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Abstract Oil camellia (Camellia oleifera Abel.) is a widely
cultivated economically important plant. In China, more than
100 elite cultivars have been authorized for commercial plan-
tations, representing the developmental base for the oil camel-
lia industry. Since oil camellia seedlings are frequently traded
and introduced to new places, there is an active demand to
develop a rapid and reliable identification toolkit to protect
and ensure the effective use of these resources. In this study,
ten highly polymorphic simple sequence repeat (SSR) primer
pairs were screened from the SSR primer database of oil ca-
mellia, andDNA fingerprints of 128 elite oil camellia cultivars
were constructed with these primer pairs. By analyzing the
fingerprinting profiles, all of these cultivars were found to
have unique DNA fingerprints, except ‘Changlin 40’ and
‘Fuyang 40’, which shared a complete similarity across all
of the fingerprints generated by these ten SSR primer pairs,
indicating that they were either synonyms or vegetative mu-
tants. Synonyms are a major source of confusion in protecting
and managing new varieties of plants. Although the synony-
my of these two cultivars needs to be further confirmed, our

data indicated a high possibility of synonyms among the au-
thorized oil camellia cultivars. This study provides a desirable
genetic toolkit for the identification and management of the
elite oil camellia cultivars, and also for the intellectual prop-
erty right protection of breeders.
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Introduction

Oil camellia (Camellia spp., Theaceae), an evergreen shrub or
tree native to China (Mondal 2011), has been widely cultivated
in tropical and sub-tropical regions of Asia (Chen et al. 2010)
for its valuable seed oil, which possesses several favorable
characteristics such as abundant vitamins and unsaturated fatty
acids (Long andWang 2008; Wang et al. 2008; He et al. 2011),
good storage stability, and positive health benefits (Zhong et al.
2001). The oil quality is comparable to that of olive oil (Long
and Wang 2008). Additionally, camellia oil also has been used
medicinally to treat intestinal disorders and burn injuries
(Huang et al. 2005, 2007; Chen et al. 2007). Because of its
high nutritional value, camellia oil has been deemed to be
one of the four best edible oils produced by woody plants
(Chen 2006). In China, there are over 3 million ha of oil ca-
mellia plantations, and the oil production is around 260,000 t
per year (The State Forestry Administration of China 2009). To
date, more than 100 elite oil camellia cultivars have been au-
thorized for promotion by local and national forestry adminis-
trations in China (The State Forestry Administration of China
2009). The effective use of these elite resources is of critical
importance for the continuing success of the camellia oil indus-
try. Therefore, it is essential to develop a rapid and reliable
toolkit for oil camellia cultivar identification.
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Traditionally, cultivar identification of oil camellia mainly
relies on phenotypic characteristics, such as morphology and
colors of leaf, flower, and fruit (Que and Zhang 2008). But,
the phenotypic distinctions among cultivars are normally am-
biguous and unreliable since it varies in different developmen-
tal stages and in different environments (Huang et al. 2006;
Que and Zhang 2008). DNA fingerprinting based on various
molecular markers has been proved to be an efficient and
promising means to distinguish different cultivars (Morell et
al. 1995; Korir et al. 2013). During the past decades, a variety
of DNA markers have been used for cultivar identification of
oil camellia, including randomly amplified polymorphic DNA
(RAPD, Zhang 2002; Chen et al. 2005), inter simple sequence
repeat (ISSR, Zhang et al. 2007; Wen et al. 2008; Yu et al.
2013), and sequence-related amplified polymorphism (SRAP,
Lin et al. 2010; Sun et al. 2014) markers. These molecular
markers provide more definitive means to identify oil camellia
cultivars over the traditional phenotypic distinction.

Recently, thousands of simple sequence repeat (SSR)markers
were developed and characterized for oil camellia (Wen et al.
2012; Shi et al. 2013; Xia et al. 2014). SSR markers possess
several advantages over the other molecular markers, including
co-dominance, high polymorphism, and good reproducibility
(Varshney et al. 2005; Oliveira et al. 2010; Kaur et al. 2015).
Furthermore, microsatellite markers are species-specific and,
therefore, avoid being disturbed by the cross-contamination of
non-target organisms (Selkoe and Toonen 2006), such as plant
endosymbiotic bacteria and other pathogenic microorganisms.
The genetic markers generated by species-specific SSR primers
are desirable genetic tools for distinctness, uniformity, and sta-
bility (DUS) testing [the Protection of New Varieties of Plants
(UPOV International Union for the Protection of New Varieties
of Plants 2010) in the protection of new plant varieties. SSRs
have been successfully applied for cultivar identification in a
wide range of plant species, such as cereals, vegetables, fruits,
and oilseeds (Wünsch and Hormaza 2002; Korir et al. 2013;
Kaur et al. 2015) and have been identified as one the most
powerful marker systems for plant variety characterization.

Although large SSR primer databases have been developed
for camellia species (Wen et al. 2012; Shi et al. 2013), their utility
in cultivar identification has not been determined. In the present
study, we aim to (1) develop a reliable genetic toolkit for oil
camellia cultivar identification, (2) construct DNA fingerprints
for the elite cultivars of oil camellia, and (3) examine whether
there are synonyms in the authorized oil camellia cultivars.

Results and discussion

Determination of a core SSR primer set

The selection of a set of highly polymorphic core SSR primers
is a crucial step for DNA fingerprinting in cultivar

identification (UPOV International Union for the Protection
of New Varieties of Plants 2010). A large number of SSR
primers have so far been developed for oil camellia (Wen
et al. 2012; Shi et al. 2013; Xia et al. 2014). Amplified with
a subset of six oil camellia cultivars from different origins, ten
SSR primers that generated highly polymorphic and clear fin-
gerprinting profiles were screened from a total of 109 primer
pairs based on denatured polyacrylamide gel electrophoresis
(Fig. 1). The primer sequences, along with information on the
SSRmotif and melting temperature (Tm) are provided in Table
1. Subsequently, DNA fingerprints for 128 elite oil camellia
cultivars were conducted with the selected primer pairs on an
ABI 3130 DNA Analyzer (Applied Biosystems, USA).
Fingerprints generated by these primers exhibit perfect repro-
ducibility under the highly stringent amplification conditions
in this study. The distinct fingerprinting peaks revealed by
these primers varied from 9 to 83, with an average of 42.4,
and the sizes of these peaks ranged from 91 to 344 bp

NJFUC53 

NJFUC243 NJFUC273 

NJFUC57 

Fig. 1 Representative polyacrylamide gel electrophoresis profiles of
PCR products amplified using the four SSR primer pairs
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(Table 2). Normally, SSRs with polymorphism information
content (PIC) values >0.5 were considered as highly informa-
tive markers (Botstein et al. 1980). The PIC values of these
primers ranged from 0.696 to 0.973, with an average of 0.906,
which was much higher than 0.5 (Table 2). The observed high
number of fingerprinting peaks in this study might due to the
following reasons: (1) Highly polymoprhic primers are select-
ed for fingerprinting the oil camellia cultivars; (2) camellia
trees possess a gigantic genome about 4.0 Gb (Junichi et al.
2006); the primers might have multiple copy in the genome;
and (3) ploidal level of camellia trees varies from diploidy to
octaploidy (Huang et al. 1984; Li 2001; Zhuang and Dong
1984); this will greatly increase the fingerprinting peaks re-
vealed by these SSR primers.

According to the UPOV guidelines (UPOV International
Union for the Protection of New Varieties of Plants 2010) for
DNA fingerprinting using molecular markers for the protec-
tion of new plant varieties, only markers with distinct PCR
bands, high reproducibility, and reasonable polymorphism can
be selected to use for this purpose. The selection of a core SSR
primer set for cultivar identification has been conducted in
many economically important plants, such as maize (Wang
et al. 2010, 2011), cotton (Pan et al. 2008), and Brassica
(Wei et al. 2012); however, such a marker toolkit is not pres-
ently available for oil camellia cultivar identification. The
SSR primer set screened in this study provides a useful genetic
toolkit for the identification and protection of the elite oil
camellia cultivars.

DNA fingerprinting of the elite oil camellia cultivars

The DNA fingerprints of 128 elite oil camellia cultivars were
generated using the established marker toolkit (Fig. 2). The
complete DNA fingerprinting profiles are available at http://
115.29.234.170/Database/Camellia_fingerprinting/. The
digital conversions of these profiles, based on the allele
sizes, are displayed in Supplementary Table S2. The distinct
genotypes identified by each primer pair ranged from 20
(NJFUC601) to 107 (NJFUC57, NJFUC243 and

NJFUC833), and the majority of cultivars (124) could be dis-
tinguished by a subset of six SSR primers, including
NJFUC57, NJFUC243, NJFUC273, NJFUC787, and
NJFUC833 (Table 2 and Supplementary Table S3).

Based on the genotypes identified by each primer pair, we
calculated the genotype frequencies at each SSR locus in the
128 oil camellia cultivars (Supplementary Table S3). The ge-
notype frequency at each locus ranged from 0.008 to 0.579
(Supplementary Table S4). Under the assumption that the ge-
notype frequencies at different loci were independent from
each other, the probability of matching genotypes across all

ten loci by chance alone can be calculated as P ¼ ∏
10

i¼1
Gf i,

where Gfi was the genotype frequency of a particular cultivar
revealed by the ith SSR primer. The by-chance-alone
matching probabilities of genotypes across all ten loci were
smaller than 1.95E-15 (Supplementary Table S4), which
meant if two cultivars had identical genotypes across all of
the ten SSR loci, the two cultivars should be synonyms or
result from somatic mutation. In the examined cultivars,
‘Changlin 40’ and ‘Fuyang 40’ were found to have identical
genotypes across all ten SSR loci; thus, these two cultivars

Table 1 Core SSR primer
sequences Primer name Repeat unit Forward primer (5′-3′) Reward primer (5′-3′) Tm (°C)

NJFUC53 (AAAAT)5 TGCCCTAAGTGTCATTC CAGGGATGATATTGTTTCT 53

NJFUC57 (TC)10 ATAGGTCTTTGTCTGGTT ATGTAGAGGAAGACTGGA 51

NJFUC243 (AGA)10 TGTATGGTTTGGCTCG GGTTGGCAAGATGAGA 55

NJFUC251 (TAT)7 AATCAACCAAGCGTAC AGATCCTCCAAACTCC 50

NJFUC273 (AAAAC)7 ATCTGTAGCTTAATTCTAG ATTTTCTGGAGCATCT 49

NJFUC600 (AT)7 GTCTTGGCTATCATTTT TTTCCTATTGACCTCC 49

NJFUC601 (TAAA)4 GTGGATTCTAGGGAGC CAAAACCGACTTATGG 51

NJFUC653 (TCGGC)3 ATCGACCTTTGTTGGG ATTGAAGCTGGCATTT 52

NJFUC787 (AT)7 GTGGCTCAATAAGGAT CATTACACCGTCTTCAT 50

NJFUC833 (AAT)5 GTGGGTTACGGGTTTA CGGGACAAGTTCAGTT 53

Table 2 Summary of the genotyping information for each SSR primer

Primer name Number of
allele

Allele size
(bp)

PIC Number of
genotype

NJFUC53 19 188–221 0.852 43

NJFUC57 56 215–286 0.943 107

NJFUC243 83 122–294 0.956 107

NJFUC251 83 91–210 0.973 96

NJFUC273 54 224–344 0.936 102

NJFUC600 21 219–254 0.880 80

NJFUC601 9 108–183 0.696 20

NJFUC653 34 224–290 0.946 103

NJFUC787 31 175–218 0.938 101

NJFUC833 34 215–252 0.943 107

Mean 42.4 0.906 86.6
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should be synonyms or vegetative mutants. According to the
registration files of these two cultivars, there were no records
indicating that they were somatic mutants of each other. We
planted these two cultivars in our greenhouse, and no pheno-
typic distinctions were noticed through a 3-year observation
period thus far. Take together, ‘Changlin 40’ and ‘Fuyang 40’
were identified as synonyms. In the recent decade, there was a
big booming of the oil camellia plantations in southern China,
and seedlings of oil camellia were traded and introduced fre-
quently across different areas. The synonym of cultivars is a
major source of confusion in managing the elite cultivars of
economic plants, including oil camellia. Although synonymy
of these two cultivars is not completely for sure, our data
indicate a high possibility of synonyms in the authorized oil
camellia cultivars.

DNA fingerprinting has been applied for cultivar identifi-
cation in various crop species, including cereals, vegetables,
fruits, oilseeds, and nuts (Korir et al. 2013). However, strictly
speaking, these techniques were not used for Bidentification^
but for Bdistinction of a limited number of cultivars^
(Kunihisa et al. 2009), since in most cases they were applied
for a limited number of definitive cultivars. For managing the
new plant varieties, we need to establish the DNA fingerprints
for all of the authorized cultivars of a particular species; based
on that, the probability of completely matching of a test culti-
var with the cultivars on the authorized list can be calculated,
and thus synonym can be avoided in authorizing new plant
varieties. Kunihisa et al. (2009) identified 117 strawberry cul-
tivars with a probability of >99.9 % with 16 cleavage ampli-
fied polymorphic sequence (CAPS) markers. In this study, we
established a DNA fingerprints database for 128 elite oil ca-
mellia cultivars with highly variable SSR markers, which pro-
vide desirable fingerprinting references for managing and
monitoring the oil camellia seedling trading activities.

The dendrogram of oil camellia cultivars

A dendrogram elucidating the genetic relationships among the
128 oil camellia cultivars was constructed based on the finger-
printing data using the UPGMA cluster analysis. The pairwise
similarity coefficients between cultivars were in the range of
0.788 to 1.0, with an average of 0.851. As mentioned above,
cultivars of ‘Changlin 40’ and ‘Fuyang 40’were found to share
a complete similarity of 1.0 (Fig. 3); together with other facts
on file, they were highly possible to be synonyms. On the
dendrogram, these two cultivars were found to be closely relat-
ed to ‘Changlin 21’, indicating that ‘Changlin 40’might be the
senior synonym. It was noteworthy that most of the similarity
coefficients were greater than 0.80 (accounted for 98.8 % of the
pairwise comparison), indicating a narrow genetic base of these
oil camellia cultivars. It is recorded that oil camellia has a
cultivation history for over 2300 years in China (Xing et al.
2012). The narrow genetic base might be due to the selection

pressure of domestication. Clonal selection and hybrid breed-
ing have been the most common strategies in the oil camellia
breeding program. Although conventional breeding is success-
ful for plant variety improvement, it also leads to the tapering
down of the genetic base (Mukhopadhyay and Mondal 2014).
On the dendrogram, we also noticed that cultivars from a par-
ticular location were commonly found to scatter among differ-
ent clades. Oil camellia has a long cultivation history and is
frequently introduced and transported from one place to anoth-
er. Moreover, the derived dendrogram would be different if we
use different data sets and algorithms. Thus, the dendrogram
constructed in this study might not reflect the original geo-
graphic origins of these cultivars.

Conclusion

In this study, we constructed the DNA fingerprinting profiles
of 128 elite oil camellia cultivars with a set of highly poly-
morphic SSR primer pairs. This database supplied a useful
reference for managing and monitoring the seedling trading
activities. With the established marker toolkit, it was found
that there was a high possibility of synonyms in the authorized
elite cultivars of oil camellia. This study provided a reliable
and efficient genetic toolkit for the characterization new vari-
eties of oil camellia and also gave an example that demonstrat-
ed the necessity to introduce DNA fingerprinting in the man-
agement and protection of new varieties of plants.

Materials and methods

Plant material and DNA extraction

A total of 128 elite camellia cultivars were collected from ten
provinces (Anhui, Fujian, Guangxi, Guizhou, Hubei, Hunan,
Jiangxi, Shanxi, Sichuan, and Zhejiang) in China through the
administration of the Southern Forest Tree Seeds Inspection
Center of China. These cultivars weremaintained in the green-
house on the campus of Nanjing Forestry University. Detailed
information on these cultivars is listed in Supplementary
Table S1.

Genomic DNA was extracted from young leaves of each
cultivar using a DNeasy Plant Mini kit (Qiagen, Valencia,
CA). Qualitative and quantitative evaluations of the extract-
ed DNA were performed using a NanoDrop 2000 spectro-
photometer (Thermo Fisher Scientific, Wilmington, DE) and
agarose gel electrophoresis.

Core SSR primer screening

We synthesized a total of 109 SSR primer pairs that showed
polymorphisms among different camellia cultivars according
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to Shi et al.’s study (2013). These primers were screened by
amplifying with DNAs extracted from six oil camellia culti-
vars from different origins. PCR was carried out in an ABI-

9700 Thermocycler (Applied Biosystems, Foster City, CA)
with a total volume of 15μL, containing 25 ngDNA template,
20 ng of each primer, 1.5 μL 10× PCR buffer (Mg2+ plus),
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Fig. 2 Electropherograms of DNA fingerprinting generated by two representative SSR primers on an ABI 3130DNAAnalyzer. a, b Primer NJFUC273
amplified in cultivar ‘AH19’ and ‘Eyou 54’; c, d Primer NJFUC600 amplified in cultivar ‘Feng 586’ and ‘Xing 48’
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Fig. 3 The dendrogram of the 128 oil camellia cultivars built based on the fingerprinting data
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0.15 μL BSA (10 mM), 0.4 μL dNTP (2.5 mM), and 1 U Taq
DNApolymerase (Lifefeng, Shanghai, China). Amplifications
were performed using a touchdown program with an initial
denaturation at 94 °C for 4 min; then 94 °C for 30 s, 59 °C
for 30 s, and 72 °C for 30 s, followed by 9 cycles having
annealing temperatures decreasing by 1 °C per cycle; and
25 cycles of 94 °C for 30 s, 50 °C for 30 s, and 72 °C for
30 s, followed by a final extension at 72 °C for 7 min. The
PCR amplification was repeated three times for each primer
pair. Amplified products were separated on 8 % denatured
polyacrylamide gels (acrylamide/bis-acrylamide=39:1) and
visualized by silver staining.

SSR primers for cultivar identification were selected using
the following criteria: (1) successful amplification in all sam-
ples, (2) amplification of a clear and reproducible banding
pattern, and (3) the number of alleles was ≥3 or the polymor-
phism information content (PIC) value was ≥0.65.

DNA fingerprinting

The selected SSR primers were labeled with 6-carboxy-
fluorescine (FAM) for DNA fingerprinting of the 128 elite oil
camellia cultivars. PCR amplification was carried out as de-
scribed above. All of the fluorescent PCR amplicons were an-
alyzed on an ABI 3130 DNA Analyzer (Applied Biosystems)
with GeneScan™ 500 ROXTM (Applied Biosystems) as the
internal size standard. Allele scoring was performed using
GeneMapper v 3.7 (Applied Biosystems).

Data analysis

PIC was calculated for each core primer combination using

the formula (Keim et al. 1992): PIC ¼ 1‐∑
n

i
P2
i , where n is the

total number of alleles detected for a SSRmarker, and Pi is the
frequency of the ith allele. Genetic relationships among the
collected cultivars were analyzed using a UPGMA algorithm
with the NEIGHBOR program in PHYLIP (V3.5c,
Felsenstein 1989), and a dendrogram was constructed using
the MEGA6 program (Tamura et al. 2013).

Data archiving statement

The DNA fingerprint data generated in this study were depos-
ited at the website http://115.29.234.170/Database/Camellia_
fingerprinting/. The accession numbers will be supplied once
available.

Acknowledgments We thank Prof. Shuxian Li and Jiseng Shi at the
Southern Forest Tree Seeds Inspection Center of China for their help in
collecting the elite oil camellia cultivars. This work was funded by the
948 Project (2014-4-13), the Natural Science Foundation of China and
Jiangsu Province (31400564, 31270711, and BK20130968). It was also
supported by Jiangsu Planned Projects for Postdoctoral Research Funds

(1402011B), the Innovative Research Team Program in Jiangsu Province
and the Educational Department of China, and the Priority Academic
Program Development (PAPD) Program at Nanjing Forestry University.

References

Botstein D, White RL, Skolnick M, Davis RW (1980) Construction of
genetic linkage map in man using restriction fragment length poly-
morphisms. Am J Hum Genet 32:314–331

Chen YZ (2006) Tea oil camellia. In: Hu FM, Tan XF, Liu HM (eds)
Culture and utilization of Chinese non-wood product forest trees.
China forestry publishing house, Beijing, pp 370–383

Chen YZ, Zhang ZY, Tan XF (2005) Identification of oil tea (Camellia
oleifera) superior clones by RAPD molecular marker. J Central
South Forestry University 25:40–45. doi:10.14067/j.cnki.1673 -
923x.2005.04.009

Chen H, He M, Huang Q, Liu D, Huang M (2007) Sasanquasaponin
protects rat cardiomycytes against oxidatice stress induced by
anoxia-reoxygenation injury. Eur J Pharmacol 575:21–27. doi:10.
1016/j.ejphar.2007.07.043

Chen YF, Yang CH, Chang MS et al (2010) Foam properties and deter-
gent abilities of the saponins from Camellia oleifera. Int J Mol Sci
11:4417–4425. doi:10.3390/ijms11114417

Felsenstein J (1989) PHYLIP-phylogeny inference package. Cladistics 5:
164–166. doi:10.1111/j.1096-0031.1989.tb00562.x

He L, Guo YZ, Huai YZ et al (2011) Research progress on the health
function of tea oil. J Med Plant Res 5:485–489

Huang SF, Zhao ZF, Wu RJ, Li JP, Hsu PS (1984) Karyotype analysis in
Camellia chekiangoleosa Hu. Guihaia 4:285–288

Huang Q, Shao L, HeM, Chen H, Liu D, Luo Y, Dai Y (2005) Inhibitory
effects of sasanquasaponin on over-expression of ICAM-1 and on
enhancement of capillary permeability induced by burns in rats.
Burns 31:637–642. doi:10.1016/j.burns.2005.02.006

Huang YF, Chen X, Zhuang XYet al (2006) Analysis of genetic diversity
in Camellia oleifera germplasms. Scientia silvae sinicae 42:38–43.
doi:10.11707/j.1001-7488.20060407

Huang Q, HeM, Chen H, Shao L, Liu D, Luo Y, Dai Y (2007) Protective
effects of sasanquasaponin on injury of endothelial cells induced by
anoxia and reoxygenation in vitro. Basic Clin Pharmacol Toxicol
101:301–308. doi:10.1111/j.1742-7843.2007.00119.x

Junichi T, Fumiya T, Noriko H, Satoshi Y (2006) Estimation of the ge-
nome size of tea (Camellia sinensis) camellia (C. japonica) and their
interspecific hybrids by flow cytometry. Chagyo Kenkyu Hokoku
101:1–7. doi:10.5979/cha.2006.1

Kaur S, Panesar PS, Bera MB et al (2015) Simple sequence repeat
markers in genetic divergence and marker-assisted selection of rice
cultivars: a review. Crit Rev Food Sci Nutr 55:41–49. doi:10.1080/
10408398.2011.646363

Keim P, Beavis W, Schupp J, Freestone R (1992) Evaluation of soybean
RFLP marker diversity in adapted germplasm. Theor Appl Genet
85:205–212. doi:10.1007/BF00222861

Korir NK, Han J, Shangguan L et al (2013) Plant variety and cultivar
identification: advances and prospects. Crit Rev Biotechnol 33:111–
125. doi:10.3109/07388551.2012.675314

Kunihisa M, Ueda H, Fukino N, Matsumoto S (2009) DNA markers for
identification of strawberry (Fragaria× ananassa Duch.) cultivars
based on probability theory. J Jpn Soc Hortic Sci 78:211–217

Li GT (2001) New advance in karyotype studies of genus Camellia. Chin
Wild Plant Resour 20:9–14

Lin P, Yao XH,Wang KL, Zheng TT, Teng JH (2010) Idengtification and
genetic analysis of camellia oleifera changlin series superior clones
by SRAPmolecular marker. J Agric Biotechnol 18:272–279. doi:10.
3969/j.issn.1674-7968.2010.02.011

Tree Genetics & Genomes (2016) 12: 7 Page 7 of 8 7

http://115.29.234.170/Database/Camellia_fingerprinting/
http://115.29.234.170/Database/Camellia_fingerprinting/
http://dx.doi.org/10.14067/j.cnki.1673%20-923x.2005.04.009
http://dx.doi.org/10.14067/j.cnki.1673%20-923x.2005.04.009
http://dx.doi.org/10.1016/j.ejphar.2007.07.043
http://dx.doi.org/10.1016/j.ejphar.2007.07.043
http://dx.doi.org/10.3390/ijms11114417
http://dx.doi.org/10.1111/j.1096-0031.1989.tb00562.x
http://dx.doi.org/10.1016/j.burns.2005.02.006
http://dx.doi.org/10.11707/j.1001-7488.20060407
http://dx.doi.org/10.1111/j.1742-7843.2007.00119.x
http://dx.doi.org/10.5979/cha.2006.1
http://dx.doi.org/10.1080/10408398.2011.646363
http://dx.doi.org/10.1080/10408398.2011.646363
http://dx.doi.org/10.1007/BF00222861
http://dx.doi.org/10.3109/07388551.2012.675314
http://dx.doi.org/10.3969/j.issn.1674-7968.2010.02.011
http://dx.doi.org/10.3969/j.issn.1674-7968.2010.02.011


Long Z, Wang D (2008) Chemical constituents of olive oil and from
Camellia oleifera seed oil. J Chinese cereals and oilsAssoc 23:121–123

Mondal TK (2011) Camellia. In: Kole C (ed) Wild crop relatives: geno-
mic and breeding resources. Springer, Berlin Heidelberg, NewYork,
pp 15–39

Morell MK, Peakall R, Appels R et al (1995) DNA profiling techniques
for plant variety identification. Aust J Exp Agric 35:807–819. doi:
10.1071/EA9950807

MukhopadhyayM,Mondal TK (2014) The physio-chemical responses of
Camellia plants to abiotic stresses. J Plant Sci Res 1:105

Oliveira MB, Vieira ESN, Schuster I (2010) Construction of a molecular
database for soybean cultivar identification in Brazil. GenetMol Res
9:705–720. doi:10.4238/vol9-2gmr706

Pan ZE, Sun J,WangX, Jia Y, Zhou Z, Pang B, DuX (2008) Screening of
SSR core primers with polymorphism on a cotton panel. Biodivers
Sci 16:555–561. doi:10.3724/SP.J.1003.2008.08132

Que SQ, Zhang F (2008) DNAExtraction fromCamellia oleifera and the
establishment of the optimum reaction system of RAPD analysis. J
Anhui agricultural Sci 36:902. doi:10.13989/j.cnki.0517-6611.
2008.03.125

Selkoe KA, Toonen RJ (2006) Microsatellites for ecologists: a practical
guide to using and evaluating microsatellite markers. Ecol Lett 9:
615–629. doi:10.1111/j.1461-0248.2006.00889.x

Shi J, Dai X, Chen Yet al (2013) Discovery and experimental analysis of
microsatellites in an oil woody plantCamellia chekiangoleosa. Plant
Syst Evol 299:1387–1393. doi:10.1007/s00606-013-0814-x

Sun PG, Xi RC, Li JC, OuyangKX, Zhong HY, Chen XY (2014) Genetic
analyses and molecular identification of 25 superior clones of
Camellia oleifera. J South China Agric Univ 35:83–88. doi:10.
7671/j.issn.1001-411X.2014.06.016

Tamura K, Stecher G, Peterson D, Filipski A, Kumar S (2013) MEGA6:
molecular evolutionary genetics analysis version 6.0. Mol Biol Evol
30:2725–2729. doi:10.1093/molbev/mst197

The State Forestry Administration of China. 2009. Beijing: National ca-
mellia oleifera industry development plan (2009–2020). National
Plan for the Development of Camellia oleifera oil (2009–2020)
http://www.gnycw.com/Law/ShowInfo.asp? InfoID= 523.

UPOV (International Union for the Protection of NewVarieties of Plants)
(2010) Guidelines for DNA profiling: molecular marker selection
and database construction (BBMT guidelines^). UPOV, Geneva,
Switzerland

Varshney RK, Graner A, Sorrells ME (2005) Genic microsatellite
markers in plants: features and applications. Trends Biotechnol 23:
48–55. doi:10.1016/j.tibtech.2004.11.005

Wang X, Chen Y, Wu L (2008) Oil content and fatty acid composition of
Camellia oleifera seed. J Central South Univ Forestry Technol 28:
11–17. doi:10.14067/j.cnki.1673-923x.2008.03.023

Wang L, Bai J, Wang Y, Wang Y, Zhao W, Su L (2010) Selection of SSR
core primers for Maize hybrid purity identification in Shanxi Province.
J Shanxi Agric Sci. doi:10.3969/j.issn.1002-2481.2010.01.05

Wang FG, Tian HL, Zhao JR, et al (2011) Development and characteri-
zation of a core set of SSR markers for fingerprinting analysis of
Chinese maize varieties. Maydica, 56.

Wei L, Zhao C, Li J et al (2012) Screening of core simple sequence repeat
primer pairs and establishment of a multiplex polymerase chain
reaction system for Brassica genomes A and C. Plant Breed 131:
457–459. doi:10.1111/j.1439-0523.2012.01955.x

Wen Q, Lei X, Ye J et al (2008) Identification ofCamellia oleifera superior
clones by ISSR molecular markers. J Central South Univ Forestry
Technol 1:008. doi:10.14067/j.cnki.1673-923x.2008.01.024

Wen Q, Xu L, Gu Yet al (2012) Development of polymorphic microsat-
ellite markers in Camellia chekiangoleosa (Theaceae) using 454-
ESTs. Am J Bot 99:e203–e205. doi:10.3732/ajb.1100486

Wünsch A, Hormaza JI (2002) Cultivar identification and genetic finger-
printing of temperate fruit tree species using DNA markers.
Euphytica 125:59–67. doi:10.1023/A:1015723805293

Xia EH, Jiang JJ, Huang H et al (2014) Transcriptome analysis of the oil-
rich tea plant, camellia oleifera, reveals candidate genes related to
lipid metabolism. PLoS One 9:e104150. doi:10.1371/journal.pone.
0104150

Xing C, Liu X, Jin Q et al (2012) Moisture sorption thermodynamics of
camellia oleifera. Food biophysics 7:163–172. doi:10.1007/s11483-
012-9254-3

Yu X, Yu F, Liu J, Chen J (2013) Identification and genetic diversity
analysis of Camellia oleifera varieties using ISSR marker. J
Nanjing Forestry Univ(Natural Sci Ed) 37:61–66

Zhang ZJ (2002) Tissue culture, molecular identification by RAPD
markers and construction of cDNA library in tea oil camellia.
Central South Forestry University, Dissertation

Zhang G, Zhong W, Wuyun T et al (2007) Identification of oil tea
Camellia oleifera superior clones by ISSR molecular marker. For
Res 20:278–283

Zhong HY, Xie BX, Wan CN (2001) Current situation and prospect on
utilization ofCamellia oleifera in China. China Forestry Sci Technol
15:6–8

Zhuang RL, DongRX (1984) The preliminary study on size and variation
of pollens and on chromosome numbers of Camellia spp. For Sci
Technol 3:15–17. doi:10.13456/j.cnki.lykt.1984.03.007

7 Page 8 of 8 Tree Genetics & Genomes (2016) 12: 7

http://dx.doi.org/10.1071/EA9950807
http://dx.doi.org/10.4238/vol9-2gmr706
http://dx.doi.org/10.3724/SP.J.1003.2008.08132
http://dx.doi.org/10.13989/j.cnki.0517-6611.2008.03.125
http://dx.doi.org/10.13989/j.cnki.0517-6611.2008.03.125
http://dx.doi.org/10.1111/j.1461-0248.2006.00889.x
http://dx.doi.org/10.1007/s00606-013-0814-x
http://dx.doi.org/10.7671/j.issn.1001-411X.2014.06.016
http://dx.doi.org/10.7671/j.issn.1001-411X.2014.06.016
http://dx.doi.org/10.1093/molbev/mst197
http://www.gnycw.com/Law/ShowInfo.asp
http://dx.doi.org/10.1016/j.tibtech.2004.11.005
http://dx.doi.org/10.14067/j.cnki.1673-923x.2008.03.023
http://dx.doi.org/10.3969/j.issn.1002-2481.2010.01.05
http://dx.doi.org/10.1111/j.1439-0523.2012.01955.x
http://dx.doi.org/10.14067/j.cnki.1673-923x.2008.01.024
http://dx.doi.org/10.3732/ajb.1100486
http://dx.doi.org/10.1023/A:1015723805293
http://dx.doi.org/10.1371/journal.pone.0104150
http://dx.doi.org/10.1371/journal.pone.0104150
http://dx.doi.org/10.1007/s11483-012-9254-3
http://dx.doi.org/10.1007/s11483-012-9254-3
http://dx.doi.org/10.13456/j.cnki.lykt.1984.03.007

	DNA fingerprinting of oil camellia cultivars with SSR markers
	Abstract
	Introduction
	Results and discussion
	Determination of a core SSR primer set
	DNA fingerprinting of the elite oil camellia cultivars
	The dendrogram of oil camellia cultivars

	Conclusion
	Materials and methods
	Plant material and DNA extraction
	Core SSR primer screening
	DNA fingerprinting
	Data analysis
	Data archiving statement

	References


