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Introduction 
Extractions from birch (Betula platyphylla suk.) have broad 

application potentials in medicine, cosmetics and health aspects [1-
6]. Its rind contains many different types of triterpenoid compounds, 
mainly betulin and betulinic acid of lupeol type, oleanolic acid of 
oleanane type and β-sitosterol of cycloartenol type [7-8]. 

Biosynthesis of secondary metabolites in plants is more complex 
compared with primary metabolism [9-13]. It is tightly regulated 
by cellular factors and easily influenced by environmental factors. 
The latter could regulate transcription of key enzymes involving 
secondary metabolism process, and subsequently change metabolic 
flux and reaction rate of secondary metabolic pathways, leading 
to enhanced production of secondary metabolites [14-17]. Methyl 
jasmonate (MeJA) and salicylic acid (SA) are naturally occurring plant 
compounds and could regulate several plant physiological processes in 
response to pathogen attack, wounding, and ozone [18-21]. Exogenous 
application of MeJA and SA triggers defense responses that resemble 
those initiated by pathogen and also modulates the production of 
certain secondary metabolites in a variety of plant species by inducing 
transcription of genes important to secondary metabolism process 
and promoting synthesis of enzymes responsible to production of 
many plant secondary metabolites such as paclitaxel, camptothecin, 
isoflavone, ginseng saponin, silymarin trans-resveratrol, among others 

[21-27]. Many studies have confirmed that MeJA and SA can promote 
the accumulation of a variety of plant secondary metabolites, but the 
physiological and molecular mechanisms that MeJA and SA induce 
secondary metabolism products are not completely clear. In this paper, 
we systematically studied the effects of MeJA and SA on the synthesis 
of photosynthesis products, activity of antioxidant enzymes, and 
expression of genes key to triterpenoid synthetic pathways in birch. 

Materials 
Plant materials 

The experiments were conducted in Maoershan Experimental Base 
of Northeast Forestry University (Haerbin, China) in July and August, 
2011. Three-year-old white birch (Betula platyphylla suk.) seedlings 
were planted in plastic pots with diameter of 25 cm and height of 35 
cm, containing 10 kg of soil mixed with peat, nursery soil : turfy soil 
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Abstract
The pentacyclic triterpenoids from birch (Betula platyphylla suk) have broad pharmacological activities and can 

be potentially used for the development of anti-cancer and anti-AIDS drugs. In this study, we explored the effects 
of spraying 3-year old white birch with different concentration of methyl jasmonate (MeJA) and salicylic acid (SA) 
on the expression of key genes in triterpenoid biosynthesis pathways and on the accumulation and physiological 
characteristics of triterpenoids in birch saplings. The results show that, spraying different concentration of MeJA 
and SA could obviously promote accumulation of total triterpenoids in 3-year old white birch. The triterpenoid 
content in the stem bark was significantly increased after 1d of treatment with 1 mmol·L-1 MeJA (MJ2) and after 
14 d of treatment with 5 mmol·L-1 SA(SA1), triterpenoid contents of MJ2 and SA1 reaching 81.86 mg/g and 91.40 
mg/g, increased by 46.11% and by 45.07% compare control(CK), respectively. In addition, MeJA and SA treatment 
increased the contents of chlorophyll a and b, antioxidant enzymes superoxide dismutase (SOD), peroxidase (POD) 
and catalase (CAT), and photosynthetic performance, and affected the content of soluble sugar and soluble protein in 
birch leaf. Fluorescence quantitative polymerase chain reaction (qPCR) results showed that MeJA and SA treatment 
deferentially enhanced the expression of key genes farnesyl diphosphate synthase (FPS), cycloartenol synthase 
(BPX and BPX2), lupeol synthase (BPW) and beta-amyrin synthase (BPY) in triterpenoid synthesis pathway in birch 
bark and leaves. The results showed that MeJA and SA induced triterpenoid synthesis of birch plant is closely related 
with not only the expression of key genes of triterpenoid synthesis pathway but also photosynthesis, anti-stress 
response and physiological indexes, suggesting regulation of triterpenoid synthesis of birch by MeJA and SA may 
involve in more complex mechanisms at physiological and molecular level.
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:sand at ratio of 2:1:1 (V/V/V) under conventional management with 
same watering quantity for each pot.

Methods 
MeJA and SA treatment 

Seedlings with consistent growth were chosen for MeJA and SA 
treatment. Jasmonic acid (MeJA) and salicylic acid (SA) (Sigma; St. 
Louis) were dissolved in 95% ethanol as stock solution and then diluted 
with distilled water desired concentration with approximately 0.5% 
ethanol. Seedlings were assigned into 5 groups, MJ1, MJ2, SA1, SA2 
and CK, and sprayed per seedling with 100 ml of 0.5 mmol·L-1 MeJA, 
1 mmol·L-1 MeJA, 5 mmol·L-1 SA, 50 mmol·L-1 SA or 0.5% ethanol 
aqueous solution as control, respectively, under the same conditions. 
The pots were placed in a sealed plastic greenhouse and cultivated for 
2 d until MeJA or SA were absorbed and then transferred to outdoor. 
Samples were collected at 0 h, 6 h, 12 h, 1 d, 2 d, 3 d, 5 d, 7 d, 14 d and 28 
d of post treatment. Each treatment was repeated with 3 plants and total 
triterpenoid content in stem bark and leaves were detected.

Determination of photosynthetic indexes

The photosynthetic gas exchange parameters were measured 
with a Li-6400 Portable Photosynthetic System (Li-6400, Li-Cor, 
Lincoln, NE, USA) at different time of post MeJA and SA treatment. 
Net photosynthetic rate (Pn), transpiration rate (Tr), and stomatal 
conductance (Gs) of built-in leaf area of 1.5 cm2 were measured at 
conditions of CO2 concentration of 500 μmol·s-1 (controlled using 
a built-in Li-Cor 6400 CO2 controller), and irradiance of 1000 μmol 
m−2s−1 (provided by a built-in red LED light source) between 9:30am 
and 11:30am on cloud-free days. Ten leaves in middle of each of 
the 3 repeats were measured and detected photosynthesis index of, 
calculating the average value. 

Determination of chlorophyll content 

Chlorophyll a and chlorophyll b were determined 
spectrophotometrically according to the methods reported previously 
[28]. The leaves were extracted with 85% (v/v) acetone aqueous solution 
and centrifuged at 4000 rpm for 10 min to collect the supernatants. After 
suitable dilution, its absorption at 452.5nm, 644nm and 663 nm was 
measured using a Beckman Coulter DU® 520 UV-vis spectrophotometer 
(USA) and the contents of chlorophyll a and chlorophyll b were 
measured as described previously [28].

Enzyme activity assay 

The birch leaves (0.50 g) were homogenized in 5 ml of phosphate 
buffer (50 mM, pH 7.8) containing 2% PVPP and 0.2 mM EDTA. The 
extracts were then centrifuged at 10,000 rpm for 15 min at 4ºC, and 
the supernatant was used to determine the activity of super-oxide 
dismutase (SOD) and peroxidase (POD) according to the methods of 
Lu et al. [29] and the activity of catalase (CAT) as reported previously 
by Hong et al. [30].

Malondialdehyde (MDA) content assay 

The content of MDA was determined using thiobarbituric acid 
(TBA) assay [31] with slight modification. Leaf samples (0.50 g) were 
homogenized in 5.0 ml of 5% (w/v) trichloroacetic acid (TCA) and 
centrifuged at 8000 rpm for 30 min. The supernatant was mixed with 2.0 
ml of 0.67% TBA, heated at 100ºC for 30 min and then quickly cooled 
down on ice. After centrifugation at 3000 rpm for 15 min, absorbance 
of the supernatant was measured at 450, 532 and 600 nm, respectively.

Contents of soluble sugar and soluble protein assay

Soluble carbohydrate content was measured using throne sulfuric 
acid reagent as previously reported [32]. Soluble protein content was 
determined using Bradford method [33].

Determination triterpenoid content

Triterpenoid contents were measured using the method described 
by Li [34] with slight modification. In brief, dry samples (0.050 g) were 
homogenized and soaked in 5.0 ml of 95% (V/V) alcohol for 24h. After 
sonicated at 70 kHz for 40 min, samples were incubated at 70ºC for 1 
h in a water bath and then at room temperature for 10 min to extract 
triterpenoid. A total of 100 μL extracts were dried by evaporating at 
70ºC and re-dissolved in 200 μL of 5% vanillin-acetic acid solution. 
After mixed with 800 μL of perchloric acid and incubated at 70ºC for 
15 min, the solution was cooled to room temperature in a water bath 
and diluted with ethyl acetate to 5 mL. The content of triterpenoid was 
measured as absorption value at 551 nm. Reagents without sample was 
used as blank. 

Rreal-time quantitative PCR (qPCR) 

Total RNA was extracted using CTAB method as described by 
Chang et al. [35]. After treated with RNase-free DNase I (TaKaRa, 
Japan), 500 ng RNA was reverse transcribed into cDNA using TaKaRa 
PrimeScriptTM 1st Strand cDNA Synthesis kit, and expression of genes 
FPS [36], BPX, BPX2, BPY and BPW was measured using qPCR Master 
Mix-Plus-kit (QPK-212T, TOYOBO) as described previously [37] using 
housekeeping ß-tubulin (Tu) and ubiquitin (UbQ) genes as the internal 
controls. Data analysis was performed as described previously [36].

The statistical analysis

The DPS7.50 software and Duncan’s method for different between 
treatment significant variance analysis.

Results

The effect of MeJA and SA treatment on photosynthetic 
characteristics of birch 

The net photosynthetic rate (Pn) refers to the rate of photosynthesis 
to produce sugars and could directly reflect the ability of matter 
production per unit leaf area. In theory, it can be used as a reliable 
index to measure the level of plant biomass production. The stomatal 
conductance (Gs) reflects stomatal opening degree and could 
directly affect plant photosynthesis, respiration and transpiration. 
The transpiration rate (Tr) refers to the amount of H2O lost during 
transpiration per leaf area unit in a certain period and is an important 
index for quantification of transpiration.

Leaf Pn increased gradually with time of posttreatment, except that 
at 28 d of post-treatment in MJ1 group. In addition, leaf Pn was higher 
in all treatment groups at 1 d, 7 d and 14 d of post-treatment with MeJA 
than that of the control group (CK) in the order of MJ1 >MJ2 >CK. Leaf 
Gs shows a trend of first decrease, then increase, and decrease again. At 
14 d of post MeJA treatment, Gs in the treatment group were higher than 
that of the control. Tr showed a trend of first decrease, then increase, 
and decrease again, similar to that of Gs in MeJA treatment group. 
Overall, the results indicate that MeJA treatment could significantly 
impact Pn, Gs and Tr in birch leaf, and Pn, Gs and Tr in the 14d were 
higher than of the control, and the low concentration was have more 
advantage (Figure 1).
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dependent manner. The amount of chlorophyll a and b reached their 
maximum of 1.66 mg/g and 0.6 mg/g at 28 d of post-MeJA treatment, 
which was 1.8-fold and 2-fold of the control. Similarly, SA treatment 
significantly increased the amount of chlorophyll a and b in birch leaf at 
14d and 28 d of post-treatment. In addition, SA treatment significantly 
decreased the ratio of chlorophyll a to chlorophyll b compared with 
that of the control and MeJA treatment only decreased the ratio of 
chlorophyll a to chlorophyll b at 5d and 28d of post treatment.

The effects of MeJA and SA treatment on the antioxidant 
enzymes and lipid of birch

SOD activity showed a trend of first increase, then decrease, and 

Leaf Pn increased with different SA treatment, that was 2.19-fold 
of control in SA2 group at 7 d of post treatment. Gs and Tr showed 
similar trends of first increase then decrease and increase again with 
treatment time, reaching the highest at the beginning of SA treatment 
in SA1 group, But Gs and Tr reached the highest at 7 d and 14 d of SA 
treatment, show that SA treatment was conducive to increase of leaf 
transpiration (Figure 1).

The effects of MeJA and SA treatment on chlorophyll content 
in birch leaves

High concentration MeJA treatment increased the content of 
chlorophyll a and b in birch leaf (Figure 2) at late stages in a dose 

20

15

10

5

0

20

15

10

5

0

0.05
0.04
0.03
0.02
0.01
0.00

2.5
2.0
1.5
1.0
0.5
0.0

1d     5d       7d     14d   28d

1d     5d       7d     14d   28d 1d     5d       7d     14d   28d 1d      5d       7d       14d     28d

1d     5d       7d     14d   28d 1d       5d       7d      14d    28d

0.04

0.03

0.02

0.01

0.00

CK

2.0

1.5

1.0

0.5

0.0T
n(

m
ol

H
2O

.m
ol

m
-2
.s

-1
)

P
n(

um
oI

C
O

2.m
-2

. s-1
)

G
s(

m
ol

H
2O

m
ol

.m
-2

. s-1
)

P
n(

um
oI

C
O

2.m
-2

. s-1
)

G
s(

m
ol

H
2O

m
ol

.m
-2

. s-1
)

T
n(

m
m

ol
H

2O
.m

-2
.s

-1
)

CKCK

SA1 SA2 CK SA1 SA2 CK SA1 SA2

CKMJ1MJ1 MJ1MJ2 MJ2 MJ2

Figure 1: The effects of MeJA and SA treatment on the Pn, Gs and Tr of birch.
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Figure 2: The effects of MeJA and SA treatment on the contents of chlorophyll a and b as well as their ratio in birch leaves.
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increase again with time. Compared with the control, SOD activity was 
higher at 12 h and 5 d of post MeJA treatment but lower at 1~2d and 14-
28d of post MeJA treatment. POD activity was significantly enhanced 
at 2d and 7d of post MeJA treatment at higher concentration compared 
with that of the control, reaching maximum fold of 2.76 at 2 d of 
post treatment, but decreased at other time points. CAT activity was 
enhanced at 6-12 h of post MeJA treatment, but decreased at 1-5 days 
of post treatment and then increased again at 14-28 d of post treatment 
compared with control (Figure 3).

SOD activity showed a trend of first decreased, then increase, 
decrease again and increase again with time. At 1~3d of post SA 
treatment, SOD activity was lower than that of CK, shown as 
CK>SA2>SA1. At 14-28 d of post treatment, SOD activity increased in 
SA2 group, but decrease in SA1 group compared with that of CK. POD 
activity did not change at 6-12 h of post SA treatment, but increased 
significantly at 2-5 d of post SA2 treatment, then decreased at 7 d of 
post SA treatment and increased again at 14-28d of post SA treatment 
CAT activity showed a trend of first increase then decrease with time 
and was in the order of SA2>SA1>CK at the 28d of post treatment. 
Although SA treatment could affect the activity of these three protective 
enzymes, their trends differed significantly: POD activity reached 
the highest at 2-7 d of post treatment with SA at high concentration, 
while CAT activity was significantly enhanced at 14~28 d of post SA 
treatment. Visibly, MeJA and SA treatment altered the activity of all the 
three protective enzymes and theses changes may be coordinated to 

each other and related to cell membrane protection in birch leaves and 
accumulated tolerance to stresses (Figure 3).

The MDA accumulation showed two peaks at 1 d and 14 d of post 
treatment with MeJA and SA indicating that oxidation of membrane 
lipids by reactive oxygen species occurred at the early and middle stages 
of post treatment with MeJA and SA. Especially, MDA content at 1 d 
of post SA treatment reached 2-fold of that of control (Figure 4). We 
speculate that MeJA and SA treatment could result cell membrane 
damage in leaf at early stage, at which the activity of protective enzymes 
was not high enough to eliminate clean reactive oxygen species, thus 
leading to rapid MDA accumulation. After that, with the increase of 
protective enzymes activity, MDA accumulation decreased.

Effects of MeJA and SA on accumulation of soluble sugar and 
soluble protein content in birch saplings 

Soluble sugar content showed a trend of first decrease then slowly 
increases and decrease again after MeJA treatment. Soluble sugar content 
was decreased significantly (MJ2<MJ1<CK) with MeJA concentration 
increasing at 6-12 h of post MeJA treatment; then increased compared 
to the control at 3~7d of post MeJA treatment and decreased again 
compare with the control at 14~28 d of post MeJA treatment (Figure 
5). By contrast, soluble sugar content showed a trend of first decrease 
then increase after SA treatment. Soluble sugar content was decreased 
significantly at 6~12h of post SA treatment (SA1<SA2<CK) and then 
significantly increased compared with control after 24 h of post SA 
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treatment (SA1>SA2>CK), indicating that SA treatment at both low 
and high concentrations was conducive to soluble sugar accumulation 
at middle and late stage of post SA treatment (Figure 5). Overall, the 
results indicated that soluble sugar in birch leaves was higher than 
that of CK after 3~7 d of post MeJA and SA treatment, which laid a 
foundation for regulating cell permeability and provided carbon source 
framework for secondary metabolite synthesis.

The soluble protein content was higher than that of the CK at 6h, 
5d, 7d and 28d of post MeJA treatment, reaching maximum of 1.16 
mg/g (which was 1.35-fold of the control) at 5 d of post MJ1 and after 
3d of post SA treatment, reaching its peak at 5d of post SA treatment 
with the order of SA2>SA1>CK (Figure 6).

Effects of MeJA and SA on expression of key genes of triterpene 
synthesis pathway in birch saplings 

Quantitative PCR results showed that key genes FPS, BPX, BPX2, 
BPY and BPW of triterpene synthesis pathway responded differently 
to MeJA and SA treatments, and showed different trend in birch leaves 
and bark. FPS in leaf and FPS, BPX2, BPY and BPW in bark were up-
regulated at 1d of post MeJA treatment, which was more obvious in at 
1~7d of MJ2 group compared with that of MJ1 and CK group. In birch 
leaf, expression of BPX, BPX2, BPY and BPW was upregulated at 12 
h of post MeJA treatment, but decreased at 7d and 14d of post MeJA 
treatment (Figure 7). Meanwhile, expression of BPX in stem bark was 
significantly decreased at 7d~14d of post MeJA treatment (Figure 8).
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Figure 5: The effects of MeJA and SA treatment on accumulation of soluble sugars in birch saplings.
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Figure 7: The effects of MeJA treatment on expression of FPS, BPX, BPX2, BPY and BPW genes in leaves of birch saplings.
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Expression of BPX, BPX2 and BPY gene in birch leaves was up-
regulated at 12 h of post SA treatment, but expression of BPW was 
decreased at all-time points of post SA treatment (Figure 9). Expression 
of FPS, BPX2, BPY and BPW in birch bark was significantly up- 
regulated at 7d and 14d of post SA treatment, but expression of BPX 
was inhibited significantly at 1d~14d of post SA treatment (Figure 10).

Effects of MeJA and SA treatment on triterpenoid 
accumulation in white birch

Triterpenoid content in birch leaves was enhanced by 31.50% at 5 
d of post MeJA treatment, reaching the peak of 107.27 mg/g (Figure 
11A), and still higher than the control at 14d and 28d of post MeJA 

treatment with the order of MJ2>MJ1>CK. At 28 d of post treatment 
with MeJA at high concentration, triterpenoid content was up to 101.57 
mg/g, increased by 53.2% compared with that of the control. Similarly, 
triterpenoid content in birch leaves was enhanced at 1 d and 5 d of post 
treatment with high concentration of SA, although at lower degree than 
that of MeJA treatment (Figure 11C).

Triterpene content in birch bark was increased at 1 d and 5 d of 
post MeJA treatment, reaching 81.86 mg/g at 1 d of post treatment 
with high MeJA concentration, which was 46.11% more than that of 
the control. In addition, triterpene content in birch bark also increased 
at 28 d of post MeJA treatment (Figure 11B). Furthermore, triterpene 
accumulation of stem bark was enhanced at 1d, 5 d and 14 d of post SA 
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Figure 8: The effects of MeJA treatment on expression of FPS, BPX, BPX2, BPY and BPW genes in bark of of birch saplings.
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treatment, reaching its peak of 91.4mg/g at 14 d of post treatment with 
SA at lower concentration, which was 45.07% more than that of the 
control (Figure 11D).

The above results showed that low concentration of MeJA treatment 
was favor to triterpene accumulation in birch leaves at early days of 
post treatment, while high concentrations of MeJA treatment was 
more conducive to triterpene accumulation in birch bark and low 
concentration of SA treatment was favor to triterpene accumulation in 
birch bark at early days of post treatment while high concentration of 
SA could significant promote triterpene accumulation in birch leaves at 
early days of post treatment.

Discussions
Photosynthesis is the key of plant material transformation 

and energy metabolism. Pn, Gs and Tr were important indexes of 
photosynthesis reactions of plants. Reportedly, MeJA could inhibit 
photosynthetic function. Treatment of seedlings with MeJA alone 
resulted in decreased levels of Chl, photosynthesis and Tr. Pre-treatment 
of seedlings with MeJA fully blocked the inhibitory effect of paraquat 
(Pq) on photosynthesis and provided protection against subsequent 
Pq induced oxidative damage [38]. Ritsema et al demonstrated that 
MeJA and SA mediate differential phosphorylation of substrates for 
many kinase families of Arabidopsis thaliana and some plant specific 
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Figure 10: The effects of SA treatment on expression of FPS, BPX, BPX2, BPY and BPW genes in bark of birch saplings. 
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substrates including peptides derived from phytochrome A, and 
photosystem II D protein. MeJA and SA mediate cross-talks between 
defense signaling and light responses and act in a synergistic fashion 
via two (partially) divergent signaling routes [39]. Bilgin showed that 
though MeJA treatment altered the transcript levels of various defence 
and ROS scavenging network genes, it did not have a strong effect 
on photosynthesis-related genes, suggesting that the involvement 
of MeJA might be more active and direct in defence signaling than 
photosynthesis-related reactions and ROS scavenging network [40]. 
Similar to ABA, MeJA induced stomatal closure is an important 
physiological process responding to cytoplasmic alkalization, ROS and 
NO in plants [41]. 

Antioxidants enzymes in plants and their coordination can 
effectively remove free radicals such as OH- and H2O2, and prevent 
membrane peroxidation, so as to protect cell membrane damage. SOD 
can remove O2-, and convert it into low active H2O2, which further 
reduced to H2O by POD and CAT. MeJA and SA can improve activity 
of these protective enzymes in various plants, therefore clearing 
ROS, protecting cell membrane and improving resistance of plants 
to diseases, drought and cold [42-45]. Involvement of calmodulin for 
transmission of defense signal by SA has been suggested. A metabolic 
reprogramming leading to enhanced synthesis of proteins involved 
in primary and secondary metabolisms is necessary for SA mediated 
resistance to MYMIV. Enhanced expression of proteins involved in 
photosynthetic process could restore virus-induced degradation of 
the photosynthetic apparatus and provides more metabolites required 
for repartition of resources towards defense [43]. Our results show 
that MeJA and SA treatment significantly affected Gs Pn and Tr in 
birch leaves. Treatment with MeJA at low concentration significantly 
increased Pn, but inhibited Gs and Tr (Figure 1). Treatment with SA 
at different concentrations increased Pn. Treatment with SA at ow 
concentration enhanced Gs and Tr at the early stage, while at high 
concentration had little effect compared with the control; Treatment 
with SA at high concentration increased Gs and Tr at 7d and 14d of 
post treatment. Treatment with SA decreased Gs and Tr at 28 d of post 
treatment (Figure 2). MeJA and SA treatment could obviously increase 
the contents of chlorophyll a and b at 14d and 28d of post treatment 
(Figure 3 and 4). In addition, MeJA and SA treatment significantly 
altered SOD, POD and CAT activity in birch leaves, showing different 
degree with different concentration at different time (Figure 5 and 6). 
For example, MeJA treatment significantly enhanced POD activity at 
12 h of post treatment, SOD activity at 2d and 7d of post treatment, 
and CAT activity at 14d and 28d of post treatment, compared with 
control. The results suggested that MeJA and SA could initiate birch 
defense system, and coordinate with SOD, POD and CAT to improve 
its stress resistance, regulate its photosynthesis and affect its secondary 
metabolite accumulation. 

As the main infiltration regulator of many plants and energy 
sources of carbon frame for synthesizing other organic solutes, they 
also could stabilize cell membrane and protoplasmic colloid and protect 
intracellular protective enzymes at high concentration of inorganic ions 
[44,45]. Suárez-González reported that SA, MeJA and other elicitors 
could increase fructo-oligosaccharide accumulation concomitant 
with enhanced expression of fructan biosynthetic genes in Agave 
[43]. Changes in proteins expression can partly represent primary 
metabolism level of plants. In addition, stresses such as low temperature 
and drought could affect soluble protein content. Plants produce some 
special secondary metabolites through a series of enzyme catalysis using 
primary metabolites as raw materials. Most of the soluble proteins in 
plants are enzymes involved in various metabolic pathways and their 

contents may be related to the amount of the secondary metabolites of 
plants [44]. In this study, the level of soluble sugars in birch leaves was 
higher than that of the control after MeJA treatment and at 3~7d of 
post SA treatment (Figure 8), which laid the foundation for regulating 
cell permeability and provided carbon source for synthesis framework 
of secondary metabolites. At 6h, 5d, 7d and 28d of post MeJA or SA 
treatment, soluble protein contents were higher than that of the control, 
especially at 5 d of post treatment with MeJA at low concentration and 
with SA at high concentration (Figure 9). Overall, MeJA and SA treatment 
could influence the primary metabolism in birch leaves an important 
feature of the terpenoid secondary metabolism is tissue-specific and 
closely related to the location of the enzymes key their production [46-
51]. Birch terpenoids are mainly produced in the cytosol using acetyl 
CoA as the initial precursor through MVA pathway synthesis. The 
synthesis process of terpenoids in birch consists of a series of enzymes 
(HMGR, GPS, FPS, OSCs) and their expression characteristic could 
affect the synthesis of terpenoids and their precursors. Research has 
shown that MeJA and SA treatment could affect a variety of secondary 
metabolites such as paclitaxel, camptothecin, isoflavone and saponin 
in cultured cells and induce the expression of the key enzymes for 
their synthesis. Meanwhile, MeJA and SA treatment could promote 
the synthesis of monoterpenes and sesquiterpenes in spruce, pine, 
coconut, cherry tomatoes, and Citrus unshiu Marcprolong at the anti-
staling period [52-56]. MeJA and SA have a positive role in promoting 
the accumulation of squalene and LUS, the precursors of terpenoids 
biosynthesis and inducing β-AS mRNA expression and soybean 
saponin synthetase in cultured cells of licorice (Glycyrrhiza glabra) 
[48]. Overexpression of genes involved in triterpene biosynthesis may 
be expected to increase the total amount of withanolides in W.somnifera 
[55]. Our study examined the expression of genes key to the terpenoids 
synthesis in birch and found that treatment of MeJA and SA at different 
concentration has different impacts on the expression of FPS, BPX, 
BPX2, BPY and BPW genes in birch bark and leaves (Figure 10 and 13 
At 1 d of post MeJA treatment, the expression of FPS in birch leaves and 
FPS, BPX2, BPY and BPW in birch bark started to increase, and this 
increase was more obvious at 1~7d of post treatment with MeJA at high 
concentration that with low concentration. This is possibly the cause for 
rapid accumulation of terpenoids in bark after treatment with MeJA at 
high concentration (Figure 11B). BPX, BPX2, BPY and BPW genes were 
up-regulated in birch leaves at 12 h of post MeJA treatment, but down-
regulated at 7d and 14d of post MeJA treatment, which agrees with 
the general accumulation trend of terpenoids in leaves. In addition, 
BPX expression in birch bark was significantly inhibited at 7d~14d of 
post MeJA treatment (Figure 11), which may determine the dynamic 
changes of terpenoids accumulation in birch bark and leaves.

The above analyses showed that the synthesis and accumulation 
of terpenoids in birch induced by MeJA and SA not only depend on 
the expression of genes key to terpenoids biosynthesis but also are 
closely related to the physiological levels of photosynthesis, anti-stress 
enzymes, soluble proteins and soluble sugars, suggesting that synthesis 
of secondary metabolic products in birch and metabolism network 
are very complex. Previous researches have shown that distribution 
of terpenoids components in birch is obviously tissue specific, 
with high betulin content in the bark and abundant Marana in the 
leaves [37,56]. In this study, we only examined the total triterpenoid 
contents in birch. The distribution of its components such as betulin, 
oleanolic acid, cholesterol and others in birch bark and leaves as well 
as their relationship to transport, metabolism and synthesis pattern of 
genes BPY, BPW and BPX need to be further explored and discussed 
in depth. 



Citation: J YIN,CX LI, HR SUN, ZH WANG, JL XIAO, YG ZHAN, et al. (2014) The Physiological Characteristics, Expression of Oxidosqualene Cyclase 
Genes and Accumulation of Triterpenoids in White Birch (Betula platyphylla suk) Saplings by Sa and Meja Treatment. J Plant Biochem 
Physiol 2: 129. doi:10.4172/2329-9029.1000129

Page 9 of 10

Volume 2 • Issue 2 • 1000129
J Plant Biochem Physiol
ISSN: 2329-9029 JPBP, an open access journal

Acknowledgments 

We thank Peng Hong-Mei and Yang Yuan-Biao of Maoershan Experimental 
Forestry Center for greenhouse management of Northeast Forestry University, 
Harbin, China. This work was supported by Natural Science Foundation 
of Heilongjiang Province(C201110), Natural Science Foundation of China 
(31070531,31200428), and Youth Innovate Foundation Grant of Haerbin 
city(2012RFQXN007).

References

1. Fujioka T, Kashiwada Y, Kilkuskie RE, Cosentino LM, Ballas LM, et al. (1994) 
Anti-AIDS agents, 11. Betulinic acid and platanic acid as anti-HIV principles 
from Syzigium claviflorum, and the anti-HIV activity of structurally related 
triterpenoids. J Nat Prod 57: 243-247.

2. Pisha E, Chai H, Lee IS, Chagwedera TE, Farnsworth NR, et al. (1995) 
Discovery of betulinic acid as a selective inhibitor of human melanoma that 
functions by induction of apoptosis. Nat Med 1: 1046-1051.

3. Huang L, Ho P, Lee KH, Chen CH (2006) Synthesis and anti-HIV activity of bi-
functional betulinic acid derivatives. Bioorg Med Chem 14: 2279-2289.

4. Falamas A, Cinta S, Pinzaru Dehelean CA, Peevb C I, Soica C (2011) Betulin 
and its natural resource as potential anticancer drug candidate seen by FT-
Raman and FT-IR spectroscopy. J Raman Spectrosc 42: 97-107.

5. Yoshiki K, Michiko S, Kimihisa Y, Yasumasa I, Toshihiro F, et al. (2007) 
Triterpenoids from the floral spikes of Betula platyphylla var. japonica and their 
reversing activity against multidrug-resistant cancer cells. J Nat Prod 70:623-
627.

6. Mukherjee R, Kumar V, Srivastava SK, Agarwal SK, Burman AC (2006) 
Betulinic acid derivatives as anticancer agents: structure activity relationship. 
Anticancer Agents Med Chem 6: 271-279.

7. Zhang H, Shibuya M, Yokota S, Ebizuka Y (2003) Oxidosqualene cyclases from 
cell suspension cultures of Betula platyphylla var. japonica: molecular evolution 
of oxidosqualene cyclases in higher plants. Biol Pharm Bull 26: 642-650.

8. Jäger S, Laszczyk MN, Scheffler A (2008) A preliminary pharmacokinetic study 
of betulin, the main pentacyclic triterpene from extract of outer bark of birch 
(Betulae alba cortex). Molecules 13: 3224-3235.

9. Liu Z (2000) Drought induced in vivo synthesis of camptothecin in Camptotheca 
acuminate seedlings. Physiol Plantarum 110:483-488.

10. Eclan JM, Pezeshki SR (2002) Effects of flooding on susceptibility of Taxodium 
distichum L.seedlings to drought.Photosynthetica 40: 177-182.

11. Fritz C, Palacios-Rojas N, Feil R, Stitt M (2006) Regulation of secondary 
metabolism by the carbon-nitrogen status in tobacco: nitrate inhibits large 
sectors of phenylpropanoid metabolism. Plant J 46: 533-548.

12. Dario S, Ian G, Rod J (2010) Minimal nitrogen and water use in horticulture: 
Effects on qualityand content of selected nutrients. Food Research International. 
43: 1833-1843. 

13. Zhao J, Davis LC, Verpoorte R (2005) Elicitor signal transduction leading to 
production of plant secondary metabolites. Biotechnol Adv 23: 283-333.

14. Chen LR, Chen YJ, Lee CY, Lin TY (2007) MeJA-induced transcriptional 
changes in adventitious roots of Bupleurum kaoi. Plant science 173: 12-24. 

15. Rubio-Wilhelmi Mdel M, Sanchez-Rodriguez E, Leyva R, Blasco B, Romero 
L, et al. (2012) Response of carbon and nitrogen-rich metabolites to nitrogen 
deficiency in PSARK::IPT tobacco plants. Plant Physiol Biochem 57: 231-237.

16. Cheng X, Chen W, Zhou Z, Liu J, Wang H (2013) Functional characterization 
of a novel tropinone reductase-like gene in Dendrobium nobile Lindl. J Plant 
Physiol 170: 958-964.

17. Dequan Sun, Xinhua Lu, Yulin Hu, Weiming Li, Keqian Hong, et al. (2013) 
Methyl jasmonate induced defense responses increase resistance to Fusarium 
oxysporum f. sp. cubense race 4 in banana. Scientia Horticulturae 164: 484-
491. 

18. Sun D, Lu X, Hu Y, Li W, Hong K, (2013) Methyl jasmonate induced defense 
responses increase resistance to Fusarium oxysporum f. sp. cubense race 4 in 
banana. Scientia Horticulturae 164: 484-491. 

19. Mai VC, Drzewiecka K, JeleÅ„ H, NaroÅna D, RuciÅ„ska-Sobkowiak R, et al. 
(2014) Differential induction of Pisum sativum defense signaling molecules in 
response to pea aphid infestation. Plant Sci 221-222: 1-12.

20. Gharechahi J, Khalili M, Hasanloo T, Salekdeh GH (2013) An integrated 
proteomic approach to decipher the effect of methyl jasmonate elicitation on 
the proteome of Silybum marianum L. hairy roots. Plant Physiol Biochem 70: 
115-122.

21. Bhat WW, Lattoo SK, Razdan S, Dhar N, Rana S, et al. (2012) Molecular 
cloning, bacterial expression and promoter analysis of squalene synthase from 
Withania somnifera (L.) Dunal. Gene 499: 25-36.

22. Pérez-Balibrea S, Moreno DA, García-Viguera C (2011) Improving the 
phytochemical composition of broccoli sprouts by elicitation. Food Chemistry 
129: 35-44. 

23. Singh H, Gahlan P, Kumar S (2013) Cloning and expression analysis of ten 
genes associated with picrosides biosynthesis in Picrorhiza kurrooa. Gene 515: 
320-328.

24. Singh H, Gahlan P, Kumar S (2013) Cloning and expression analysis of ten 
genes associated with picrosides biosynthesis in Picrorhiza kurrooa. Gene 515: 
320-328.

25. De Costa F, Yendo ACA, Fleck JD, Gosmann G, Fett-Neto AG, et al. (2013) 
Accumulation of a bioactive triterpene saponin fraction of Quillaja brasiliensis 
leaves is associated with abiotic and biotic stresses. Plant Physiology and 
Biochemistry 66: 56-62. 

26. Kondo S, Setha S, Rudell DR, Buchanan DA (2005) Aroma volatile biosynthesis 
in apples affected by 1-MCP and methyl jasmonate. Mattheis Postharvest 
Biology and Technology. 36: 61-68. 

27. Hayashi H, Huang P, Takada S, Obinata M, Inoue K, et al. (2004) Differential 
expression of three oxidosqualene cyclase mRNAs in Glycyrrhiza glabra. Biol 
Pharm Bull 27: 1086-1092.

28. Jung S (2004) Effect of chlorophyll reduction in Arabidopsis thaliana by methyl 
jasmonate or norflurazon on antioxidant systems. Plant Physiol Biochem 42: 
225-231.

29. Lu XH, Sun DQ, Mo YW, Xi JG, Sun GM, et al. (2010) Effects of post-harvest 
salicylicacid treatment on fruit quality and anti-oxidant metabolism in pineapple 
duringcold storage. J. Hortic. Sci. Biotechnol. 85: 454-458.

30. Hong KQ, Xie JH, Zhang LB, Sun DQ, Gong DQ, et al (2012) Effects of chitosan 
coatingon postharvest life and quality of guava (Psidium guajava L.) fruit during 
coldstorage. Sci. Hortic 144: 172-178. 

31. Zhang WP, Jiang B, Li WG, Song H, Yu YS, et al.(2009) Polyamines 
enhancechilling tolerance of cucumber (Cucumis sativus L.) through modulating 
antiox-idative system. Sci. Hortic 122: 200-208. 

32. Radwan DE, Fayez KA, Mahmoud SY, Hamad A, Lu G (2007) Physiological 
and metabolic changes of Cucurbita pepo leaves in response to zucchini yellow 
mosaic virus (ZYMV) infection and salicylic acid treatments. Plant Physiol 
Biochem 45: 480-489.

33. Bradford MM (1976) A rapid and sensitive method for the quantitation of 
microgram quantities of protein utilizing the principle of protein-dye binding. 
Anal Biochem 72: 248-254.

34. Li CX, Yin J, Zhan YG, Ren CL, Wang ZH (2012) Effects of Water,Nitrogen 
and Methyl Jasmonate Treatment on Triterpenes Accumulation in Birch (Betula 
platyphylla Suk.). Acta botanica boreali -occidentalia sinica 32:155-161. 

35. Chang S, Puryea J, Cairney J (1993) A simple and efficient method for isolating 
RNA from pine trees. Plant Mol. Biol. 11: 113-116. 

36. Livak KJ, Schmittgen TD (2001) Analysis of relative gene expression data using 
real-time quantitative PCR and the 2(-Delta Delta C(T)) Method. Methods 25: 
402-408.

37. Yin J, Ren CL, Zhan YG, Li CX, Xiao JL, et al. (2012) Distribution and expression 
characteristics of triterpenoids and OSC genes in white birch (Betula platyphylla 
suk.). Mol Biol Rep 39: 2321-2328.

38. Popova L, Ananieva E, Hristova V, Christov K, Georgieva K, et al. (2003) 
Salicylic acid and methyl jasmonate induced protection on photosynthesis to 
paraquat oxidative stress. Bulg. J. Plant Physiol. Special Issue: 133-152. 

39. Ritsema T, van Zanten M, Leon-Reyes A, Voesenek LA, Millenaar FF, et al. 
(2010) Kinome profiling reveals an interaction between jasmonate, salicylate 
and light control of hyponastic petiole growth in Arabidopsis thaliana. PloS one, 
5: e14255. 

40. Bilgin DD, Zavala JA, Zhu J, Clough SJ, Ort DR, et al. (2010) Biotic stress 
globally downregulates photosynthesis genes. Plant Cell Environ 33: 1597-
1613.

http://www.ncbi.nlm.nih.gov/pubmed/8176401
http://www.ncbi.nlm.nih.gov/pubmed/8176401
http://www.ncbi.nlm.nih.gov/pubmed/8176401
http://www.ncbi.nlm.nih.gov/pubmed/8176401
http://www.ncbi.nlm.nih.gov/pubmed/7489361
http://www.ncbi.nlm.nih.gov/pubmed/7489361
http://www.ncbi.nlm.nih.gov/pubmed/7489361
http://www.ncbi.nlm.nih.gov/pubmed/16314103
http://www.ncbi.nlm.nih.gov/pubmed/16314103
http://onlinelibrary.wiley.com/doi/10.1002/jrs.2658/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jrs.2658/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jrs.2658/abstract
http://www.ncbi.nlm.nih.gov/pubmed/17346076
http://www.ncbi.nlm.nih.gov/pubmed/17346076
http://www.ncbi.nlm.nih.gov/pubmed/17346076
http://www.ncbi.nlm.nih.gov/pubmed/17346076
http://www.ncbi.nlm.nih.gov/pubmed/16712455
http://www.ncbi.nlm.nih.gov/pubmed/16712455
http://www.ncbi.nlm.nih.gov/pubmed/16712455
http://www.ncbi.nlm.nih.gov/pubmed/12736505
http://www.ncbi.nlm.nih.gov/pubmed/12736505
http://www.ncbi.nlm.nih.gov/pubmed/12736505
http://www.ncbi.nlm.nih.gov/pubmed/19104487
http://www.ncbi.nlm.nih.gov/pubmed/19104487
http://www.ncbi.nlm.nih.gov/pubmed/19104487
http://onlinelibrary.wiley.com/doi/10.1111/j.1399-3054.2000.1100409.x/abstract?deniedAccessCustomisedMessage=&userIsAuthenticated=false
http://onlinelibrary.wiley.com/doi/10.1111/j.1399-3054.2000.1100409.x/abstract?deniedAccessCustomisedMessage=&userIsAuthenticated=false
http://link.springer.com/article/10.1023/A%3A1021381204684
http://link.springer.com/article/10.1023/A%3A1021381204684
http://www.ncbi.nlm.nih.gov/pubmed/16640592
http://www.ncbi.nlm.nih.gov/pubmed/16640592
http://www.ncbi.nlm.nih.gov/pubmed/16640592
http://www.sciencedirect.com/science/article/pii/S0963996910001262
http://www.sciencedirect.com/science/article/pii/S0963996910001262
http://www.sciencedirect.com/science/article/pii/S0963996910001262
http://www.ncbi.nlm.nih.gov/pubmed/15848039
http://www.ncbi.nlm.nih.gov/pubmed/15848039
http://www.sciencedirect.com/science/article/pii/S0168945207001045
http://www.sciencedirect.com/science/article/pii/S0168945207001045
http://www.ncbi.nlm.nih.gov/pubmed/22738868
http://www.ncbi.nlm.nih.gov/pubmed/22738868
http://www.ncbi.nlm.nih.gov/pubmed/22738868
http://www.ncbi.nlm.nih.gov/pubmed/23566874
http://www.ncbi.nlm.nih.gov/pubmed/23566874
http://www.ncbi.nlm.nih.gov/pubmed/23566874
http://www.sciencedirect.com/science/article/pii/S0304423813005359
http://www.sciencedirect.com/science/article/pii/S0304423813005359
http://www.sciencedirect.com/science/article/pii/S0304423813005359
http://www.sciencedirect.com/science/article/pii/S0304423813005359
http://www.sciencedirect.com/science/article/pii/S0304423813005359
http://www.sciencedirect.com/science/article/pii/S0304423813005359
http://www.sciencedirect.com/science/article/pii/S0304423813005359
http://www.ncbi.nlm.nih.gov/pubmed/24656330
http://www.ncbi.nlm.nih.gov/pubmed/24656330
http://www.ncbi.nlm.nih.gov/pubmed/24656330
http://www.ncbi.nlm.nih.gov/pubmed/23771036
http://www.ncbi.nlm.nih.gov/pubmed/23771036
http://www.ncbi.nlm.nih.gov/pubmed/23771036
http://www.ncbi.nlm.nih.gov/pubmed/23771036
http://www.ncbi.nlm.nih.gov/pubmed/22425978
http://www.ncbi.nlm.nih.gov/pubmed/22425978
http://www.ncbi.nlm.nih.gov/pubmed/22425978
http://www.sciencedirect.com/science/article/pii/S0308814611004304
http://www.sciencedirect.com/science/article/pii/S0308814611004304
http://www.sciencedirect.com/science/article/pii/S0308814611004304
http://www.ncbi.nlm.nih.gov/pubmed/23237774
http://www.ncbi.nlm.nih.gov/pubmed/23237774
http://www.ncbi.nlm.nih.gov/pubmed/23237774
http://www.ncbi.nlm.nih.gov/pubmed/23237774
http://www.ncbi.nlm.nih.gov/pubmed/23237774
http://www.ncbi.nlm.nih.gov/pubmed/23237774
http://www.sciencedirect.com/science/article/pii/S0981942813000442
http://www.sciencedirect.com/science/article/pii/S0981942813000442
http://www.sciencedirect.com/science/article/pii/S0981942813000442
http://www.sciencedirect.com/science/article/pii/S0981942813000442
http://www.sciencedirect.com/science/article/pii/S0925521404002649
http://www.sciencedirect.com/science/article/pii/S0925521404002649
http://www.sciencedirect.com/science/article/pii/S0925521404002649
http://www.ncbi.nlm.nih.gov/pubmed/15256745
http://www.ncbi.nlm.nih.gov/pubmed/15256745
http://www.ncbi.nlm.nih.gov/pubmed/15256745
http://www.ncbi.nlm.nih.gov/pubmed/15051046
http://www.ncbi.nlm.nih.gov/pubmed/15051046
http://www.ncbi.nlm.nih.gov/pubmed/15051046
http://www.jhortscib.org/Vol85/85_5/15.htm
http://www.jhortscib.org/Vol85/85_5/15.htm
http://www.jhortscib.org/Vol85/85_5/15.htm
http://www.sciencedirect.com/science/article/pii/S0304423812003214
http://www.sciencedirect.com/science/article/pii/S0304423812003214
http://www.sciencedirect.com/science/article/pii/S0304423812003214
http://www.sciencedirect.com/science/article/pii/S0304423809002623
http://www.sciencedirect.com/science/article/pii/S0304423809002623
http://www.sciencedirect.com/science/article/pii/S0304423809002623
http://www.ncbi.nlm.nih.gov/pubmed/17466528
http://www.ncbi.nlm.nih.gov/pubmed/17466528
http://www.ncbi.nlm.nih.gov/pubmed/17466528
http://www.ncbi.nlm.nih.gov/pubmed/17466528
http://www.ncbi.nlm.nih.gov/pubmed/942051
http://www.ncbi.nlm.nih.gov/pubmed/942051
http://www.ncbi.nlm.nih.gov/pubmed/942051
http://en.cnki.com.cn/Article_en/CJFDTOTAL-DNYX201201031.htm
http://en.cnki.com.cn/Article_en/CJFDTOTAL-DNYX201201031.htm
http://en.cnki.com.cn/Article_en/CJFDTOTAL-DNYX201201031.htm
http://link.springer.com/article/10.1007%2FBF02670468?LI=true
http://link.springer.com/article/10.1007%2FBF02670468?LI=true
http://www.ncbi.nlm.nih.gov/pubmed/11846609
http://www.ncbi.nlm.nih.gov/pubmed/11846609
http://www.ncbi.nlm.nih.gov/pubmed/11846609
http://www.ncbi.nlm.nih.gov/pubmed/21647548
http://www.ncbi.nlm.nih.gov/pubmed/21647548
http://www.ncbi.nlm.nih.gov/pubmed/21647548
http://www.bio21.bas.bg/ipp/gapbfiles/essa-03/03_essa_133-152.pdf?origin=publication_detail
http://www.bio21.bas.bg/ipp/gapbfiles/essa-03/03_essa_133-152.pdf?origin=publication_detail
http://www.bio21.bas.bg/ipp/gapbfiles/essa-03/03_essa_133-152.pdf?origin=publication_detail
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0014255
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0014255
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0014255
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0014255
http://www.ncbi.nlm.nih.gov/pubmed/20444224
http://www.ncbi.nlm.nih.gov/pubmed/20444224
http://www.ncbi.nlm.nih.gov/pubmed/20444224


Citation: J YIN,CX LI, HR SUN, ZH WANG, JL XIAO, YG ZHAN, et al. (2014) The Physiological Characteristics, Expression of Oxidosqualene Cyclase 
Genes and Accumulation of Triterpenoids in White Birch (Betula platyphylla suk) Saplings by Sa and Meja Treatment. J Plant Biochem 
Physiol 2: 129. doi:10.4172/2329-9029.1000129

Page 10 of 10

Volume 2 • Issue 2 • 1000129
J Plant Biochem Physiol
ISSN: 2329-9029 JPBP, an open access journal

41. Islam MM, Hossain MA, Jannat R, Munemasa S, Nakamura Y, et al. (2010)
Cytosolic alkalization and cytosolic calcium oscillation in Arabidopsis guard
cells response to ABA and MeJA. Plant Cell Physiol 51: 1721-1730.

42. Anjum SA, Wang L, Farooq M, Khan I, Xue L, et al. (2011) Methyl Jasmonate-
Induced Alteration in Lipid Peroxidation, Antioxidative Defence System and
Yield in Soybean Under Drought. Journal of Agronomy and Crop Science 197:
296-301. 

43. Nakashima J, Awano T, Takabe K, Fujita M, Saiki H, et al. (1997) Immunocyto
chemical localization of phenylalanine ammonia-lyase and cinnamyl alcohol
dehydrogenase in different tiating tracheary elements derived from Zinnia
mesophyll cells. Plant and Cell Physiology 38: 113-123. 

44. Sun D, Lu X, Hu Y, Li W, Hong K, et al. (2013) Methyl jasmonate induced
defense responses increase resistance to Fusarium oxysporum f. sp. cubense 
race 4 in banana. Scientia Horticulturae 164: 484-49. 

45. Kundu S, Chakraborty D, Pal A (2011) Proteomic analysis of salicylic acid
induced resistance to Mungbean Yellow Mosaic India Virus in Vigna mungo. J
Proteomics 74: 337-349.

46. Suárez-González EM, López MG, Délano-Frier JP, Gómez-Leyva JF (2014)
Expression of the 1-SST and 1-FFT genes and consequent fructan accumulation 
in Agave tequilana and A. inaequidens is differentially induced by diverse (a)
biotic-stress related elicitors. Journal of plant physiology 171: 359-372. 

47. Wang Y, Yang HF, Li SD (1994) Studies on chilling injury and cold hardiness of 
horti-cultural crops. Acta Horticulturae Sinica, 21: 239-244. 

48. Hayashi H, Huang P, Takada S, Obinata M, Inoue K, et al. (2004) Differential
expression of three oxidosqualene cyclase mRNAs in Glycyrrhiza glabra. Biol
Pharm Bull 27: 1086-1092.

49. Wang HB, Xiong J, Fang CX (2007) FQ-PCR Analysis on the Differential
Expression of the Key Enzyme Genes Involved in Isoprenoid Metabolic
Pathway in Allelopathic and Weak Allelopathic Rice Accessions (Oryza sativa
L.) under Nitrogen Stress Condition [J]. Acta Agronomica Sinica 33: 329-334. 

50. Cheng X, Chen W, Zhou Z, Liu J, Wang H (2013) Functional characterization
of a novel tropinone reductase-like gene in Dendrobium nobile Lindl. J Plant
Physiol 170: 958-964.

51. Il’inskaya LI, Goenburg EV, Chalenko GI, Ozeretskovskaya OL (1996)
Involvement of jasmonic acid in the induction of potato resistance to
Phytophthora infection. Rus. J. Plant Physiol 43: 622-628. 

52. Nkembo KM, Lee JB, Hayashi T (2005) Selective enhancement of scopadulcic 
acid B production in the cultured tissues of Scoparia dulcis by methyl jasmonate. 
Chem Pharm Bull (Tokyo) 53: 780-782.

53. Shen G, Pang Y, Wu W, Miao Z, Qian H, et al. (2005) Molecular cloning,
characterization and expression of a novel jasmonate-dependent defensin
gene from Ginkgo biloba. J Plant Physiol 162: 1160-1168.

54. Gharechahi J, Khalili M, Hasanloo T, Salekdeh GH (2013) An integrated
proteomic approach to decipher the effect of methyl jasmonate elicitation on
the proteome of Silybum marianum L. hairy roots. Plant Physiol Biochem 70:
115-122.

55. Bhat WW, Lattoo SK, Razdan S, Dhar N, Rana S, et al. (2012) Molecular
cloning, bacterial expression and promoter analysis of squalene synthase from 
Withania somnifera (L.) Dunal. Gene 499: 25-36.

56. Zhang H, Shibuya M, Yokota S, Ebizuka Y (2003) Oxidosqualene cyclases from 
cell suspension cultures of Betula platyphylla var. japonica: molecular evolution 
of oxidosqualene cyclases in higher plants. Biol Pharm Bull 26: 642-650.

http://www.ncbi.nlm.nih.gov/pubmed/20739306
http://www.ncbi.nlm.nih.gov/pubmed/20739306
http://www.ncbi.nlm.nih.gov/pubmed/20739306
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-037X.2011.00468.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-037X.2011.00468.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-037X.2011.00468.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-037X.2011.00468.x/abstract
http://connection.ebscohost.com/c/articles/79306942/immunocytochemical-localization-phenylalanine-ammonia-lyase-cinnamyl-alcohol-dehydrogenase-differentiating-tracheary-elements-derived-from-zinnia-mesophyll-cells
http://connection.ebscohost.com/c/articles/79306942/immunocytochemical-localization-phenylalanine-ammonia-lyase-cinnamyl-alcohol-dehydrogenase-differentiating-tracheary-elements-derived-from-zinnia-mesophyll-cells
http://connection.ebscohost.com/c/articles/79306942/immunocytochemical-localization-phenylalanine-ammonia-lyase-cinnamyl-alcohol-dehydrogenase-differentiating-tracheary-elements-derived-from-zinnia-mesophyll-cells
http://connection.ebscohost.com/c/articles/79306942/immunocytochemical-localization-phenylalanine-ammonia-lyase-cinnamyl-alcohol-dehydrogenase-differentiating-tracheary-elements-derived-from-zinnia-mesophyll-cells
http://www.sciencedirect.com/science/article/pii/S0304423813005359
http://www.sciencedirect.com/science/article/pii/S0304423813005359
http://www.sciencedirect.com/science/article/pii/S0304423813005359
http://www.ncbi.nlm.nih.gov/pubmed/21130907
http://www.ncbi.nlm.nih.gov/pubmed/21130907
http://www.ncbi.nlm.nih.gov/pubmed/21130907
http://www.ncbi.nlm.nih.gov/pubmed/23988562
http://www.ncbi.nlm.nih.gov/pubmed/23988562
http://www.ncbi.nlm.nih.gov/pubmed/23988562
http://www.ncbi.nlm.nih.gov/pubmed/23988562
http://www.ncbi.nlm.nih.gov/pubmed/15256745
http://www.ncbi.nlm.nih.gov/pubmed/15256745
http://www.ncbi.nlm.nih.gov/pubmed/15256745
http://www.ncbi.nlm.nih.gov/pubmed/23566874
http://www.ncbi.nlm.nih.gov/pubmed/23566874
http://www.ncbi.nlm.nih.gov/pubmed/23566874
http://www.ncbi.nlm.nih.gov/pubmed/15997134
http://www.ncbi.nlm.nih.gov/pubmed/15997134
http://www.ncbi.nlm.nih.gov/pubmed/15997134
http://www.ncbi.nlm.nih.gov/pubmed/16255174
http://www.ncbi.nlm.nih.gov/pubmed/16255174
http://www.ncbi.nlm.nih.gov/pubmed/16255174
http://www.ncbi.nlm.nih.gov/pubmed/23771036
http://www.ncbi.nlm.nih.gov/pubmed/23771036
http://www.ncbi.nlm.nih.gov/pubmed/23771036
http://www.ncbi.nlm.nih.gov/pubmed/23771036
http://www.ncbi.nlm.nih.gov/pubmed/22425978
http://www.ncbi.nlm.nih.gov/pubmed/22425978
http://www.ncbi.nlm.nih.gov/pubmed/22425978
http://www.ncbi.nlm.nih.gov/pubmed/12736505
http://www.ncbi.nlm.nih.gov/pubmed/12736505
http://www.ncbi.nlm.nih.gov/pubmed/12736505

	Title
	Corresponding author
	Abstract 
	Keywords
	Abbreviations
	Introduction
	Materials
	Plant materials  

	Methods
	MeJA and SA treatment  
	Determination of photosynthetic indexes 
	Determination of chlorophyll content  
	Enzyme activity assay  
	Malondialdehyde (MDA) content assay  
	Contents of soluble sugar and soluble protein assay 
	Determination triterpenoid content 
	Rreal-time quantitative PCR (qPCR)  
	The statistical analysis 

	Results
	The effect of MeJA and SA treatment on photosynthetic characteristics of birch  
	The effects of MeJA and SA treatment on chlorophyll content in birch leaves 
	The effects of MeJA and SA treatment on the antioxidant enzymes and lipid of birch 
	Effects of MeJA and SA on accumulation of soluble sugar and soluble protein content in birch sap
	Effects of MeJA and SA treatment on triterpenoid accumulation in white birch 

	Discussions
	Acknowledgments
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Figure 10
	Figure 11
	References

