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by freeze dryer for 48 h. Freeze-dried powder 0.15 g 

were dissolved in 3 mL 80% (V/V) methanol and 

extracted by ultrasonic sonicator for 10 min at room 

temperature. After centrifugation at 3000×g for  

10 min, the residues were re-extracted twice as above. 

The merged supernatants were filtered through a  

0.22 μm organic membrane. The extraction of amino 

acid was performed according to above method with 

slight modification. The extraction reagent was 

changed to deionized water instead of 80% methanol 

and extracted with water bath for 20 min at 100℃. 

 

1.4 HPLC analysis 

Purine alkaloids were detected using Waters 

e2695 equipped with 2489 ultraviolet (UV)-visible 

detector. A reverse-phase C18 column (Gemini 5 μm, 

250 mm×4.60 mm, Phenomenex, USA) was used at 

flow rate of 1.0 mL min
–1

. The detection wavelength 

was 274 nm, the column oven temperature was 25℃. 

The mobile phase composition was according to the 

method described by Xu, et al
[13] 

with a slight 

modification as follows: 0.2% (V/V) acetic acid (A) 

and 100% (V/V) acetonitrile (B), and the gradient 

conditions as follows: A 92% at 0 min, 83% (V/V) at 

25 min, 15% at 30 min, 10% at 32 min, 92% at 35 min, 

92% at 40 min. HPLC grade acetic acid, methanol and 

acetonitrile were obtained from Tedia Co., Ltd. 

(Fairfield, OH, USA). Caffeine, 7-methylxanthine and 

theobromine standards were obtained from Sangon 

Biotech (Shanghai) Co., Ltd. 

Amino acids in leaves were detected using a 

Waters 600E series HPLC equipped with a quaternary 

pump, a 2475 fluorescence detector, and a 2489 

ultraviolet (UV)-visible detector, fluorescence detector, 

λex=250 nm, λem=395 nm; column temperature, 37℃; 

injection volume, 5 μL. A Waters AccQ·Tag reverse- 

phase C18 column was used at flow rate of 1.0 mL min
–1

. 

The detection wavelength was 199 nm for analysis. 

The conditions of HPLC were according to the 

method described by Xu et al
[13] 

with a slight 

modification. The mobile phase consisted of 9% (V/V) 

AccQ·Tag eluent as solvent A, 100% (V/V) acetonitrile 

as solvent B, and deionized water as solvent C. The 

gradient conditions were as follows: 0 min, 100% A; 

17 min, 91% A, 5% B; 24 min, 80% A, 17% B; 32 min, 

68% A, 20% B; 34 min, 68% A, 20% B; 35 min, 0% A, 

40% B; 37 min, 0% A, 60% B; 38 min, 100% A; to  

45 min, 100% A. Flow rate was 1.0 mL min
–1

. Amino 

Acid Standards (AAS18-5ML) were purchased from 

Sigma-Aldrich Co., Ltd., theanine standard from 

Shanghai Yuanye Biological Technology Co., Ltd., 

and AccQ·Tag Kit from Waters (Milford, MA, USA). 

Phenolic compounds were detected by Waters 

2695 equipped with 2489 ultraviolet (UV)-visible 

detector. A reverse-phase C18 column (Gemini 5 μm, 

250 mm×4.60 mm, Phenomenex, USA) was used at 

flow rate of 1.0 mL min
–1

. The detection wavelength 

was 278 nm and the column oven temperature was 

25℃. The mobile phase composition was according to 

the method described by Jiang et al
[14]

 with slight 

modification as follows: 0.17% (V/V) acetic acid (A) 

and 100% (V/V ) acetonitrile (B), and the latter 

gradient as follows: B 6% for 0 min, 14% (V/V) for 

16 min, 15% for 22 min, 18% for 32 min, 89% for  

37 min, 45% for 45 min, 45% for 50 min, 6% for  

51 min, and 6% for 60 min. The standards of C, EC, 

GC, EGC, EGCG, ECG, βG, GA, Gd were purchased 

from Sigma (St Louis, MO, USA). 

 

1.5 Statistical analysis 

All data were showed as mean±standard deviation. 

Analysis of variance was performed with Data 

Processing System (DPS). Statistical analyses were 

performed with SIMCA (Version 13.0.3).  

 

2 Results 
 

2.1 Principle components and anatomic structure 

of leaves 

The morphology characteristics of transection 

include thickness of leaf (A), thickness of upper 

epidermis (B), thickness of upper cuticle (C), thickness 

of palisade tissue (D), thickness of spongy tissue (E), 

thickness of lower epidermis (F), thickness of lower 

cuticle (G), thickness of midrib (H), ratio of palisade 

tissue to spongy tissue (I), fineness of leaf tissue (J), 
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porosity of leaf tissue (K) and midrib protuberant 

degree (L). The transections of C. sinensis, C. oleifera 

and grafted plant leaf were composed of upper and 

lower epidermises, upper and lower cuticle, palisade 

tissue, and spongy tissue. The principle component 

analysis (PCA) showed that the contribution ratio of 

indexes A to G, I, and J were higher in PCA (Fig. 1). 

They are the most important factors affecting cluster 

pattern via PCA (Fig. 2). The cluster pattern showed the 

relationships among C. sinensis, C. oleifera and grafted 

leaves. Apparently, C. sinensis, C. oleifera and grafted 

plants clearly separated from each other, forming 

distinct cluster. C. sinensis and grafted plants clustered 

together were independent from C. oleifera. These 

indicated that the characters of upper part of grafted 

seedlings mainly closed to their corresponding scions. 

There were significant differences (P<0.05) in these 

indexes among three taxa. 

 

Fig. 1 Contribution ratio of leaf morphological indexes by principle component analysis (PCA). A: Thickness of leaf; B: Thickness of upper epidermis; C: 

Thickness of upper cuticle; D: Thickness of palisade tissue; E: Thickness of spongy tissue; F: Thickness of lower epidermis; G: Thickness of lower cuticle; H: 

Thickness of midrib; I: Ratio of palisade tissue to spongy tissue; J: Fineness of leaf tissue; K: Porosity of leaf tissue; L: Midrib protuberant degree.  

 

Fig. 2 Principle component analysis (PCA) of score plots derived from anatomic characteristics data of Camellia sinensis (CS), C. oleifera (CO) and grafted 

plants (GP). The principle components P1 and P2 represent 39.2% and 19.1% of the information derived from morphology anatomy, respectively.  

 

All of indexes, except of thickness of spongy tissue, 

were in order as C. sinensis < grafted plant < C. oleifera, 

because thickness of spongy tissue of grafted plant was 

close to that of C. sinensis. The thickness of palisade 

tissue and ratio of palisade tissue to spongy of grafted 

plant were higher than those of C. sinensis, and its leaf 

thickness was lower. Leaves could prevent moisture 

evaporation during drought with developed palisade 

tissue and simplified spongy tissue in mesophyll
[15–16]

. 

The thicknesses of upper and lower cuticle in grafted 

leaves were significantly bigger than those of C. sinensis. 

Therefore, grafted seedlings had high resistibility with 

strong protective covering. The ratio of palisade tissue to 

spongy tissue, fineness of leaf tissue and thickness of leaf 

epidermis had positive correlation with its cold 

resistance
[17–18]

. The results showed the thickness of 

upper and lower epidermis of grafted leaves not greatly 

increased compared to those of C. sinensis and obviously 

lower than that of stock (Fig. 3: B, F). However, the ratio 

of palisade tissue to spongy tissue and fineness of leaf  
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than twice in grafted leaves (14.10 μmol g
–1

 FW), 

while it was only trace amount in C. oleifera leaves 

(0.44 μmol g
–1

 FW). 

 

2.4 Content of polyphenols in leaves 

Flavonoids, including flavan-3-ols (catechins), 

anthocyanins, proanthocyanins flavonols, and phenolic 

acids, are derived from multiple branches of the 

phenylpropanoid biosynthetic pathways
[24]

. The major 

flavan-3-ols contain EC and EGC (non-gallate 

catechins), ECG and EGCG (gallate catechins). 

Catechins biosynthesis might not only exert anti-stress 

functions, but also are considered as part of primary 

metabolism
[25]

. The contents of flavan-3-ols and 

phenolic acids of grafted leaves were lower than those 

of C. sinensis (Table 3). Flavan-3-ols, especially EGC 

and GC, were the major components of flavonoids in 

leaves of three species. Compared with C. sinensis, 

non-gallate catechins (EC, C, GC, EGC) contents in 

grafted leaves were slightly increased except catechin 

(C). However, the contents of gallate catechins (ECG 

and EGCG) were decreased at various degrees in 

leaves of grafted plant, compared to those of C. 

sinensis. In addition, phenolic acids, including β- 

glucogallin (βG), gallic acid (GA) and theogallin (Gd), 

were not found in leaves of C. oleifera. 

 

Table 3 Contents (μmol g
–1

 FW) of flavan-3-ols, phenolic acids in leaves of 

Camellia  

Compounds C. sinensis Grafted C. oleifera 

Epi-catechin (EC)  9.92±0.89 11.22±0.51 - 

Catechin (C) 5.26±0.56 1.01±0.13 4.54±0.01 

Gallocatechin (GC) - - 2.69±0.01 

Epi-gallocatechin (EGC) 28.40 ±3.19 33.02 ±1.61 4.84±0.08 

Epi-catechin-3-gallate (ECG)  14.10 ±0.89 8.44±0.35 1.09±0.14 

Epi-gallocatechin- 

3-Gallate (EGCG) 

55.20 ±3.70 37.56 ±1.39  3.00±0.10 

β-Glucogallin (βG) 0.63±0.04 0.57±0.01 - 

Gallic acid (GA) 0.16±0.10 0.07±0.02 - 

Theogallin (Gd) 17.90 ±1.01 6.08±0.16 - 

 

3 Discussion 
 

Camellia sinensis and C. oleifera belong to 

Camellia but not in the same subgenus. Camellia 

sinensis is an evergreen, perennial cross-pollinated 

plant, belonging to the subgenus Thea, while C. 

oleifera belongs to subgenus Camellia. In our research, 

the grafted seedlings with C. sinensis „Shuchazao‟ as 

scions and wild oil tea (C. oleifera) in Dabieshan as 

stocks were cultivated. After morphology anatomy 

analysis, the leaves of grafted seedlings were more 

close to C. sinensis (the scions). Due to the thickness 

of palisade tissue and ratio of palisade tissue to 

spongy of grafted plant were higher than those of C. 

sinensis, it was indicated the grafted plant might be 

more adaptation to drought and high temperature 

environment than C. sinensis because of thick palisade 

tissue and unchanged spongy tissues derived from C. 

oleifera. The cuticle of leaf composed of unsaturated 

fatty acids has abilities of anti-diseases and anti-pests, 

reducing moisture evaporation, cold resistance, and so 

on
[26]

.  

After that, the contents of amino acids, purine 

alkaloids and polyphenols in leaves of grafted 

seedlings increased significantly compared with those 

of the stocks (C. oleifera), but they decreased 

obviously compared to the scions (C. sinensis). 

Among 18 free amino acids, theanine, the most 

abundant amino acid in tea leaves, is the most 

responsible for the specific flavor and taste of green 

tea
[23]

. Theanine content in C. sinensis leaves was 

more than twice in that of grafted leaves, while it was 

only trace amount in C. oleifera leaves. It was 

reported theanine is mainly synthesized in tea roots 

and then transported to shoots
[27]

. The theanine 

content decreased in grafted leaves probably due to 

the influence of the stocks (C. oleifera). And it was 

reported theanine is synthesized from glutamic acid 

and ethylamine by theanine synthetase (EC 6.3.1.6)
[28]

, 

and ethylamine was produced from alanine in tea 

plants by alanine decarboxylase
[29]

. Low content of 

alanine in grafted leaves, might be another reason for 

less theanine biosynthesis in grafted tea seedlings. In 

the case of purine alkaloids, especially caffeine, it was 

decreased significantly in grafted leaves in 

comparison to the scions (C. sinensis). It was reported 

that caffeine biosynthesis existed in the young tea 

leaves, via a xanthosine→7-methyxanthosine→7- 

methylxanthine→theobromine→caffeine pathway. The 








