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Camellia species, an important economic plants widely distributed in Asia, are recalcitrant to RNA
extraction. Here, we developed a method for high quality RNA isolation. Based on the RNA isolated
from flower buds, deep transcriptome sequencing of Camellia oleifera, Camellia chekiangoleosa and
Camellia brevistyla were successfully carried out. About 600,000 readings produced in a single 454
sequencing run were assembled into 49,909 contigs and 72,877 singlets, 41.06% of which were
annotated. Subsequently, chalcone synthase (Chs) gene of C. chekiangoleosa was first cloned for gene
expression analysis. All these works could lay the foundation for future molecular studies of Camellias.
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INTRODUCTION

Camellias are very important economic plants producing
a lot of il in China (Shanan and Ying, 1982). Among the
238 identified species of Camellia, half can be cultivated
for oil production (Zhang, 1981), of which Camellia
oleifera is widely distributed in the south of China and is
known as eastern "olive" universally (Zhang et al., 2008).
In addition, the famous woody flowers, such as Camellia
chekiangoleosa with a lovely red flower, and lots of
cultivars were developed from wild Camellia species by
selection and breeding in China and Japan (Shanan and
Ying, 1982). During the first half of the Eighteenth
Century, Camellias have become fashionable orna-
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mentals in the milder zones of the world. In view of an
important breeding resource, the development of
Camellia germplasm is of great urgency. Now, a mole-
cular biology research has been developed to investigate
the genetic resources of Camellia, in order to improve the
exploitation and preservation of these species.

In recent years, transcriptome sequencing has become
more encompassing, including mRNA transcript-expres-
sion analysis (full-length mRNA, expressed sequence
tags (ESTs) and ditags), but to select the appropriate
input sample (total RNA or mRNA), the quality and
quantity is one of the current challenges for researchers
(Thomas and Timothy, 2008); so, RNA extraction from
specific plant organs and tissues is crucial. The Camellia
tissues that present high levels of polysaccharides,
polyphenolics and secondary metabolites (Yoshida et al.,
1994; Vijayan et al., 2009) are recalcitrant plants for
isolation of RNA. So far, there are no reports about the
comparison and evaluation of RNA extraction from
several species of Camellia and even its use for high-
throughput transcript analysis. This study aims to obtain
high quality RNA from Camellias for deep transcriptome
sequencing, although, it initially attempts to clone the
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valuable genes, and even made a foundation for
conservation of germplasm resource of Camellias.

MATERIALS AND METHODS

Camellia species used for RNA extraction were grown in Camellia
Germplasm Bank of Jiangxi Academy of Forestry, including two
clones of C. oleifera, C. chekiangoleosa, Camellia brevistyla and
Camellia cuspidata. The tabacco, Chinese tulip tree, Chinese red
pine and the tissue-cultured poplar were obtained in the
experimental fields of Nanjing Forestry University in November and
the tissues, which were healthy, were completely differentiated.
Samples were snap-frozen in liquid nitrogen and stored at -80°C.

RNA extraction protocol

Fresh plant tissue (0.3 g) was ground to a very fine powder in liquid
nitrogen, using a precooled (with liquid nitrogen) mortar and pestle.
The powder was transferred to 500 ul extraction buffer [100 mM
Tris-HCI (PH 8.0), 2.0 M NaCl, 25 mM EDTA, 2% (w/v) CTAB, 2%
(w/v) PVP, and addition of 3% (v/v) B-mercaptoethanol just prior to
use], incubated at 65°C for 30 min, and was vigorously shaken
every 8 to 10 min. After an equal volume of chloroform was
extracted, the upper aqueous phase was transferred to a new tube.
Ethanol was added slowly to the final concentration of 20% (v/v)
and precipitated for 30 min, after which the supernatant was
transferred to another tube. One-third of the volume of 10 M LiCl
was added and precipitated for 4 h at 4°C, while the tube was
centrifuged at 14000 g for 20 min at 4°C. Then, the supernatant
was discarded and the spare pellets were resuspended in 250 pl of
SSTE buffer [1 M NaCl, 0.5% (w/v) SDS, 10 mM Tris-HCI (pH 8.0),
1 mM EDTA] prewarmed. The suspension was transferred to a new
tube and extracted with PCl and chloroform, and then the
supernatant was transferred to 2 volumes of precooled absolute
ethanol, while the RNA was precipitated at -20°C for 2 h. After the
tube was centrifuged at 14000 g and 4°C for 20 min, the pellets
were washed twice with 1 ml of precooled 70% ethanol, by
centrifuging at 10000 g and 4°C for 2 min. Dried at room
temperature, the pellets were dissolved in 50 ul DEPC-treated
water. Then, the rough RNA was treated with DNase(Takara Bio
Inc., Japan). RNA yield was measured with the ND 1000 UV-Vis
Spectrophotometer (NanoDrop Technologies, New Zealand) and
was checked by electrophoresis on 1% agarose TAE gels.

Deep transcriptome sequencing

First-strand cDNA was produced using the RNA extracted from
flower buds by Clontech's SMART cDNA synthesis kit. Then,
Advantage 2 PCR Kits (Clontech) were used for ds cDNA
amplification. In this step, the optimal number of PCR cycles was
determined using the optimization tube. PureLink™ PCR
Purification Kit (Invitrogen) was used for cDNA purification. Deep
transcriptome sequencing of C. oleifera, C. chekiangoleosa and C.
brevistyla was carried out by 454 GS FLX. For gene name
annotation, the assembled sequences were compared against nr
protein sequence databases, using blastx with a significant
threshold of E < 10-5 (Hahn et al., 2009).

Full length cDNA cloning and gene expression
Full-length cDNA, encoding Chalcone synthase (Chs) gene, was

cloned by RACE using 5-Full RACE Kit (Takara) and 3'-Full RACE
Core Set Ver.2.0 (Takara). For semi-quantitative RT-PCR, primers

were first designed based on the results of transcriptome
sequencing and RACE, in order to amplify the three commonly-
used genes, including the housekeeping genes: Actin and the two
specific expression genes: Fatty acid desaturase 2 (Fad2) and Chs.
Then, 1 pg of the total RNAs, extracted from the flower buds of two
clones of C. oleifera (C. oleiferal and C. oleifera2), C.
chekiangoleosa, C. brevistyla and C. cuspidate, was reversely
transcribed with reverse-transcriptase (promega) at 25°C for 5 min
initially, and then at 42°C for 60 min, before it was finally transcribed
at 70°C for 15 min. Furthermore, the housekeeping gene, Actin,
was selected as the internal control (Thellin et al., 2003).

RESULTS AND DISCUSSION
RNA isolation

RNA, with high quality, is essential for transcriptome
sequencing. Due to the features of Camellia materials as
a recalcitrant plant, we switched over to CTAB methods
and tested a lot of modification. According to the feature
of phenolic compounds, we tried to use 25 mM EDTA, 3%
mercaptoethano and 2% polyvinyl pyrrolidone that
contributed to the prevention of polyphenolic oxidation
and a removal of polyphenolic (Wang and Vodkin, 1994).
To solve the problem of polysaccharides, several mea-
sures were also taken. The higher concentration of Na* of
the extraction buffer would increase the solubility of
polysaccharides (Chang et al., 1993), thus reducing their
coprecipitation with RNA in later steps of the protocol.
However, low concentration of ethanol was used to
precipitate the polysaccharides, while Li* was used to
precipitate RNA differentially from polysaccharides and
DNA. SDS extraction was added after LiCl precipitation,
which was necessary for the removal of contaminants,
organic molecules and residual Li*. By means of that
method, a trial was made to extract the RNA from diffe-
rent organs of C. oleifera, several species of Camellia
and other plant tissues including the tissue culture of
poplar, tobacco, Chinese tulip tree and Chinese red pine
in just one day, and was used to obtain good results. Due
to the differences in the effective material, the amount of
RNA extraction was slightly different. In sum, the average
yield was about 200 ug RNA g' fresh tissues of
Camellias. The A260/A280 absorbance ratios were 1.96
to 2.12, and the A260/A230 was always above 2.0 (Table
1). The integrities of RNA, extracted from the flower buds
of four Camellias, were tested on 1.0% agarose gel
electrophoresis, which showed clear, discrete rRNA with
no apparent degradation (Figure 1). The results showed
that the study’s protocol was adaptive and efficient.

Transcriptome sequencing

Nowadays, the sequencing technology is widely used,
due to the fact that the large-scale sequencing is a new
method for gene expression, identification and cloning of
novel genes. Before transcriptome sequencing, cDNA
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Table 1. Absorbance ratio and yield of RNA extraction from several organs of four species of Camellia, as well as

other plant species.

. Absorbance ratio Yield

SN~ Species Organ A260/A230 __ A260/A280 (ug/g)

1 C. oleifera Flower buds 2.0210.08 2.0610.04 174137
2 C. oleifera Leave buds 2.20+0.2 2.03+0.05 32045
3 C. oleifera Stems 1.9240.3 2.00£0.03 102+25
4 C. oleifera Roots 1.5540.3 1.9610.04 98+15

5 C. chekiangoleosa Flower buds 2.5110.04 2.0410.01 392135
6 C. brevistyla Flower buds 2.7110.08 2.0410.02 254130
7 C. cuspidata Flower buds 2.22+0.02 2.0710.01 14218
8 Chinese Tulip Tree Roots 2.0410.2 1.98+0.04 18020
9 Chinese Tulip Tree Leaves 2.2610.3 2.00£0.06 265140
10 Tobacco Leaves 2.4310.1 2.05+0.1 424+45
11 Tobacco flower buds 2.4810.1 2.0710.03 377172
12 Chinese red pine Leaves 2.34+0.1 2.1240.05 220+35
13 Tissue-cultured Poplar Leaves 2.56+0.1 2.02+0.03 89+20

Each value is indicated by the mean of 5 (n = 5), replicates recorded +SE.
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Figure 1. Agarose gel electrophoresis of RNA extracted from the flower buds of four Camellia species. M:
maker [ (tiangen); 1 and 2: the clones of C. oleifera (C. oleiferal and C. Oleifera2); 3: C. chekiangoleosa; 4:

C. brevistyla; 5: C. cuspidata.

should be synthesized from the total RNA; then, deep
transcriptome  sequencing of C. oleifera, C.
chekiangoleosa and C. brevistyla could be completed
using 454 GS FLX. However, 217,996, 219,906 and
154,597 readings of C. oleifera, C. chekiangoleosa and
C. brevistyla, respectively were generated in just a run.
After removal of the adaptor sequence and low
complexity sequence, 182,766, 190,545 and 132,147
readings of C. oleifera, C. chekiangoleosa and C.
brevistyla, respectively, with high quality, remained.
These readings were assembled into 49,909 contigs [C.
oleifera (15,733), C. chekiangoleosa (19,397) and C.
brevistyla (14,779)] and 72,877 singlets [C. oleifera
(20,606), C. chekiangoleosa (26,882) and C. brevistyla
(25,389)]. The N50 of the three species were 487, 504
and 542 bp, which showed little difference. Above all,
26,005 contigs [C. oleifera (7,786), C. chekiangoleosa
(9,732) and C. brevistyla (8,487)] and 24,411 singlets [C.
oleifera (6,306), C. chekiangoleosa (8,041) and C.

brevistyla (9,064)] were annotated using BLAST searches
(E-value = 1e-5) against the Nr database. A comparison
of this study with recently published results, which
employed 454 sequencing by Cheung et al. (2006) and
Vera et al. (2008), showed that in this study, the pro-
portion for high-quality readings was about 90%, which
was superior to their reports. As such, the readings per
sequencing run produced were also 2 to 5 times more
than those results. Based on the information, we could
estimate gene expression in different species, develop
genetic markers, and even detect and validate SNP.

Gene expression analysis

In the process of research on an economic plant, it is
meaningful to find out the molecular mechanisms of
biological features, especially the expression of some
crucial genes in different tissues and different
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Figure 2. Expression analysis of Chs and Fad2 in flower buds of four Camellia species by semi-quantitative PCR. A: the RT-PCR results of
C. oleiferal, C. oleifera2, C. chekiangoleosa, C. brevistyla, C. cuspidate, followed by Actin, Chs, Fad2-PCR amplification; B: Their relative

units in different results of RT-PCR were shown.

developmental stages. Flavonoids play important roles in
flower color formation, pollen development, auxin trans-
portation, UV damage prevention, disease resistance and
stress response in plant. The Chs gene catalyzed the first
committed step in the biosynthesis pathway of it (Hans et
al., 1986). The Chs gene is relatively conservative, and it
could be crucial for it to hold functions during the process
of evolution. Based on the results of transcriptome
sequencing, the Chs gene of C. chekiangoleosa was
cloned by RACE. The full length of the gene was 1469bp
(GenBank: HQ704701.1). The full length of the gene was
1469 bp, and it predicted an open reading frame of 1167
bp corresponding to 389 amino acids, flanked by 125 bp
of 5-untranslated sequence and 3’-untranslated
sequence of 117 bp. This was the first report that
described the isolation of a gene from C. chekiangoleosa.
A comparison of sequencing results and Chs sequences
of Camellia sinensis, embodied by GenBank, showed
that the homology was more than 90%. It preliminarily
confirmed that the Chs gene was a functional gene,
whose sequen-ces were conserved among Camellias.

As another important gene, fatty acid desaturase 2
(Fad?) is involved in the conversion of oleic acid into
linoleic acid in plant and is associated with the quality of
the oil (Tao et al., 2006). We analyzed the expression of
the Chs and Fad2. In the results (Figure 2), using the
Actin as a control, the expression of Chs was higher than
Actin, while the expression of Fad2 was relatively lower.
Meanwhile, the expression of the same gene in different
species was not always the same. According to the oil
content of those species, the expression of the Fad2
gene of C. oleiferal and C. oleifera2 was higher than the
other three species of Camellia, which indicated that
Fad2 may participate in the process of oil synthesis, while
Chs gene expression in different species were more or
less uniform, even if the flower color of these species

were not the same (the flower color of C. chekiangoleosa
was red, while the others were white). We could not find
the obvious connection between the Chs gene cloned by
us and the flower color, even if the Chs gene is essential
to the flavonoids synthesis.
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