-Rad, Hercules, CA, 
USA). The iTaq Universal SYBR Green One-Step Kit was 
used to reverse transcript 300 ng of RNA extracted from 
the first two leaves of tea plants. Expressions level were 
measured with the iTaq Universal SYBR Green reaction 
mix (Bio-Rad) following the manufacturerʹs instructions. 
An annealing temperature of 60 °C used to determine 
expression levels. Reactions were performed in a 10 μL 
reaction mixture containing 5 μL of iTaq Universal SYBR 
Green reaction mix (1X), 0.3 µM of each primer, 300 ng of 
RNA, and 0.125 μL of iScript reverse transcriptase (1X). The 
expression levels were assessed by the normalization of the 
Ct values to GAPDH housekeeping gene expression levels. 
To investigate the seasonal expression of the Csp450, plants 
were collected during the three consecutive harvesting 
periods (May, July, and September). All reactions were 
carried out in triplicate. All Rt-qPCR expression primers 
were designed by Primer3 v. 0.4.0 (Untergasser et al., 2012) 
and are given in the Table.
2.8. Bioinformatics analysis 
Sequence analysis was conducted by SnapGene v.2.8 
(www.snapgene.com) and CLC Main Workbench v.7.6.4 
(https://www.qiagenbioinformatics.com/). Nucleotide 
and amino acid sequence resemblances were determined 
by NCBI blastn program (https://blast.ncbi.nlm.nih.gov/
Blast.cgi?PAGE_TYPE=BlastSearch) and DELTA-BLAST 
server (Boratyn et al., 2012), respectively. Sequences 
were aligned by ClustalW (Thompson et al., 1994). 
Evolutionary relations were revealed using the maximum 
likelihood method based on the Poisson correction model 
(Zuckerkandl and Pauling, 1965). Initial tree(s) for the 
heuristic search were obtained automatically by applying 
the Neighbor-Join and BioNJ algorithms to a matrix of 

pairwise distances estimated using a JTT model, and then 
selecting the topology with a superior log likelihood value. 
The tree is drawn to scale, with branch lengths measured in 
the number of substitutions per site. The analysis involved 
16 amino acid sequences. All positions containing gaps 
and missing data were eliminated. There was a total of 416 
positions in the final dataset. Phylogenetic familiarities 
were identified by MEGA7 (Kumar et al., 2015). 
Conserved domains were determined by the NCBIʹs 
conserved domain database (https://www.ncbi.nlm.nih.
gov/Structure/cdd/wrpsb.cgi).

3. Results 
3.1. Molecular characterization of Csp450
When short sequence reads from EST databases were 
searched against the term “C. sinensis P450 cytochrome 
monooxygenase,” three sequences were found, with 
GenBank accession numbers JK993199.1, ES323524.1, 
and ES323538.1. Each sequence was searched against 
the EST database with the default BLAST parameters 
using the blastn program again, and a total of nine reads 
were retrieved (GenBank accession numbers JZ486013.1, 
FS948329.1, FS949044.1, FS958246.1, FS946138.1, 
FS944460.1, JK342044.1, JK265118.1, CV699567.1). 
These sequences were assembled via CAP3 and a 917 bp 
sequence was obtained (Figure 1). BLAST of this sequence 
showed a significant similarity with Nicotiana sylvestris 
cytochrome P450 (XM_009778139.1) (76%) and Citrus 
sinensis cytochrome P450 (XM_006490889.1) (76%). 

Based on this sequence, a 764 bp fragment was 
amplified from Csp450 cDNA and cloned (Figure 2). 
In subsequent verification of this sequence, in order to 
determine the full-length cDNA of the Csp450 gene with 
5ʹ and 3ʹ untranslated regions (UTRs), we first aimed to 
identify the 5ʹ and 3ʹ ends of the Csp450.

Figure 1. 916 bp sequence of Csp450 gene, generated by in silico cloning.
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The 5ʹ end was identified by two nested primers. The 
first round of 5ʹ RACE gave a fragment about 250–300 bp 
in length, whereas the second round was approximately 
200 bp. The sequence of this region was spliced, via 
overlapping the primer sequences, to the 916 bp sequence 
obtained by in silico cloning. Splicing revealed that the 
sequence obtained via in silico cloning already contained 
the start codon. 

The 3ʹ RACE PCR that was carried out to define the 
3ʹ end resulted in two fragments approximately 900 and 
300 bp in length. To understand which of these fragments 
represented the real 3ʹ end of the Csp450 cDNA, a standard 
PCR was performed with a degenerate primer that resulted 
in a distinct band of about 800 bp. Regarding this band, the 
900 bp band generated by 3ʹ RACE PCR was considered 
the 3ʹ end fragment. Following the cloning and sequence 
analysis, the 3ʹ end sequence was aligned and assembled 
to the in silico cloned sequence with the 5ʹ end sequence. 
Cloning and sequencing of this provisional full cDNA 
demonstrated that the full-length Csp450 cDNA was 1759 
bp in length, with 49 bp of 5ʹ and 183 bp of 3ʹ untranslated 
regions (Figure 3). The CDS of the gene is 1527 bp 
(GenBank accession number KT007221) and 508 amino 
acids in length (Figure 4). 

According to phylogenetic analysis, Csp450 is 
significantly similar to the CYP704C1-like superfamily 
(Figure 5). A conserved domain database search of the 
Csp450 amino acid sequence showed that the carboxyl-
terminal region of Csp450 also contains the heme-binding 
domain (FXXGXXXCXG), which is highly conserved 
among CYPs (Umemoto et al., 1993) (Figure 6).
3.2. Expression analysis of Csp450 in three consecutive 
harvesting periods 
As a result of the gene expression analysis by RT-qPCR, 
similar expression patterns were observed in the first two 

leaves of the three preharvest period C. sinensis plants 
(Figure 7). 

4. Discussion
In Turkey, the first tea garden was established in Rize 
in 1924, but agricultural C. sinensis (L.) Kuntze plant 
cultivation started after 1938 (Kafkas et al., 2009; Saklı, 
2011) Since then, several tea clones, such as Derepazarı-7, 
Muradiye-10, Tuğlalı-10, Pazar-20, and Gündogdu-3, 
have been developed and used in commercial black tea 
production. In this study, due to its high yield, we used the 
first two leaves from C. sinensis var. sinensis clone Fener-3 
(Zenginbal et al., 2014) for expression analysis. Because 
of their high phenolic content, a young bud and the first 
two or three leaves of the tea plant C. sinensis are used for 
high-quality Turkish tea production (Beris et al., 2005). 
It was suggested that the putative gene may play a role in 
catechin biosynthesis and thus its expression was analyzed 
in the first two leaves during three consecutive preharvest 
periods (De Vetten et al., 1999; Punyasiri et al., 2004; Liu 
et al., 2015). However, compared to the housekeeping gene 
GAPDH, normalized expression of the corresponding gene 
was found to be very low in each of the preharvest periods. 
Tea flowers at the end of August and at the beginning 
of September, and product accumulation occurs due to 
the high activity of the corresponding genes. It may be 
expected that CYP gene expression may decrease during 
the preharvest periods after the flowering season. Based on 
the phylogenetic analysis, Csp450 is significantly similar to 
a CYP704C1-like superfamily (Figure 5). There have been 
some studies reporting that members of the CYP704 family 
are involved in fatty acid metabolism in plants (Dobritsa et 
al., 2009; Li et al., 2010; Pinot and Beisson, 2011; Nelson 
and Werck‐Reichhart, 2011); however, all these enzymes 
belong to the CYP704B family. 

Figure 2. 750 bp sequence amplified from a 917 bp in silico cloned sequence (Binding regions of 
the primers are shown with orange bars. Arrows indicate the direction of the primers).
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Studies on the seasonal variation of the phenolic 
compounds in C. sinensis have shown that there were 
some seasonal differences in the accumulation of phenolic 
compounds in different catechin classes; some of them 
increased in the warmer season while others in the cold 
season (Yao et al., 2005; Liu et al., 2015). It should be 
considered that sunlight and length of daytime have an 
effect on phenolic compound distribution in tea shoots 

(Harbowy and Balentine, 1997; Wang et al., 2012a, 
2012b). In a study that addressed seasonal variation in 
phenolic compound distribution in Turkish tea from 
Rize (Erturk et al., 2010), it was demonstrated that total 
phenolic compounds were lower in May when compared 
to September, and increased from July to September. 
Moreover, cytochrome p450 genes are effective in 
responding to adverse environmental conditions like 

Figure 3. Schematic diagram of Csp450 full cDNA nucleotide sequence. 
Highlighted sections show the 5ʹ and 3ʹ UTR sequences.
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physiological stress, exogenous chemical treatments, and 
in xenobiotic metabolism in plants (Robineau et al., 1998; 
Morant et al., 2003; Mizutani, 2012; Tan et al., 2015). In the 
light of these studies, relatively high levels of expression 
were expected in September tea; however, the expression 
was not any different when compared to May and July. 

Due to poor or insufficient information on the activity 
of the CYP704C family in the literature, we were unable 
to estimate whether this result is correlated with catechin 
biosynthesis and therefore statistically significant.

Since the first discovery of plant CYPs in 1969 (Frear et 
al., 1969), CYPs have gained considerable attention because 

Figure 4. Amino acid sequence of Csp450.

Figure 5. Evolutionary relationship analysis of certain plant CYP genes. The tree was drawn by 
maximum likelihood method based on the Poisson correction model of some plant cytochrome 
P450 monooxygenase amino acid sequences (accession numbers are given in parentheses). The 
phylogenetic tree with the highest log likelihood (–8275.8434) is shown. The percentage of 
trees in which the associated taxa clustered together is shown next to the branches. A. lyrata 
was selected as an outgroup member.
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Figure 6. Multiple amino acid sequence alignment of certain CYP members; Camellia sinensis Csp450 (Csp450, highlighted in red), Solanum 
lycopersicum cytochrome p450 704C1-like isoform X1 (Sl_CYP704C1), Solanum tuberosum cytochrome p450 704C1-like 1 (St_CYP704C1), 
Nicotiana sylvestris cytochrome p450 704C1-like isoform X2 (Ns_CYP704C1), Solanum tuberosum cytochrome p450 704C1-like 2 (St_
CYP704C1), Theobroma cacao cytochrome p450 family protein (Tc_CYP), Vitis vinifera cytochrome p450 04C1-like (Vv_CYP704C1), Sesamum 
indicum cytochrome p450 704C1-like (Si_CYP704C1), Pyrus × bretschneideri cytochrome p450 704C1-like (Pb_CYP704C1), Nelumbo nucifera 
cytochrome p450 704C1-like (Nn_CYP704C1), Glycine max cytochrome p450 704C1 isoform X1 (Gm_CYP704C1), Medicago truncatula 
cytochrome P450 monooxygenase_CYP704G9 (Mt_CYP704G9), Zea_mays_Cytochrome P450 CYP704B12v2 (Zm_CYP704B12v2), Oryza 
sativa L. ssp japonica cytochrome P450 family protein (Os_CYP), Arabidopsis thaliana cytochrome P450 704B1 (At_CYP704B1), Arabidopsis 
lyrata ssp. lyrata CYP703A2 (Al_CYP703A2), and Arabidopsis thaliana cytochrome P450 703A2 (At_CYP703A2). Triangles indicate the heme-
binding domain residues. The figure was drawn with ESPript (Robert and Gouet, 2014).
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of their essential functions in plants. Although the P450 
superfamily enzymes have similar structures and features, 
they may have different effects on biological systems (Zhao 
et al., 2014). In this study, we identified a new CYP P450 
monooxygenase gene that may have a particular role in the 
secondary metabolism of the agriculturally, medicinally, 
and industrially important crop C. sinensis (L.) Kuntze. 

Further investigations and functional characterization 
of this gene may reveal the function of the gene in the tea 
plant metabolism. 

To the best of our knowledge, this study is the first in 
silico cloning and molecular characterization of a putative 
CYP704 family gene in C. sinensis (L.) Kuntze.
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