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Abstract: Vaccinium floribundum Kunth, a wild native species of berry in Ecuador, presents a lot of phenolic compounds, specifically 
anthocyanins; hence it is considered a natural nutraceutical due to all its nutritional properties. The comparison of the expression 
of genes is involved in the biosynthesis pathway of anthocyanin of several populations. The aim of the research was to analyze the 
expression levels of three genes involved in the biosynthesis of anthocyanin in this species collected in two areas of the province 
of Pichincha: Machachi population of the Mejía canton, with geographic coordinates 0 ° 31′04.8 ″ S 78 ° 37′07.4 ″ W and altitude 
3200 meters above sea level, and Pintag population of the Quito cantón, with geographic coordinates 0 ° 24′00.0 ″ S 78 ° 24′00.0 
‐ W and altitude 3000 meters above sea level. The gene expression analysis was performed using the quantitative polymerase 
chain reaction technique and reverse transcription (RT-qPCR). For the population of Machachi, the glyceraldehyde-3-phosphate 
dehydrogenase gene had an average concentration of 648.59 ng/μL, followed by the chalcone synthase gene with 143.71 ng/μL, 
then by the dihydroflavonol 4-reductase gene with 59.58 ng/μL and finally by the anthocyanin synthase gene with 39 ng/μL. For the 
population of Pintag, the glyceraldehyde-3-phosphate dehydrogenase gene has an average concentration of 667.32 ng/μL, followed 
by the chalcone synthase gene with 157.22 ng/μL, then by the dihydroflavonol 4-reductase gene with 60.42 ng/μL, and finally by the 
anthocyanin synthase gene with 44.40 ng/μL. Each gene has a similar expression level in both populations, but there are differences 
when comparing the expression level among genes. Many enzymes, structural genes, and regulatory elements have been observed 
as transcription factors involved in anthocyanin biosynthesis.

Key words: Anthocyanin synthase, chalcone synthase, dihydroflavonol 4-reductase, glyceraldehyde-3-phosphate dehydrogenase, 
Mortiño.
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Introduction
The Vaccinium floribundum Kunth, known as Mortiño in 

Ecuador, is an endemic species from the north of South Ame-
rica between Colombia and Ecuador and native of the Ecua-
dorian Moors1. There are no commercial crops of this species, 
but only parcels of land where the species grows wildly, and its 
fruits are sold in the last months of the year2. In Ecuador, it is 
usually consumed as fresh fruit or it is processed in artisanal 
jams. The consumption of the fresh fruit is intended for pre-
paring the traditional "colada Morada," a typical drink made in 
Ecuador at October and November.

Besides being a fruit of great importance for the conserva-
tion of the moorlands and culture of Ecuador, Mortiño is a wild 
shrub still in the process of domestication in the country but 
with slow development and requires more in-depth studies. It 
possesses excellent nutritional properties related to its high 
content of phenolic compounds: anthocyanin3.

Anthocyanin is a type of flavonoid mainly involved in 
fruit ripening. These phenolic compounds are found in leaves, 
flowers, and especially in fruits since they produce the bluish 
or reddish coloration typical of the ripe fruits4. It is considered 
that fruits with intense bluish colors possess greater nutritio-
nal, medicinal, and antioxidants properties5, which have been 
associated with reducing coronary, neurological, and cardio-
vascular diseases6, cancer, diabetes, and inflammatory pro-
cesses; this has been observed in various in vitro and in vivo7,8 
studies.

The metabolic synthesis of flavonoids is well described for 
some species; however, its synthesis and anthocyanin concen-
tration in Vaccinium floribundum are still unknown concerning 

the ripening process. Several genes involved with the synthesis 
of anthocyanin from phenylalanine have been identified; three 
of these are chalcone synthase (CHS), which participates at 
the beginning of the biosynthetic route, dihydroflavonol 4-re-
ductase (DFR) and anthocyanin synthase (ANS) that are prac-
tically observed at the end of the synthesis4,9.

Molecular analyses are tools for managing biodiversity 
for the conservation and monitoring of endemic species and 
natural populations9. One of the molecular techniques used 
to observe gene expression patterns is the RT-QPCR (reverse 
transcriptase quantitative PCR)10, through which the concen-
tration of one or more specific transcripts can be quantified11.

The objective of this research is to quantify the expression 
of the chalcone synthase, dihydroflavonol 4-reductase, and 
anthocyanin synthase genes that are directly involved in the 
biosynthesis of anthocyanin in two populations of Pichincha, 
namely Machachi and Pintag, since as mentioned by Li et al.12; 
there are insufficient specific genomic and transcriptomic pro-
files data to understand the molecular mechanisms associa-
ted with antioxidants, especially in Vaccinium species.

Materials and methods 

Location and collection of samples
Ripe fruits of V. floribundum were collected in two wild po-

pulations of Pichincha, namely Machachi at Mejía with geogra-
phical coordinates 0°31′04.8″S 78°37′07.4″W and 3200 masl, 
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and Pintag in Quito with geographical coordinates 0°24′00.0″S 
78°24′00.0″W and 3000 masl.

According to the regulation for food collection of the INEN 
(Instituto Ecuatoriano de Normalización), 1kg of ripe fruits was 
collected from each native population and placed in a small 
tank with liquid nitrogen. The collected sample of V. floribun-
dum, consisted of ripe fruits with the following characteristics: 
dark color in the peel, a diameter of 1 cm, and shrubs taller 
than 1.2 m.  Although these moors are highly intervened, nati-
ve populations of the species under study can be found.

RNA extraction
The extractions by columns were made using the Pure 

Link® RNA Mini Kit (Ambion, Life), according to the manufac-
turer's instructions. The final column was placed in a recovery 
tube, adding 50 μL of RNase free water to perform the elution 
and centrifuging it for 2 min at 12000 x g; afterward, 1 μL of 
RNase inhibition Protector (Roche) was added, and this prepa-
ration was retained at -20 ºC to be processed on the same day.

Reverse transcription
A reverse transcription kit was used to obtain the cDNA, 

specifically a transcriber First Strand cDNA synthesis kit and 
Random Primer of Roche, used according to the manufactu-
rer's directions. The final microtube was taken to the conven-
tional ThermoCycler (Labnet) using a protocol of 10-min at 25 
ºC, 30-min at 55 ºC, 5-min at 85 ºC, and cooling at ∞ 4 ºC; 
finally, the cDNA was obtained and quantified in the Fluoro-
meter Qubit® 2.0.

Elaboration of the standard curve
Serial solutions of the cDNA were prepared, obtained 

from a ripe V. floribundum  fruit collected in Machachi, and the 
glyceraldehyde-3-phosphate dehydrogenase gene was used 
as a control to establish a patterned curve since it is a house-
keeping gene.

The samples were quantified using Qubit® 2.0 Fluorome-
ter with the Qubit® DNA Assay Kit (Life), following the instruc-
tions of the manufacturer; this was carried out using the DsD-
NA High sensitivity program, obtaining specific concentrations 
that will be entered into the RT-qPCR equipment for expres-
sion analysis of the genes.

With the quantified cDNA, amplification was performed 
using the Light Cycler Fast Start DNA MasterPLUS SYBR Green 
I (Roche), with the primers of the glyceraldehyde-3-phosphate 
dehydrogenase gene to enter the data in the Light Cycler 2.0 
software (Roche).

In this experiment, programming of absolute quantifica-
tion was performed, where the data obtained from the concen-
trations are entered through the Qubit, which are the positive 
standard controls for the subsequent analysis of the interest 
samples13.

The amplification run is initiated, giving the standard cur-
ve of cDNA concentration of the control gene, comparing the 
subsequent samples for their quantification in ng/uL.

Finally, it should be considered that the error values and 
the curve efficiency must be from 0.0 to 0.3 points and from 
1.8 to 2.2 points, respectively, to be further later used in the 
runs of the RT-qPCR for quantification of samples with unk-
nown concentrations. The standard curves with the control 
gene are the basis for the quantification at RT-qPCR14.

Quantification in RT-qPCR
The Master Mix Light Cycler Fast Start DNA MasterPLUS 

SYBR Green I (Roche) was previously prepared. For the master 
mix of each sample, the protocol of 20 μL of the final volume 
was standardized with 9.8 μL of Ultra-Pure H2O, 0.6 μL of the 
first forward, 0.6 μL of the first reverse, in a 10 micromolar 
concentration, plus 4 μL of the Master Mix and 5 μL of the pre-
viously obtained  CP V. floribundum cDNA. On the other hand, 
a negative control, H2O PCR grade, and positive control, a sam-
ple of Mortiño, were required for each of the genes, and two 
more capillaries were prepared15. The sequences of the first 
GAPDH used were 

F:5’CAAACTGTCTTGCCCCACTT3’, 
R:5’CAGGCAACACCTTACCAACA3’, for DFR, 
F:5’GAAGTGATCAAGCCGACGAT3’, 
R:5’ATCCAAGTCGCTCCAGTTGT3’, for CHS, 
F:5’CCAAGGCCATCAAGGAATG 3’, 
R:5’TGATACATCATGAGTCGCTTC3’, for ANS, 
F:5’TCTTCTACGAGGGCAAATGG3’, 
R:5’ACAGCCCATGAAATCCTGAC3’3. 
In the case of the negative control, 5 μL of the sample 

were replaced by 5 μL of Ultra-Pure H2O, and for the positive 
control the capillaries were carefully centrifuged at 12000 x 
g for 15s to ensure that the specimen is at the bottom of the 
sample and have a correct reading.

The amplification protocol was programmed in the Light 
cycler 4.0 software (Roche): initial denaturation at 95 °C, for 1 
cycle, then 60 denaturation cycles at 95 °C, hybridization at 60 
°C and extension at 72 °C, to finally reach the last step of coo-
ling for 1 cycle at a temperature of 40 °C. Finally, the previous-
ly saved external standard curve must be imported to obtain 
the quantitative data16.

4x2 Factorial statistical analysis
A factorial evaluation of the four genes was carried out 

in the INFOSTAT program 2018α, namely chalcone synthase, 
dihydroflavonol 4-reductase, anthocyanin synthase, and glyce-
raldehyde-3-phosphate dehydrogenase in the two populations 
from Pichincha; i.e., with this analysis, it can be reported the 
relationship of each of the independent variables: each of the 
genes and all the genes with each one population and with two 
populations.

Using the variance analysis (ANOVA) with α= 0.01, it is ve-
rified if two or more averages of two or more data groups are 
similar or if some differ significantly from the others17.

The Duncan test was also performed to compare the de-
gree of similarity in the expression of the 4 genes involved in 
the biosynthesis of the anthocyanin and the relationship be-
tween the two populations since this statistical test is used to 
examine all the differences among means considering that the 
number of repetitions is constant.

Results

Standard curve using the glyceraldehyde-3phosphate 
dehydrogenase gene

The standard curve generated was effective, as it yielded 
an efficiency of 2.121 points and an error of 0.202 points, which 
are in the acceptable ranges required by the ThermoCycler Li-
ghtCycler 2.0; hence, it is concluded that the data obtained are 
reliable.

Figure 1 shows a curve in which the X axis represents the 
logarithmic concentration of the serial dilutions data that were 
obtained in the Qubit, whereas the Y axis represents the CP or 



2182

crossing point in which the samples generated the amplifica-
tion; the blue line is the trend line between the two axes, and it 
represents the normalization of the curve.

Determination of the expression levels of the four genes 
in the species Vaccinium floribundum

The cream formulated was evaluated for its organolep-
tic properties (color, state, and odor). The appearance of the 
cream was analyzed by its color and roughness visually and by 
touch. Results are listed in Table No. 2. 

The glyceraldehyde-3-phosphate dehydrogenase gene 
has the highest expression levels in both locations, with an 
average of 648.59 ng/ μL for Machachi (Table 1) and 667.32 
ng/μL for Pintag (Table 2). Ten replications of the exact mea-
surements were performed for each gene. 

The second gene with a higher expression level is the 
chalcone synthase with an average of 143.71 ng/μL in Macha-
chi and 157.22 ng/μL in Pintag, then the dihydroflavonol 4-re-
ductase gene with an average of 59.58 ng/μL in Machachi and 
60.42 ng/μL for the population of Pintag; finally, the anthocya-
nidin synthase gene with an average of 39.29 ng/μL in Macha-
chi and 44.40 in Pintag.

In Figure 2, one of the replications for the amplification 
curves of the four genes of the Machachi population is obser-
ved; this curve is inversely proportional to the concentration 
because while the curve rises in a minor cycle, the amount of 
the target will be higher. Four curves represent the four genes 
under study, plus the curve of negative control; the blue cur-

ve is almost linear until the end of the run without CP point. 
The green curve represents the glyceraldehyde-3-phosphate 
dehydrogenase gene, with a CP point of almost 27 cycles and 
a concentration of 727.10 ng/ μL; the red curve represents the 
chalcone synthase gene, with a CP of 38 cycles and a con-
centration of 120.20 ng/μL; the brown curve represents the 
dihydroflavonol 4-reductase gene, with a CP of 47 cycles and 
a concentration of 52.70 ng/μL; finally the black curve repre-
sents the anthocyanin synthase gene with a 60-cycle CP and a 
concentration of 39.40 ng/μL.

Regarding the Pintag population, Figure 3 shows one of 
the repetitions of the amplification curves of the four genes: 
the blue curve is almost linear until the end without CP point, 
and is the negative control. The green curve represents the 
glyceraldehyde-3-phosphate dehydrogenase gene with a 
25-cycle CP point and a concentration of 780 ng/μL; the li-
ght blue curve represents the chalcone synthase gene with a 
32-cycle CP and a concentration of 189.90 ng/μL; the brown 
curve represents the dihydroflavonol 4-reductase gene, with 
a 46-cycle CP and a concentration of 56 ng/μL; and finally, the 
black curve represents the anthocyanin synthase gene with a 
59 cycle CP and a concentration of 44.30 ng/μL.

Comparison of the expression gene levels of Vaccinium 
floribundum in the two populations of Pichincha

When comparing the two populations under analysis, no 
significant differences were found in any of the four genes (F 
= 0.47, p = 0.4965). On the contrary, the expression averages 

Figure 1. Standard curve for the 
V. floribundum with the glyceral-
dehyde-3-phosphate dehydroge-
nase gene. Error and efficiency 
are shown in the appropriate 
parameters.
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of each gene are very similar in both populations. In contrast, 
highly significant differences were observed when comparing 
the expression levels among the four genes analyzed (F = 
433.24; p < 0.0001).

This study showed an expression level related to the 
biosynthetic route, where CHS has the highest expression 
level and ANS the lowest one. The differential expression of 
each gene observed in ripe fruits would be related to the ma-
turation stage of this species and the function of each gene in 
the synthesis of anthocyanin. It would be essential to observe 
the expression of these genes in V. floribundum under diffe-
rent maturation stages. The results of this study (Duncan test) 
Show (Figure 4) that there are no significant differences in the 
expression levels when comparing the Machachi and Pintag 
populations. However, three expression levels can be obser-
ved; the anthocyanin synthase gene presented the lowest le-
vel, the intermediate level by the dihydroflavonol 4-reductase 
gene, and the highest expression level was observed in the 
chalcone synthase and glyceraldehyde-3-phosphate dehydro-
genase (control) genes. 

The ANOVA analysis among populations of V. floribundum 
(F = 0.08 and p = 0.9688) indicates no significant differences 
between such populations. Instead, it is observed that each of 
the genes analyzed (chalcone synthase, dihydroflavonol 4-re-
ductase, anthocyanin synthase and glyceraldehyde-3-phos-
phate dehydrogenase) has a different expression level;  this 
expression level is similar in both populations of V. floribun-
dum; Chen et al.18 and Wang et al.10 showed that internal fac-
tors such as the maturation degree and environmental factors 
such as humidity, temperature and amount of light can affect 
the synthesis levels of anthocyanin; therefore, knowing the 
metabolic pathways can allow the implementation of mana-
gement plans and avoid the extinction of this species19.

Discussion and conclusions
The glyceraldehyde-3-phosphate dehydrogenase gene 

presents the highest concentrations concerning other genes, 
and therefore it enables the normalization of a standard curve 
and generates reliable data, as has been proven in other stu-

Table 1. cDNA concentra-
tions (ng/μL) of the V. flori-
bundum Machachi popula-
tion for the four genes and 
their averages.

Table 2. cDNA concen-
trations (ng/μL) of the 
Pintag population of V. 
floribundum for the four 
genes and their averages.
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Figure 2. Amplification curve of the four population genes of Machachi population.

Figure 3. Amplification curves of the four genes of the Pintag population.
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dies in Bilberry conducted by Jaakola et al.14 and in V. Myrtillus 
conducted by Martz et al.3. The results obtained indicate a high 
correlation in the expression of the chalcone synthase and di-
hydroflavonol 4-reductase found in Clivia miniata20, suggesting 
that these genes are subjected to coordinate the regulation of 
anthocyanin in the species, i.e., the two genes have direct ac-
tion in the translation process regulating the final products. 
According to the expression values obtained for these two ge-
nes, something similar could be happening in the V. floribun-
dum.

In the two populations, the anthocyanin synthase gene 
has the lowest expression level. It is possible that, as mentio-
ned by Aguilera et al.21, some fruits belonging to the family of 
the Rosaceas, Vitaceae, Solanaceae, Ericaceae, and Passiflo-
raceae are rich in anthocyanin, but in the case of Mortiño, the 
delphinidin is codified by another gene, the F3'5'H (Flavonoid 
3'5'-'-hydroxylase), which is a crucial precursor compound that 
could be found in higher proportion compared to the anthocya-
nin synthase22.

There are no significant differences when comparing 
the expression level of the three genes (CHS, DFR, and ANS) 
among the populations since each gene has a similar expres-
sion level in both; therefore, the altitudinal differences do not 
affect the metabolic processes, and in this case the biosynthe-
sis route of the anthocyanin in V. floribundum. These results 
agree with the research conducted by Li et al.23 and Wang et 
al.10, who observed the concentration of anthocyanin and fla-
vonoids in Vaccinium uliginosum berries from seven locations 
in the Khingan Mountains only increased when there was a 
wide variation in altitude among populations.

The expression level of the CHS, DFR, and ANS genes is 
different and is related to the expression order in the biosyn-
thesis path of anthocyanin, so the first to express and the one 
with the highest expression level is CHS, then DFR, and finally 

ANS. These data agree with Jaakola et al.14 in Bilberry, whe-
re procyanidins and quercetin were the main flavonoids in the 
early development stages of the berry, but their levels decrea-
sed dramatically during the maturation progress and the last 
stages. The content of anthocyanin increased significantly, and 
these were the main flavonoids in the ripe berry. Therefore, 
there is a correlation between the accumulation of anthoc-
yanin and the expression of flavonoids during the ripening of 
berries.

Each of the genes presents a determining function in each 
stage of growth and maturation of the species, and it can be 
concluded that in the ripening stage when the fruit has a dark 
violet coloration and a diameter of about 1 cm, the gene that is 
most expressed is the chalcone synthase.

Many enzymes, structural genes, and regulatory ele-
ments have been observed as transcription factors involved 
in the biosynthesis of anthocyanin24. At the beginning of the 
biosynthesis, structural genes are expressed as chalcone syn-
thase (CHS), chalcone isomerase (CHI), and flavanone 3-hy-
droxylase (F3H), which are necessary for the synthesis of an-
thocyanin precursors and derivatives of flavone and flavonols; 
then biosynthetic genes such as the dihydroflavonol 4-reduc-
tase (DFR) and the anthocyanin synthase (ANS) are expres-
sed, which are necessary for the synthesis of anthocyanin and 
proanthocyanin22.

V. floribundum Kunth can be considered as a source of 
anthocyanin; therefore, the expression analysis of the genes 
involved in the biosynthesis route of anthocyanin in V. floribun-
dum offers essential information that will enable the imple-
mentation of conservation programs for the species.

Figure 4. Duncan Test for comparing the averages according to the cDNA gene concentrations in ng/μL.
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