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Abstract 

 

Five lines of transgenic tobacco over-expressing Production of Anthocyanin Pigment 1 (PAP1) cDNA were 

analysis of metabolic response against the radiation and their protection of the plant under tissue culture 

condition. PAP1 transgenic and wild type (WT) plants were treated with the radiations of photosynthetically 

activate radiation (PAR) or PAR combined with UV-A. All lines of transgenic significantly increased in 

amounts of p-coumaric acid, naringenin apigenin more than WT under both treatments. Additional UV-A 

radiating to plant rose up kaempferol content in WT plant (1.5 times) and in PAP1 transgenics (1.8 times). 

These transgenic plants treated under both conditions had also increased anthocyanin substances (pelargonidin) 

with significant value after compared to WT. Content of total soluble sugar (TSS) was related to the content of 

total flavonoids in transgenic. PAR combined with UV-A had a lower induction of the electrolyte leakage 

percentage and malondialdehyde (MDA) level in the transgenic leaf tissue compared to WT tissue. The 

metabolic substance levels were considered on its protection of plant cells. In transgenic tissue, the 

enhancement of apigenin level strongly diminished the increase level of electrolyte leakage while the levels of 

TSS, p-coumaric acid and naringinin less affected. Moreover, the increase levels of kaempferol and 

pelargonidin associated with the decrease level of MDA, while the TSS level reversely responded. The PAP1 

transgenic increased response of light by adaptation of their metabolites (TSS, p-coumaric acid and flavonoids)  

consequently enhance parameter indicating protections of the cell. 
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Introduction 

 

The energy source of light has a major function in 

electron transfer of the plant photosynthetic process. The 

suitable wavelength of light for photosynthetic process is 

400-700 nm or photosynthetically activating radiation 

(PAR). A wavelength of ultraviolet (UV) light is a high-

electromagnetic energy, therefore their radiation has 

prospective to case a damage plant physiology. Among 

UV light, long wavelength of UV-A (315-400 nm) have 

the least detrimental effect to plant. UV radiating to plant 

cell affected an enhancement of reactive oxygen species 

(ROSs). A high accumulation of ROSs consequently 

induced the organelle and cell damages (Blokhina et al., 

2003). Plants have evolved several mechanisms against 

stresses in order to decrease cell damage. Individual plant 

may differ in the protecting system. 

Carbohydrate quality and quantity in the plant has 

been reported that related to stress responses (Maness, 

2010). Soluble carbohydrates have a basal role as energy 

sources, osmolytic agents and precursors. These 

precursors convert into other useful substances. 

Secondary metabolites from phenylpropanoids pathway 

accumulated in the UV radiated epidermal cells have 

been reported (Bruns et al., 1986; Christie & Jenkins, 

1996; Wade et al., 2001). These metabolites producing 

in plant cell have been found to screen an 

unappropriated radiation so as to reduce cell damages 

(Robberecht & Caldwell, 1978; Burchard et al., 2000; 

Landry et al., 1995). Plants mutated genes in the 

biosynthesis of phenylpropanoids and flavonoids were 

vulnerable to the radiation of UV (Stapleton & Walbot, 

1994; Landry et al., 1995).  

Different light signals case the activation of 

cascade proteins and metabolic biosynthesis a wide 

range of plant. The MYB protein, a plant transcription 

factor, plays a critical role in controlling gene 

expression, including in the flavonoid pathway (Jin & 

Martin, 1999). The production of anthocyanin pigment 

1 (PAP1) gene was isolated from Arabidopsis thaliana. 

This gene contains R2R3MYB conserve domain that 

has been proven to regulate the biosynthesis of 

phenylpropanoid (Borevitz et al., 2000). Over-

expressing of PAP1 activated the expression of genes in 

phenylpropanoid biosynthesis of whole plants (Borevitz 

et al., 2000; Tohge et al., 2005). PAP1 protein has been 

reported that formed a complex with WD-repeat and 

basic helix-loop-helix (bHLH) proteins and activated 

late biosynthesis of the flavonoid pathway (Zhang et 

al., 2003) (Fig. 1). This protein had an intermediate 

function in responses to several environmental factors 

and affected the level of flavonoid biosynthesis in plant 

(Cominelli et al., 2008; Teng et al., 2005; Lillo et al., 

2008). In nature, flavonoid biosynthesis and 

accumulation in plants is a variable depending on the 

environmental conditions and developmental stage 

(Chalker-Scott, 1990). Until present, it is not yet clear 

whether PAP1 transgenic distinguish from non-

transgenic in producing of metabolic profiles and their 

response against light signals. 
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Fig. 1. A schematic represent the early and late of flavonoid biosynthetic genes in the pathway. Enzymes are indicated in bold lettering. 

CHS is the first enzyme regarding flavonoid production, leading to synthesis of the major flavonoid groups as FLAVANONE, 

FLAVONE, FLAVONOL, and ANTHOCYANIN showed in white box. Abbreviations are as follows: PAL, phenylalanine ammonia-

lyase; C4H, cinnamic acid 4-hydroxylase; 4CL, 4-coumarate: CoA ligase; CHS, chalcone synthase; CHI, chalcone isomerase; FNS, 

flavone synthase; F3H, flavanone 3-hydroxylase; FLS, flavonol synthase; DFR, dihydroflavonol reductase; LAR, leucoanthocyanidin 

reductase.  The small letters was showed the derivative of pathways. The arrows indicated step towards major flavonoid derivative 

production, and dash arrows showed multi-step of enzymes to produce anthocyanins and anthocyanidins (PAs). 
 

In this research, independent lines of PAP1 

transgenic and wild types were used for investigating light 

responses under tissue culture condition to diminish the 

environmental change effects. In this experiment, PAR 

intermixed with UV-A was used for the normal 

photosynthetic process and mild stimulus which plant 

physiology had their capacity to retain with. We 

investigated the accumulating levels of sugar, p-coumaric 

acid and flavonoid substances in PAP1 transgenic under 

PAR and PAR+UV-A conditions and compared to those 

in WT.  Moreover, enhancing the level of each substance 

related to cell protection was analyzed.   
 

Materials and Methods 
 

Plant materials and In vitro conditions: Transgenic 

tobacco with PAP1 cDNA (accession no. AT1G56650) 

were constructed according to Kanthang & Sompornpailin 

methods (2013). Five lines of PAP1 transgenic containing 

different levels of substances (line no. P1, P2, P4, P5, P7) 

and non-transgenic (wild type; WT) were micro-

propagated. Plant culture was performed on MS medium 

(Murashige & Skoog, 1962) under aseptic condition. 

Propagated lines were used as the sample replicates in 

experimental studies. The light regime of plant culture 

condition was 16 h/8 h at 60 µmolm
-2
s
-1
 of daylight 

fluorescence tubes (Sylvania Watt/255). This tube 

provided PAR (400-700 nm). The temperature of the 

culture room was 25±2°C. Plants were used for 2 

conditions of light treatments. Plants were radiated for 

one week with the combination of PAR and UVA (PAR 

+UV-A) compared to those with PAR only (control 

condition). Sylvania black light tubes were used to radiate 

UV-A (wavelengths between 350-370 nm). Phenotypic 

changes of each transgenic line under aseptic condition 

were investigated.  Leaves of WT and transgenic plant 

were collected for analysis, or frozen with liquid nitrogen 

and kept at -80ºC for further investigation.  
 

Determination of total soluble sugar contents: Zero 

point five grams of leaf fresh weight (FW) were ground 

into a powder and extracted with 2 ml of 80% ethanol. 

Four hundred microliters of supernatant were mixed and 

extracted with an equal volume of de-ionized water and 

chloroform. The supernatant was diluted 10 times with 

deionized water. Five hundred microliters of supernatant 
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dilution was estimated by the phenol-sulfuric acid method 

of Dubois et al. (1956). The absorbance was quantified 

with a spectrophotometer at 490 nm. Total soluble sugar 

(TSS) content was calculated from a standard calibration 

curve of sucrose. Four samples were used in each 

treatment. The mean in mg of TSS per g FW with error 

bar in each treatment was presented. 

 
Analysis of flavonoid accumulations: Frozen samples 

of leaves (1 g FW) were finely pulverized and 

extracted with 2 ml water and acidic methanol (2:3) 

solvent. Chlorophyll was separated from solvent by 

extracting with chloroform. The upper solvent was 

separated and quantify for specific absorbance using a 

spectrophotometer. Polyphenol (p-coumaric acid) and 

flavonoid derivatives were analyzed according to the 

modified methods of Barthelmebs et al. (2000) and 

Harborne, (1998). The absorbance values of substances 

in each extract were adjusted to the g FW.   

 
Investigation of cell membrane injury by electrolyte 

leakage: Leaves of tobacco grown under PAR+UV-A 

were cut into pieces. De-ionized water was added to 

each leave sample. The UV-A treated samples were 

incubated at 30ºC for 3 hours. Subsequently, an initial 

electrical conductivity (ECi) of the treated samples was 

measured using a conductivity meter. The sample was 

heated for 2 min at 100ºC and cooled down with ice. A 

final electrical conductivity (ECf) of this sample was 

measured again. The total electrical conductivity of 

normal samples (plants grown under PAR) at the initial 

and final stages (ECTi, ECTf, respectively) was measured 

in the same way as the treated sample. The percentages 

of electrolyte leakage under PAR or additional UV-A 

conditions were calculated by following the method of 

Bajji et al. (2002). 

 
Investigation of lipid peroxidation assay: The lipid 

peroxidation level was determined in plant cell grown 

under PAR and additional UVA. The thiobarbituric 

acid-reactive-substances (TBARS) assay was 

performed according to the method of Hodges et al. 

(1999). Thiobarbituric acid (TBA) is a reactive 

substance with malondialdehyde (MDA) to yield a 

pink colored product of TBARS. A fresh leaf sample 

(0.15 g) was carried out the MDA extraction with 1.5 

ml of 1% trichloroacetic acid by shaking for 1 hour at 

room temperature. Insoluble residue was removed by 

centrifugation. The supernatant was diluted and added 

to the TBA solution. The reaction was well mixed and 

boiled in water for 30 min and then cooled down. The 

TBARS in the reaction was quantified by 

spectrophotometry at 532 nm against a blank. The 

MDA equivalents of samples were calculated using an 

extinction coefficient of 1.57x10
5
 M

-1
cm

-1
. The MDA 

level in the UV-A radiated plant samples were 

compared with the non UV-A radiated controls. 

Experimental design and statistical analysis: 
Experiment was designed by completely randomized 

design (CRD) with replicates (n ≥ 3). Statistical analysis 

for each experiment was performed with one-way 

analysis of variance (ANOVA) and Duncan’s multiple 

range test (DMRT). Significant differences among means 

were determined by LSD test at a P value < 0.05.  

 

Results and Discussion 

 

PAP1 transgenic enhanced metabolite accumulation 

in response to lights: Five lines of PAP1 transgenic and 

WT tobaccos were grown under sterile conditions with 

PAR or PAR+UV-A. Leaf extract was detected for the 

specific metabolites. The extracts were determined the 

TSS content and the result is shown in Fig. 2. The 

additional UV-A radiation enhances the accumulation of 

TSS to 1.3 times in WT. The average content of TSS in 

the extracts of transgenic tobacco was approximately 1.5 

times of that in WT tobacco under both conditions. 

However, these extracts showed variables in TSS 

content depending on the transgenic line. PAP1 

transgenic line P5 grown under PAR and PAR+UV-A 

conditions showed the highest TSS content (1.72 and 

1.67 times of WT, respectively). UV-A enhanced levels 

of TSS in WT and over-expression of PAP1. The 

increased TSS levels in plants are often associated with 

environmental stress adaptations in order to mitigate the 

severity (Rosa et al., 2009). 

 

 
 
Fig. 2. The total soluble sugar (TSS) content (mg g-1 fresh 

weight) found in the leaf extracts of PAP1 transgenic and WT 

plant under PAR or PAR combined with UV-A lights. The error 

bar indicates the standard deviation from four replicates. 

 

Under PAR, extracts of PAP1 transgenic contained 

amounts of almost all detected substances higher than 

WT tobacco, but the level of these substances are 

different. Results are shown in Table 1. The levels of 

substances, especially in the early biosynthesis of 

flavonoids (naringenin and apigenin) and p-coumaric 

acid, in transgenic were significantly higher (1.6-1.8 

times by average) than those of WT. While the levels of 

kaempferol and pelargonidin in the transgenic extract 

were slightly different to those in WT extract.   
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Table 1. Relative amounts of metabolites from phenylpropanoid biosynthesis in leaf extracts of PAP1 transgenic 

5 lines and WT under PAR and PAR+UV-A conditions. 

Conditions Plant lines 

Phenylpropanoid derivatives (Abs g
-1
 FW) 

p-coumaric 

acid 
Naringenin Apigenin Kaempferol Pelargonidin 

PAR 

WT 4.65 ± 0.8
a
 4.84 ± 0.7

a
 4.10 ± 0.8

a
 0.70 ± 0.05

a
 0.027 ± 0.003

a
 

P1 7.66 ± 2.3
b
 8.21 ± 2.8

b
 7.31 ± 2.5

b
 1.06 ± 0.37

a
 0.044 ± 0.018

bcd
 

P2 7.04 ± 1.5
b
 7.61 ± 1.6

b
 6.81 ± 1.5

b
 0.88 ± 0.05

ab
 0.035 ± 0.001

abc
 

P4 7.78 ± 1.0
b
 8.57 ± 1.0

b
 7.61 ± 0.9

b
 0.83 ± 0.02

ab
 0.028 ± 0.004

a
 

P5 7.83 ± 0.3
b
 8.51 ± 0.2

b
 7.54 ± 0.2

b
 1.01 ± 0.13

abc
 0.042 ± 0.012

bcd
 

P7 7.87 ± 1.1
b
 8.85 ± 1.4

b
 7.93 ± 1.2

b
 0.85 ± 0.13

ab
 0.027 ± 0.003

a
 

PAP1 average 7.64 ± 0.3
b 

8.35 ± 0.5
b 

7.44 ± 0.4
b 

0.93 ± 0.10
abc
 0.035 ± 0.008

abc
 

PAR+UV-A 

WT 6.20 ± 0.4
a
 6.83 ± 0.7

ab
 6.01 ± 0.7

ab
 1.18 ± 0.35

bcd
 0.033 ± 0.003

ab
 

P1 11.47 ± 1.0
cd
 12.76 ± 1.1

c
 11.61 ± 1.3

cd
 1.44 ± 0.27

cde
 0.044 ± 0.002

bcd
 

P2 11.87 ± 1.2
cd
 12.88 ± 1.5

c
 11.58 ± 1.4

cd
 1.80 ± 0.40

e
 0.053 ± 0.003

de
 

P4 10.69 ± 0.2
c
 11.57 ± 0.3

c
 10.43 ± 0.3

c
 1.71 ± 0.35

e
 0.055 ± 0.005

de
 

P5 13.13 ± 1.4
d
 13.93 ± 1.3

c
 13.04 ± 1.7

d
 1.76 ± 0.15

e
 0.058 ± 0.006

e
 

P7 11.98 ± 0.2
cd
 13.47 ± 0.4

c
 12.14 ± 0.4

cd
 1.49 ± 0.04

de
 0.047 ± 0.003

cde
 

PAP1 average 11.83 ± 0.9
cd 

12.92 ± 0.9
c 
11.76 ± 0.9

cd 
1.64 ± 0.2

e 
0.051 ± 0.006

de 

The means ± standard deviation (SD) of the results obtained from three biological replicates are shown. Differences in 
a,b,c…

 indicated significant differences at p<0.05 compared within the same column only 

 

 
 

Fig. 3. Phenotypes of three-week-old tobaccos under PAR condition, wild type (WT) and AtPAP1 transgenic line P1 and P7. 

 
Under 7 days radiation of PAR+UV-A, transgenic 

and WT tobaccos had not evidently affected 

phenotypic changes in comparison to themselves 

grown under PAR alone. In exception, transgenic line 

P7 showed that it has a high potential to mature and 

produce flowers under aseptic conditions (Fig. 3.). WT 

tobacco treated PAR+UV-A showed the significant 

increases of kaempferol to 1.7 times from WT treated 

PAR alone, while the levels of p-coumaric acid and 

other flavonoids had no significant increase. The 

additional UV-A affected different induction of 

metabolic changes in each transgenic line. In WT and 

PAP1 transgenic tobaccos, the relative levels of p-

coumaric acid, naringenin and apigenin were induced 

higher than that of flavonol and anthocyanin.  

However, kaempferol in transgenics was also the 

highest increase (1.8 times by average) compared to 

themselves treated under PAR. 
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Fig. 4. The electrolyte leakage (%) of leave tissues in AtPAP1 

transgenic lines and WT plant under PAR or PAR combined 

with UV-A conditions. The error bars indicated the standard 

deviation (SD) of each line three replicates. 

 
 
Fig. 5. The malondialdehyde content (nmol ml-1) in AtPAP1 

transgenic and WT leaves under PAR or PAR combined with 

UV-A conditions. The error bars indicated the standard 

deviation (SD) of each line five replicates. 

 

PAP1 transgenic increased cell protection: The 

electrical conductivity of electrolytes leaked out from 

the tissues of WT and PAP1 transgenic treated with 

PAR or PAR+UV-A is presented in Fig. 4. The 

additional UV-A radiation strongly affected 

electrolytes leaked in WT plant (1.6 times), while 

fewer changes were found in transgenic (1.1-1.2 

times). Under the same UV-A conditions, transgenic 

line P5 accumulated the highest contents of TSS and 

flavonoids, and showed the least increase of 

electrolytes leaked. The electrolytes leaked percentage 

of this line under the normal PAR condition was the 

highest. Flavonoids are plant polyphenols which have a 

high potential in donating electrons to environments 

including free radicals. Thus transgenic plants 

containing high flavonoid backgrounds, might give a 

higher level of electrolyte leakage than normal plants. 

The highly enhance of electrolyte leakage is considered 

as a high potential of membrane damage. Our result 

shows that PAP1 transgenic treated UV-A slightly 

increase electrolyte leakage, therefore metabolic 

production in transgenic should have the protected 

function to cell membranes. Peroxidation reaction of 

unsaturated fatty acid yield MDA as one of the final 

product. This product has been considerate as a maker 

for stress sensitivity. MDA content was stimulated 

from leaf tissue extractions in both conditions. Results 

are presented in Fig. 5. Additional UV-A radiation 

significantly induced lipid peroxidation, in both WT 

and transgenics. However, lipid peroxidations in all 

transgenic were less than that in WT in both conditions 

and also showed less enhancement under additional 

UV-A. Transgenic line P5 has the least MDA content 

under both conditions. This result suggests that PAP1 

transgenic is efficient in reducing MDA products in 

lipid peroxidation. 
 

The relation between metabolites and plant cell 

protection: The relationships between substance increase 

and cell protecting potentials (electrolyte leakage and 

MDA levels) were analyzed in plants radiated under 

additional UV-A. UV-A induced the enhancing 

accumulation of TSS which is slightly correlated with 

diminishing electrolytes leaked out of tissues (R
2
 =0. 16) 

while it is highly correlated with the rising MDA level (R
2
 

=0.49). The increased accumulation of apigenin was 

highly related to the reducing electrolyte leakage (R
2
 

=0.52) while those of p-coumaric acid and naringinin 

were weakly related (R
2
 =0.36 and 0.33, respectively). 

However, these substances were not directly related to 

reducing MDA levels in UV-A treated plants. In contrast, 

increasing kaempferol and pelargonidin are effectively 

related to reducing level of MDA (R
2
 =0.34 and 0.30, 

respectively). Plant adaptation to additional UV-A is 

converting primary metabolites into the specific 

protective metabolites. Our results show that PAP1 

transgenic containing primary (TSS) and secondary 

metabolites (p-coumaric acid and flavonoids) under both 

condition higher than WT. These transgenics also have 

less increases of the cell damage factors (ion leakage and 

lipid peroxidation). It is implied that UV-A induced stress 

in transgenics is less than that in WT.  
The primary metabolites and upstream precursors 

play a major role in metabolite flux into desirable 
pathways and provide plant growth and survival. 
Flavonoid substances excepting anthocyanins absorb 
different wavelengths in the energetic solar wavelengths 
(UV region), in consequence; they allow the optimal light 
energy. Therefore plants accumulated high flavonoid 
level were less oxidative damage. This result is in 
concordance with Arabidopsis plants mutated in the 
flavonoid biosynthetic gene. These plants were found to 
be excessively sensitive to UV-B. (Li et al., 1993; von 
Wettberg et al., 2010). 

The UV-A light significantly affected the increasing 

accumulations of TSS and kaempferol in both WT and 

PAP1 transgenics. Kaempferol, a representative of 

flavonol group, is the most increased substances in 

response to additional UV-A radiation. This result agrees 

with the previous experiments that plant flavonol 

synthesis is induced by environmental factors such as 

light intensity, light wavelenght and sucrose (Lillo et al., 
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2008; Hofmann et al., 2000; Ryan et al., 1998). Plants 

enhance the accumulation of flavonols to absorb UV-A 

radiation with good quantum efficiency (Goulas et al., 

2004). Flavonol accumulation may diminish harm from 

radiation while transmitting PAR to the plant 

photoreceptors. We postulated that the inducing flavonol 

biosynthesis is enhanced by additional UV-A, however 

expression of the PAP1 gene may slightly increase the 

response sensitivities. Flavonol biosynthesis may be not 

directly regulated by the expression of the PAP1 gene 

(Rowan et al., 2009). 

These PAP1 transgenics increased their response to 

light by enhancing accumulation of p-coumaric acid and 

flavonoid metabolites but did not result in a strong 

red/purple plant similar to previous reports (Borevitz et al., 

2000). However, our result agrees with recent results. They 

reported that after introduced PAP1 into canola, tobacco 

and tomatoes, few transgenic lines enhanced accumulation 

of these substances, but the larger part of the transgenic 

lines had the visible phenotype similar to WT (Zhou et al., 

2008; Xie et al., 2006; Li et al., 2010). The PAP1 gene was 

randomly inserted into the genome position of each 

transgenic line. Their inserted position may strongly affect 

to light inducers and also effect the flavonoid 

accumulations within cells. This result is in agreement with 

observations of tobacco ectopic expressing PAP1 and TT8 

(Zhou et al., 2008) and also has a similar trend to the 

reports that species and cultivars of plants slightly 

divergent in genetics may differ widely in their response to 

UV-B (Cartwright et al., 2001; Murali et al., 1988). 

Nevertheless, the light mechanisms regulating signal 

transduction and metabolite accumulations are not clear.   

The promoters of phenylalanine ammonia-lyase 

(PAL) and chalcone synthase (CHS) genes, encoded rate 

limiting step enzymes in phenylpropanoid and flavonoid 

pathways, respectively, have been previously identified 

for the UV-light responsive element (Logemann et al., 

2000). This CHS gene promoter also contains sucrose 

boxes which were found in the sucrose inducible 

promoter (Tsukaya et al., 1991). Together with the 

previous reports, this suggests that sugar and light signal 

pathways closely interact (Smeekens, 2000). PAP1 

encodes a MYB transcription factor which works in a 

combinatorial complex with bHLH and WD-repeat 

transcription factors and involves the regulating 

expression of genes in these pathways (Gonzalez et al., 

2008; Zimmermann et al., 2004). These transcription 

factors may involve sensing signals and activating 

biosynthetic pathways (Sompornpailin et al., 2002). 

Sugar stimulating biosynthesis of anthocyanin in 

different plant organs has been report previously (Hara 

et al., 2003; Weiss, 2000). In concord to the transcript 

profiling of Arabidopsis genome reveals that the 

pathways of phenylpropanoid and flavonoid are 

vigorously up-regulated following sucrose treatment 

(Solfanelli et al., 2006). Furthermore, PAP1 and TTG1 

genes were also essential for the sucrose-induced 

anthocyanin accumulation in Arabidopsis (Shirley et al., 

1995; Teng et al., 2005). 

Our experiment first reported that tobacco leaves 

expressing PAP1 enhanced TSS. The increasing amount 

of TSS had a weak relationship with reducing electrolytes 

leaked out of tissues, but had a strong relationship with 

increasing MDA levels. Sugars are known as fundamental 

metabolite producing in response to abiotic stresses. 

PAP1 transgenic enhances TSS which may supply 

precursors and energies into the pathway of protective 

metabolites such as flavonoids. Furthermore sugars can 

act as signaling messengers involved in up-regulation and 

down-regulation of stress-related genes that will benefit 

the plant in controlling photosynthesis and the ROS 

balance (Rosa et al., 2009; Smeekens, 2000). Soluble 

sugars seem to have a relating effect on processes both 

ROSs producing and scavenging systems (Couee et al., 

2006). On the other hand, in nature flavonoid derivatives 

are usually found in a glycosylated form (sugar-bound) 

(Hofmann et al., 2000; Wilson et al., 1998). Thus, these 

glycosylated flavonoids may involve in the increase of 

soluble sugar in plant cells. 

In this experiment, the highest increases of flavonol 

induced by additional UV-A was presented relative with 

the reducing levels of MDA. The flavonol derivatives 

increased in leaf epidermal should provide effective UV 

filters for the mesophyll layer (Fischbach et al., 1999; 

Treutter, 2006). Furthermore, flavonol substances are 

considered to have strong antioxidant activity due to the 

scavenging ability of free radicals, therefore it reduced the 

MDA product of lipid peroxidation (Sakanashi et al., 

2008; Fahlman & Krol, 2009). Also in agreement with the 

experiment in human cell, the same group of flavonol 

substance, quercetin and its glycosylated derivative, is the 

most efficient in protecting cells from UV radiation by 

reducing reaction of lipid peroxidation (Pastore et al., 

2009; Filipe et al., 2005; Desentis-Mendoza et al., 2006). 

Furthermore, the other flavonoids have differences in 

ROSs scavenging activities depending on the functional 

group of their structure (Agati et al., 2012; Prochazkova 

et al., 2011). p-coumaric acid, a hydroxycinnamic acid 

derivatives, has been presented the radical scavenging 

activities and the membrane preventing from lipid 

peroxidation (Rice-Evans et al., 1996; Grace & Logan, 

2000) consequently reduce electrolyte leakage. 

 

Conclusion 

 
Individual line of PAP1 transgenic significantly 

enhanced primary metabolites (TSS), and secondary 
metabolites (p-coumaric acid, naringenin and apigenin) 
under PAR. Additional UV-A radiation affected the 
increasing accumulation of soluble sugar and flavonol 
(kaempferol) in WT but significantly affected the 
increasing accumulation of all detected substances in PAP1 
transgenic. The increasing accumulations of substance at 
the early pathway (apigenin, naringenin) were highly 
related to the reducing electrolyte leakage. However the 
enhancing kaempferol and pelargonidin accumulations 
effectively related the reducing level of MDA. Thus the 
tobacco genetic background expressing PAP1 showed the 
enhancing light responses via primary metabolites such as 
sugars and producing the protective secondary metabolites, 
consequently increasing cell protections. 
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