Anthocyanin degradation in bell pepper fruit

Wageningen University
Plant Breeding Group
Narendra Kumar Kata (910806596050)
17-04-2018



Anthocyanin degradation in bell pepper fruit

Narendra Kumar Kata
910806596050

Supervisor: Ying Liu

Examiner: Arnaud Bovy; Yury Tikunov

Research Group: Plant Breeding
Wageningen University ¢ MSc Thesis ® 17-04-2017

Wageningen, Nederland



Abstract

In purple pepper genotypes the purple pigmentation is only observed in immature fruits; purple
discolouration was noticed in mature fruits during ripening. The biosynthesis of anthocyanins was well
characterized in many model plants and in Solanaceae crops. But very little information is available on
anthocyanin degradation. The concentration of anthocyanins in mature fruits is by the balance between
anthocyanin biosynthesis and degradation. The current project is conducted to study molecular
mechanisms of anthocyanin degradation in pepper. In total, eight pepper genotypes were used to
investigate the anthocyanin structure, concentration and accumulation pattern. In our study, the
anthocyanins in purple genotypes were identified as delphinidin derivatives. The two forms of
anthocyanins were delphinidin-3-coumaroylrutinoside-5-glucoside and delphinidin-3-
caffeoylrutinoside-5-glucoside. From the results the concentration is correlated with fruit colour. Dark
purple fruits had a high concentration and low levels were noticed in ripening fruits. The accumulation
pattern of anthocyanins is first increased and then decreased during fruit development. Also, the
environmental influence on colour pigmentation is investigated in purple-fruited genotypes with two
temperature treatments 10°C and 30°C. No significant colour change in the fruits under low temperature

and turn of fruit colour from purple to red was observed at high-temperature treatment.



Acknowledgement

I believe in for obtaining knowledge the important way is by experience and as a master student it is
impossible without the support of people. Therefore, | would acknowledge the people who helped me
during my MSc thesis. Firstly, 1 would like to thank Dr. AG (Arnaud) Bovy for allowing me to work in
his group and for his valuable suggestions with the results of experiments. | would like to express my
heartful gratitude to my PhD supervisor Ying Liu for her kindness, patient supervision and support on
experimental work, analysing results and report writing. Then | would like to thank Dr. YM (Yury)
Tikunov for his help on experiment and analysing the results. Next, | would like to extend my sincere
thanks to Jos Molthoff for his support and help in lab works. I learned the qualities of molecular lab
work and how to tackle difficult and unexpected situations with alternative and new ideas to proceed
further and this will help me a lot in my future career as a researcher. Finally, I want to thank my parents,

my friends and colleagues from Plant Breeding Group.



Table of content

AADSITACT ...t bbbt b bbb bbbt bbbt nnenea iii
ACKNOWIEAGEMENL ...ttt st e st e et et e et e e besbeesaesbeessessesreessestessaensenreenes iv
TaDIE OF CONTENT. ...ttt ettt eb et v
L INEFOAUCTION ...ttt b bbbt b e b s b e e s et e e e st enenbesbe b e 1
1.1 ANthOCYanin DIOSYNTNESIS. .....c.eiuiieieiieierteres ettt 1
1.2 ANthocyanin degradation ...........c.ccecieeeriieieicceeece ettt st re et san et e reennas 3
L3 TeMPErature EFFECE ....ve ettt st st s ra et e beennas 3
1.4 RNA TSOIAEION ...ttt bbbttt b b 4

2. RESEAICI ATIM ...ttt ettt b e bbbt et et et et ae e b e ebenbeneen 5
3. Research questions and NYPOTNESES .......ccevererierieieieiee st 6
4. Material and METNOUS ........coveiriiirieiiee ettt 7
4.1 PIANT MALETTAIS ...ttt 7
A2 IMIBENOUS ...ttt b bbbttt b e bbbt bbbt ettt ne b e b e 7
4.2.1 Metabolomic analysis (Extraction and analysis of Anthocyanins).........c.cceceveveveeiineneneneens 7
4.2.2 TEMPErature EXPEIMENT....c.eeieuirtirtertertertee ettt sttt ettt ebe b sbesbestesse s et eseenesbessesreneens 8
4.2.3 RNA extraction by the CTAB miniprep Method...........ccoevvviiecieiiieeececeeceeeee e 8
4.2.4 RNA extraction with GenElute Mammalian Total RNA miniprep kit (SIGMA-ALDRICH) 9
4.2.5 CDINA SYNINESIS ..ottt sttt ettt sbe e b e 10
4.2.6 REAI-IME PCR ...ttt sttt be e sae e 11

DL RESUIT. .ttt bbbttt bt ettt 12
5.1 Anthocyanin concentration and accumulation Pattern. ..........cccceeeveiieeeceseece e 12
5.2 Temperature effect on anthocyanin CONCENIatioNS. .........cccceeeieieeecrieeece e 15
5.3 Analysis of candidate RNA isolation method from peel of pepper fruits. ......c.ccceevevivecveverenen. 16
5.4 Validation Of referenNCe GBNE .....oceeiiiieeeceee ettt re e neeneas 18

B. DIHSCUSSION ...ttt ettt ettt et b et bbbt e bt st e bt et bt nteseeb ettt eb et ne 19
6.1 The accumulation pattern of anthocyanins in different pepper genotypes. .......ccoveveeeevevveerenen. 19
6.2 Temperature effect on anthoCyanin CONENT ..........ccovveiererieeseeee s 20
6.4 Expression of a candidate gene in different genotYPeS. .....cceeeeveeierieeereseee e 21

7. CONCIUSTON ...ttt ettt ettt sa et b et b e bt 22
8. FUMNET PrOSPECHIVE.....ctiitieie ettt ettt ettt ettt e s te e et e e te et e s be et e s beebeenbesbeessenbeessensasbeessestessnens 23
8.1 Research on anthocyanin degradation ...........ccoeeeeoerieenen et 23
8.2 Research on the antioXidant SUPEIIONILY ......ceecueeeeiiiiieiere ettt sae e eneas 23
8.2 Selection of RNA eXtraCtion Kil..........ccccciieiniiiniinieinceeieeeeee et 23

9. RETEIBNCE ...ttt ettt b et b bbbttt 24
O o] o<1 T | GRS 27



Appendix 1:
Appendix 2:
Appendix 3:
Appendix 4:
Appendix 5:
Appendix 6:
Appendix 7:

List of samples used for metabolomics analysis..........cceeereeeerereesnneeee e 27

Correlation between RGB and TAC in CGNL6951 .........cccoveiveiinenininecreenecnienens 28
Correlation between RGB and TAC in CGN23223 ..........ccooevmiinennenicreenieeneens 29
Correlation between RGB and TAC in YUNIL2.......cccooveiririninineeeeeeceese e 29
Correlation between RGB and TAC Of YUNI24 ......ccooveiiirinereeeeeeeeeese e 30
Matured red fruits of CGN22179 from 10 °C and 30°C treatment. .........c.cccccevvevruenenee 30
RNA gel of tequilla samples with DNase-1 treatment after CTAB method ................ 31

Appendix8: RNA gel of Tequilla samples with DNase-1 treatment after GenElute Mammalian RNA

Kit method..

Vi



1. Introduction

Bell pepper (Capsicum annum L.) is one of the important vegetable consumed worldwide for its healthy
reserves like vitamins, carotenoids and flavonoids (Ghasemnezhad et al., 2011). Bell peppers are
available in various colours in the market. The variation in the colour is due to accumulation of different
colour pigments. Some bell pepper species have immature purple fruits, which later turn to red colour.
The purple colour is provided by the accumulation of anthocyanin (Borovsky et al., 2004). But, these

immature purple fruits are not preferred by the consumers due to poor taste.

Anthocyanins are derivatives of flavonoid pathway which is one of the major secondary metabolites and
protect plants from biotic and abiotic stresses, other than stress protection, they are also helpful in
attracting pollinators and seed dispersers (Harborne & Williams, 2000; Hoballah et al., 2007). Plants
under biotic and abiotic stresses synthesis more anthocyanins to scavenge Reactive Oxygen Species
(ROS) produced under stress conditions (Ahmed et al., 2015). Anthocyanins are beneficial for humans
as well, because of their antioxidant properties which could potentially prevent people from free radicals
and harmful diseases like cancer, cardiovascular and even neurodegenerative problems (Materska &
Perucka, 2005). Additional to health benefits, the concentration of anthocyanins determines the
postharvest quality of several flowers, fruits, and vegetables (Tanaka & Ohmiya, 2008), which created
a keen interest for researchers to study more in detail about the anthocyanins also for breeders to produce

anthocyanin-rich crops for the market.

The accumulation of anthocyanins in pepper fruits is determined by two processes which include
biosynthesis and degradation of anthocyanins. The process of biosynthesis has been well studied in
many model plants like Maize, Petunia, Snapdragon, and Arabidopsis. But, only a few studies have
been done in bell pepper to know how the metabolic pathways are controlled and what is the pattern of
gene expression. Very less information is available on the degradation process and no proper mechanism
was explained on degradation. Previous study Liu, Y. (2016) investigated on anthocyanin accumulation
pattern and candidate gene expression in purple-fruited genotype cv. Tequilla. So far, delphinidin
derivatives are the only forms of anthocyanins detected in the peppers (Arboretum, & Human, 2018;
Lightbourn et al., 2008; Sadilova et al., 2006; Vega, 2013).

1.1 Anthocyanin biosynthesis

The transient accumulation of anthocyanin is due to anthocyanin biosynthesis, the rate of degradation
and stability in the vacuoles (Fang et al., 2015). Additionally, the stage of crop development and crop
production environment will have a significant influence on the concentration of anthocyanins. From
the results of Liu, Y. (2016), anthocyanin accumulation pattern was first increased until stage five (big
purple) and then decreased from stage six (purple to red) in purple-fruited genotype cv. Tequilla. In
young green fruits, no purple pigmentation was observed. Dark purple pigmentation was noticed in

immature purple fruits with high levels of anthocyanin concentration denoting dark purple colour in the
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pericarp of the fruit is due to the accumulation of anthocyanins. In turning stage fruits the disappearance
of purple colour and reduced anthocyanin concentrations can be by suppression of biosynthesis and
induced degradation of anthocyanin in the purple fruits of cv. Teqilla genotype. Anthocyanin
biosynthesis is a branch way of flavonoid pathway (Petroni & Tonelli, 2011). The structural and
regulatory genes of anthocyanin biosynthesis have been very well characterized in many model plants
like maize, Arabidopsis, and Petunia (Petroni & Tonelli, 2011). Three crucial transcription factors
namely R2R3-MYB, bHLH and WDA40 are found interesting for modulating the expression of structural
genes for anthocyanin biosynthesis (Tanaka & Ohmiya, 2008). An MYB-bHLH-WD40 (MBW)
transcriptional complex can be formed by combining R2R3-MYB and bHLH with WDA40 proteins to
activate the transcription of biosynthetic genes (Oa et al., 2011; Petroni & Tonelli, 2011). The schematic
representation of anthocyanin biosynthesis and the enzymes involved is shown in (Figure 1). From the
previous study, delphinidin-3-coumaroyl-rutinoside-5-glucoside and delphinidin-3-caffeoyl-rutinoside-

5-glucoside are the only form of anthocyanins observed in the purple pepper fruits Liu, Y. (2016).
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Figure 1: Anthocyanin biosynthetic pathway: CHS, chalcone synthase; CHI, chalcone isomerase;
F3H, flavanone 3-hydroxylase; F3’H, flavonoid 3’-hydroxylase; F3’5’H, flavonoid 3°,5’-hydroxylase;
DFR, dihydroflavonol 4-reductase; ANS, anthocyanidin synthase; UFGT, flavonoid 3-O-
glucosyltransferase. Modified from (Liu et al., 2018; Petroni & Tonelli, 2011).



1.2 Anthocyanin degradation

In contrast to anthocyanin biosynthesis, degradation of anthocyanins is less understood. In plants,
anthocyanin degradation occurs by regulation of specific genes and proteins in relation to growth and
development of the plant (Oren-Shamir, 2009). In matured red fruits of purple-fruited genotype cv.
Tequilla, the disappearance of purple colour might be due to continuous anthocyanin degradation
process and termination of biosynthesis Liu, Y. (2016). The degradation process in plants is mainly
contributed by three enzyme families namely, peroxidases (POD), polyphenol oxidases (PPO) and B-
glucosidases (Oren-Shamir, 2009). From the previous study in purple pepper genotype, a candidate
degradative gene POD (CA02g17240) expressed ubiquitously in the fruits, whereas, the expression of
biosynthetic genes was shut down during the ripening stage. It indicates that disappearance of purple
colour in mature ripening fruits might result from the termination of anthocyanin biosynthesis and
continuous degradation process.

Several enzymatic and non-enzymatic factors influence the anthocyanin degradation, the enzymatic
degradation is affected by oxidative enzymes peroxidases and polyphenol oxidases. The first active
anthocyanin degradation in plants was reported in Brunfelsia calycina flowers. A class Il peroxidase
BcPrx01 was found responsible for the degradation of anthocyanins in B. calycina (Zipor et al., 2015).
Three major enzyme families namely peroxidases or polyphenol oxidases and p-glucosidase proposed
to be responsible for the degradation of anthocyanins in final ripening stages of blood orange and litchi
fruits (Barbagallo et al., 2007; Zhang et al., 2001; 2005). Oren-Shamir (2009) proposed pre-assumed
degradation mechanisms by three candidate enzyme families. The first mechanism is direct oxidation of
anthocyanins by peroxidase enzyme. The second is a coupled oxidation process where p-glucosidase
catalyses the anthocyanins and make a readily available form on anthocyanins by breaking the glycosidic
bond, later oxidation of anthocyanin takes place by polyphenol oxidase or peroxidase enzyme (Fang et
al., 2015; Oren-Shamir, 2009). Assuming in plants anthocyanin degradation takes place in cell vacuoles
by oxidising enzymes mainly peroxidase that present in vacuoles than other enzymes located elsewhere.
In the flower petals of B. calycina the increased total peroxidase activity was in correlation with
anthocyanin degradation suggesting that peroxidases were responsible for degradation of anthocyanins
(Vaknin et al., 2005). Non-enzymatic factors can also influence the colour and stability of anthocyanins
by enhancing their vulnerability to enzymes that degrade anthocyanins. The colour and stability of
anthocyanins are determined by the structure of anthocyanin. Increased hydroxylation of B-ring results
more purple colour with unstable anthocyanins (Oodward et al., 2009). Glycosylation at C3 increases
the stability of anthocyanins along with colour shift slightly towards red and acylation increases the

stability also the colour shifts from red to blue (Lachman & Hamouz, 2005).
1.3 Temperature effect

Environmental factors such as high irradiation, UV/blue light and temperature can influence the

metabolism of anthocyanin (Jiang et al., 2016). Temperature is one of the major factors determining the



anthocyanin metabolism. It is well demonstrated that anthocyanin concentration is temperature and light
dependent in the leaves of Arabidopsis thaliana. High temperature resulted in the loss of red colour in
the leaves of overexpressed PAP 1(Production of anthocyanin pigments 1) transcription factor. The
disappearance of colour at high temperature is due to down-regulation of biosynthesis and degradation
of existing pigments (Rowan et al., 2009). The down-regulation of biosynthesis have been noticed within
24 hours and the degradation of existing pigments have been seen over a period of 6 days with the
disappearance of red pigmentation and decrease in the concentration of anthocyanins by a combination
of both anthocyanin degradation and the inhibition of transcription (Rowan et al., 2009). Other than
leaves, the effect of temperature on the anthocyanin concentration is also seen in fruits of red pear and
apple. An increased temperature 35°C resulted in preharvest degradation of anthocyanins in pears and
apples (Huysamer. M, 1998). The effects on anthocyanin composition and the gene expression levels in
response to high temperature were studied in Vitis vinifera L. cv. Sauvignon. The fruits from the high-
temperature treatment (35°C) showed a reduced level of total anthocyanin content compared to control
(25°C) (Mori et al., 2007). The reduction of anthocyanin content is due to enzymatic degradation of
anthocyanin. Under high temperature in grapes induced activity of genes encoding peroxidases and
oxidoreduction enzymes was observed by oxidative stress, thus how the degradation of anthocyanin
occur in the skin of grape berries (Mori et al., 2007). In Vitis vinifera L. cv. Sangiovese the effect on
anthocyanin in relation to two temperature treatments, low (20 and 29°C) and high (22 and 36°C)
temperatures, were studied. In high-temperature treatment, the anthocyanin biosynthetic processes were
suppressed both at the transcriptional and enzymatic levels, with increased activity of peroxidase
enzyme VViPrx31 (Movahed et al., 2016). This suppression is due to the combined impact of reduced
biosynthesis and increased anthocyanin degradation (Movahed et al., 2016). To check the effect of
VViPrx31 on anthocyanin accumulation in other species, the VviPrx31 was overexpressed under stress
condition in Petunia petals (Petunia hybrida E.Vilm.). Results showed VviPrx31 was involved in the
anthocyanin degradation. At high temperatures peroxidase activity is stimulated and thus degradation

on anthocyanins is seen in ripening grape berries (Movahed et al., 2016).

1.4 RNA isolation

Extraction of quality RNA from fruit tissues rich in secondary metabolites is complicated especially
from pepper fruits compared to other Solanaceae family crops. The quality of RNA is essential for gene
expression studies, no proper RNA isolation technology is available for pepper fruit tissues. From the
past experiences from our group no standard protocol is available for extraction of quality RNA. So, we
compared two RNA isolation techniques, CTAB miniprep method and GenElute Mammalian Total
RNA miniprep kit for total RNA isolation with few modifications in the protocol. The differences in the
quality of total RNA was analysed by measuring the RNA with Nanodrop spectrophotometer and gel

electrophoresis.



2. Research Aim

The aim of this study is to investigate metabolic profile and mechanism of anthocyanin degradation in
pepper fruits to provide insight into the process of anthocyanin metabolism during fruit ripening. And

to examine proper protocol for RNA isolation in pepper fruits.



3. Research questions and hypothesis
1. What is accumulation pattern of anthocyanins in pepper fruits different genotypes during fruit

ripening?

In fruits, colour is due to the accumulation of a different group of pigments such as anthocyanins,
carotenoids etc. The purple-fruited genotypes are mainly the due to the presence of anthocyanins
whereas, the fruit colour in purple-fruited genotype changes during the fruit development from green to
purple and then to red/orange/yellow/brown colour. From the previous study, it is confirmed that in cv.
Tequilla, the anthocyanin concentration first increased and then decreased during fruit ripening Liu, Y.
(2016). The intensity of fruit colour is associated with concentrations of anthocyanins in purple pepper
cv. Tequilla.

Hypothesis 1: The anthocyanin accumulation pattern might first increase and then decrease
during fruit development of purple fruited genotypes and no anthocyanin accumulation may see

in green fruited genotypes.
2. What is the effect of temperature on anthocyanin accumulation?

Besides developmental stages, environmental factors can also influence the anthocyanin content, in
which temperature is one of the principal factors. At low temperature, the anthocyanin content increases
by induction of anthocyanin biosynthesis (Qiu et al., 2016). Whereas at high temperature, the

anthocyanin content decreased by induction of peroxidase activity in grapevine (Movahed et al., 2016).

Hypothesis 2: The anthocyanin concentration will be high in the fruits at low-temperature 10°C
compared to fruits in high-temperature 30°C.

3. What is the best method for RNA isolation from pepper fruit tissues?

Extraction of quality RNA from fruit tissues rich in secondary metabolites is complicated especially
from pepper fruits compared to other Solanaceae family crops. The quality of RNA is essential for gene
expression studies, no proper RNA isolation technology is available for pepper fruit tissues. We compare
two RNA techniques CTAB miniprep and GenElute Mammalian Total RNA miniprep kit for total RNA
isolation with few modifications in the protocol. Assuming good quality of RNA will be harvested from
mammalian kit compared to the CTAB method because the isolation procedure for CTAB is very
lengthy also several rounds of washings are involved this might result in degradation of total RNA at
the end.

Hypothesis 3: The quality of RNA from the mammalian kit will be better compared to RNA from
CTAB method.

4. Can a f-Actin gene be the good reference gene for different peppers? What is the expression pattern

of B-Actin in bell peppers with different isolation methods?



Hypothesis 4: The expression level of reference gene (5-Actin) will be same in all samples and Ct

values might be within once cycle difference.

4. Material and methods
4.1 Plant materials

Eight pepper genotypes were used in this study. Fruits from respective genotypes were harvested from
the plants growing in the greenhouse (Unifarm 10.10) with standard cultivation procedures under natural
light conditions. The genotypes vary from each other in colour and size, from green, purple, black,
yellow, orange, and red and small round, long slender medium and big round. Fruits with different
developmental stages were harvested from respective genotype and individual plant. Fruit stage was
determined based on size, colour, and firmness. Fruits from four plants of each genotype were harvested
and peel was separated from the flesh, collected in 25ml flat base polystyrene tubes. The list of pepper
genotypes, number of plants, developmental stages and type of sample used for metabolomics analysis
(Appendix 1). In total 163 fruit samples, frozen with liquid nitrogen were ground into fine powder with

the help of IKA A1l basic. The powder samples are labelled and stored at -80°C for further analysis.

4.2 Methods
4.2.1 Metabolomic analysis (Extraction and analysis of Anthocyanins)

The 163 powder samples were pooled into 90 samples by combing samples from plant one and three as
one replicate and two and four as another replicate. Frozen ground samples were separately weighed 0.3
grams (0.15 grams from each plant) for each sample by using analytical balance and taken
into 2ml Eppendorf tube. In total 96 samples were prepared for anthocyanin extraction of which six was
standard samples from an old tequilla purple fruit. For extraction of anthocyanins a composition of 99%
methanol and 1% formic acid was prepared with 300 ml of 100% methanol and 3 ml of formic acid
mixed in a 500ml glass bottle. Then 0.7 ml of chemical solution with 99% methanol and 1% formic acid
added to 0.3 grams of powder sample in 2 ml Eppendorf tube. Same was done for all the 96 samples
and then tubes were shaken for five minutes for the complete dissolving of powder sample in solution.
Later these tubes were kept in the ultrasonicate bath for ten minutes. Then centrifuge samples at 13330
rfx for 10 minutes, then extracts were transferred to AcroPrep filter plate (Figure 2) 1ml, by using BI1O-
RAD vacuum control where the samples were filtered with 0.2 um PTFE membrane filter. The filtered
sample was collected at the bottom plate. The extracts were further analysed by using liquid
chromatography-mass spectrometry (LC-MS) as per the protocol and anthocyanins were observed by
the absorption spectrum at a wavelength of 520 nm and molecular weight of observed anthocyanins
(Wahyuni & Yury, 2013).



Figure 2: AcroPrep filter plate with 1ml filtrate extract sample mix.

4.2.2 Temperature experiment

To study the effect of temperature on anthocyanin concentration we planned an experimental set up with
four pepper genotypes, cv. Tequilla, CGN22179, CGN23272 and cv. Black pearl with two temperature
treatments 10°C and 30°C and relative humidity (RH) as 100%. To create a standard environment, white
rectangular ribbed containers 400 x 267 mm were used with a filter paper inside to hold the moisture
and aluminium foil container 150 x 70 mm to place the fruits and box is closed with a perforated plastic
lid. Containers were labelled, later two fruits from respective genotypes of individual plants with
different developmental stages were harvested from the greenhouse (Unifarm 10.10) and distributed into
respective containers. Before storing the filter, papers were moisture to maintain the desired RH nearly
100%. The boxes were stored one in 10°C and 30°C from each plant of each genotype to compare the
differences between two treatments regarding colour change and anthocyanin concentration. Images
were taken on every alternative day to record visual differences in colour change. Damaged and fungus
infected fruits were replaced with fresh fruits and moisture level of filter paper was checked regularly.
The same process was continued for at least 10-14 days; storage time depends on the developmental
stages and genotypes. After the storage peel was separated from flesh then frozen in liquid nitrogen and

stored at -80°C for later use.

4.2.3 RNA extraction by the CTAB miniprep method

The isolation procedure was followed as per the protocol of CTAB miniprep for RNA with some
modifications with same materials used for metabolomic analysis. Firstly 10 ul of 2-Mercaptoethanol is
added to 900 pl of CTAB buffer (1 reaction) and 1ml of solution mix was taken into 2ml Eppendorf
tube. Approximately 150 mg of powder sample was added to the tube and mixed thoroughly until the
powder sample is completely dissolved in liquid. Then 500 pl of chloroform was taken into Eppendorf



tube shake well and vortex for two minutes at 14,000 X g. Transfer the upper phase of the solution to a
new tube and again add (1chloroform:2upper phase solution) ratio of chloroform shake it and spin again.
Transfer the upper phase to a new tube and add (1:1) ratio of isopropanol for precipitation of DNA and
RNA and then spin the tubes for 15 minutes at room temperature at 3600 rpm. Discard the solution from
the tube without disturbing the pellet at the bottom of the tube. Wash the pellet with 1ml of 70% ethanol
and spin for 5 minutes at 14,000 X g. Discard the solution and dry the pellet at 37°C for 3-5 minutes.
Dissolve the pellet with 200 ul of MilliQ and add 70 pul of 8M lithium chloride solution and precipitate
it for 20 minutes at -20°C. Spin the tubes for 30 minutes at 4°C at 3600 rpm. The supernatant contains
genomic DNA. Transfer or discard the supernatant and wash the RNA pellet briefly with 1ml of 70%
ethanol and spin for 5 minutes at 14,000 X g. Discard the supernatant and dry the pellet and then dissolve
the pellet in 80 pl of DNase buffer plus MilliQ (90 percent of MilliQ in 9 percent of buffer), add 20 ul
of DNase enzyme and incubate at room temperature for 15 minutes. RNA clean-up procedure was done
according to the protocol of QIAGEN RNeasy mini kit. To continue with clean-up procedure, the sample
volume should be of 100 pl if not adjust the volume to 100 pl by adding RNase-free water and add 350
ul of RLT buffer (Lysis buffer) and mix well. Add 250 ul of (96-100%) ethanol and mix well only by
pipetting. Transfer the (700 pl) solution into an RNeasy mini spin column with 2ml collection tube
(pink) and centrifuge for 15 seconds at > 8000 x g speed. Discard the flow through and add 500 ul of
RPE buffer (Washing buffer) and centrifuge for 15 seconds at > 8000 x g speed. Discard the flow through
and repeat the step by spinning for 2 minutes at same speed. Make sure that no liquid remains in the
RNeasy spin column if necessary spin again for 1 minute. Transfer the RNeasy spin column to the 1.5ml
collection tube and add 30-50 ul of RNase-free water directly on the spin column membrane and spin it
for 1 minute at > 8000 x g speed. The concentration and quality of eluted RNA were measured by using
Nanodrop Spectrophotometer. The quality of RNA is confirmed by gel electrophoresis with 1.5% of
TAE buffer and ethidium bromide as fluorescent tag. Gel preparation: To make sure that working in a
cleaned RNase free condition whole procedure was worked in a clean environment. Autoclaved TAE
buffer was used, gel plate, trays and combs were soaked overnight in the soap solution and rinsed with
MilliQ water to get rid of RNases that can degrade RNA. Working sample preparation: 200 ng/ul RNA
samples were prepared with a total volume of 10 ul includes 8 ul of RNA plus MilliQ and 2 pl of
loading dye and run on the gel with 1kb marker ladder. The samples with good quality RNA were

labelled and stored in -80°C for further studies.

4.2.4 RNA extraction with GenElute Mammalian Total RNA miniprep kit (SIGMA-
ALDRICH)

Firstly, 10 ul of 2-mercaptoethanol was added to 1ml of lysis solution. Transfer 500 ul of solution mix
to 2ml Eppendorf tube and add up to 40 mg of powder sample and mix by vortex until the powder
sample is completely dissolved. Transfer the 500 ul of lysate to filtration column (blue) with 2ml

collection tube and spin for 2 minutes at 14,000 X g. Discard the filtration column and add 500 pl of



70% ethanol into the collection tube and mix thoroughly by pipetting. Transfer up to 700 ul of lysate
mixture to binding column (Red) with a 2ml collection tube and spin for 15 seconds at 14,000 X g.
Discard the flow through and repeat with the remaining lysate mixture. On-Column DNase | digestion
was prepared by mixing 10 pl of DNase I with 70 ul of DNase Digest buffer for each reaction mix only
by using pippet. Add 80 pl of reaction mix directly on to the binding column and incubate at room
temperature for 15 minutes. Wash the column with 250 pl of wash solution 1 and spin for 15 seconds at
14,000 X g speed. Transfer the binding column to the new 2ml collection tube and wash the column
with 250 pl wash solution 1 and spin for 15 seconds at 14,000 X g. Discard the flow through and wash
the binding column with 500 ul of wash solution 2 and spin for 15 seconds at 14,000 X g. Repeat the
step now spin for 2 minutes at 14,000 X g make sure that the membrane is free from ethanol repeat the
spin for 1 minute if necessary. Transfer the binding column to the 1.5ml new collection tube and add 50
ul of the eluting solution to harvest total RNA from membrane and spin for 1 minute. The concentration
and quality of eluted RNA were measured by Nanodrop Spectrophotometer. The quality of RNA is
confirmed by gel electrophoresis with 1.5% of TAE buffer and ethidium bromide as fluorescent tag.
Later the good quality RNA samples were frozen in liquid nitrogen and stored at -80°C for further

studies.

4.2.5 cDNA synthesis

To perform the gqRT-PCR, RNA should be converted into complementary DNA (cDNA). We used
Tagman® Reverse transcription reagents kit. First, thaw the reagents on ice and prepare the master mix
according to the guidelines given in kit (Table 1). Add the RNA sample, seal and incubate the reactions
in a thermal cycler as following 25°C for 10 minutes (Annealing of primer), 48°C for 30 minutes
(Extension) and 95°C for 5 minutes (Deactivating the RT enzyme). The final obtained reaction is 20 ng
cDNA/UL with a volume of 50 pl and stores the samples at -20°C for further studies.

Table 1: Reverse transcription reaction mixture

Materials Quantity (ul)
10* Tagman RT buffer 5

Mg cl2 11
dNTP mix 10
Oligo dT 2.5
RNase inhibitor 1
MultiScribe rev. Transcriptase 1.25
RNA (1ng) X
MilliQ 19.25-X
Total volume 50

10



4.2.6 Real-time PCR

The amplification of cDNA by Real-time PCR was performed according to the protocol of gRT-PCR.
Touch Deep Well TM thermal cycler (BIO-RAD Touch deep well TM Real-time PCR system) is used
in our laboratory. The RT-PCR mix was prepared as per the guidelines of protocol shown in (Table 2).
For each sample two technical replicates were prepared and water is used for non-template control
(NTC). p-actin is used as a reference gene and the delta Ct values of reference gene were calculated in
Microsoft Excel 2016.

Table 2: Preparation of RT-PCR mixture for Duplo.

Materials Volume (pl)
2*iQ SYBR GREEN super mix 22
MilliQ 11
Forward primer (3puM) 4.4
Reverse primer (3uM) 4.4
cDNA (10ng/pl) 2.2
Total volume 44
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5. Result

5.1 Anthocyanin concentration and accumulation pattern.

The results of our study identified two anthocyanins. Delphinidin-3-coumaroylrutinoside-5-glucoside
(D-CmRut-G) was identified at a retention time of 18.07 minutes with a mass of m/z [M-H] 917.2363.
Delphinidin-3-caffeoylrutinoside-5-glucoside (D-CfRut-G) was identified at a retention time of 15.67
with a mass equal to m/z [M-H] 933.2306. From the results of LC-MS the concentration and
accumulation pattern of anthocyanins is also known. In purple capsicum genotypes cv.Tequilla,
CGN22179 and CGN23273 the accumulation pattern of D-CmRut-G and D-CfRut-G was first increased
and then decreased during the fruit development (Figure 3A, B and C). The concentration of D-CmRut-
G was highly measured in dark purple fruits; the amount is increased from stage two to stage five. No
significant difference was observed in quantity of D-CmRut-G in cv. tequilla between stage two to five
and in stage six and seven the concentration was reduced (Figure 3A, B and C). Whereas the amount of
D-CfRut-G was significantly increased from stage 4 and reached a maximum at stage five and later
decreased in stage six and seven. No change in the concentration of D-CfRut-G in CGN22179 at stage
four and five. However, in purple pepper fruit of CGN16951 (Figure 3D), the accumulation pattern of
D-CmRut-G was gradually decreased from the first stage to the sixth stage but differences were observed
only from stage three to six and the concentration of D-CmRut-G was similar in stage one and two. The
concentration of D-CfRut-G was very low in all stages and similar to the concentrations of green fruit
genotypes. In cv. Black pearl the concentration of D-CmRut-G was decreased from stage one to three
and very low concentration of D-CfRut-G was observed in all three stages (Figure 3E). The
accumulation pattern of D-CmRut-G in CGN23223 was increased in stage two and decreased from stage
three to five. No significant changes in the quantity of D-CfRut-G were observed and the concentration
was very low and it remained constant in all the stages (Figure 3F). No significant level of D-CmRut-
G and D-CfRut-G was observed in control green-fruited genotypes Yunil2 and Yuni24 (Figure 3G and
3H).

The results of the metabolic analysis showed anthocyanins highly accumulated in dark purple colour
pericarp samples it’s interesting to study the relation between pericarp colour and anthocyanin
concentration. A correlation study was done between RGB of the fruit and total anthocyanin content
(TAC) a strong correlation was seen in purple-fruited genotype cv. Tequilla, cv. Black pearl and
CGN22179 with R? of 0.83 (Figure 4), 0.86 (Figure 5) and 0.69 (Figure 6). Very poor correlation was
seen in CGN16951the R? was 0.24 (Appendix 2) and no correlation was observed in CGN23223 with
an R?of 0.0 (Appendix 3). A moderate correlation was present in Yunil2 with an R? of 0.56 (Appendix

4) and very poor correlation was seen in Yuni24 with R? of 0.21 (Appendix 5).
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Figure 3: Accumulation pattern of anthocyanins in peppers:

On X-axis ripening fruit developmental and absorbance unit per gram on Y-axis. The developmental stages
of individual genotypes are as follow, cv. Tequilla, CGN22179, CGN232731-Small green, 2- Green to
purple, 3- Small purple, 4-Medium purple, 5- Big purple, 6- Purple to red, 7- Red. CGN16951 1- Small
purple, 2- Medium purple, 3- Big purple, 4- Purple to white, 5- Purple to yellow, 6- Orange 7- Red. Cv.
Black pearl 1-Small black, 2- Big black, 3- Red. CGN23223 1- Small green, 2- Small black, 3- Big green,
4- Green, 5- Brown. Yunil2 1- Young green, 2- Green, 3- Turning, 4- Red. Yuni24 1- Small green, 2-
Medium green, 3- Big green, 4- Matured green, 5- Brown.
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Figure 4: Correlation of fruit colour and total anthocyanin content (TAC) in cv.
Tequilla: On Y-axis average RGB values of fruit colour and X-axis indicates the TAC
absorbance unit per gram. The numbers on the trend line denotes ripening stages of
fruit as follow, 1-Small green, 2- Green to purple, 3- Small purple, 4-Medium purple,
5- Big purple, 6- Purple to red, 7- Red.
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Figure5: Correlation of fruit colour and Total anthocyanin content (TAC) in cv. Black
pearl: On Y-axis average RGB values of fruit colour and X-axis indicates the TAC
absorbance unit per gram. The numbers on the trend line denotes ripening stages of fruit
as follow, 1-Small black, 2- Big black, 3- Red.
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Figure6: Correlation of fruit colour and Total anthocyanin content (TAC) in

CGN22179: On Y-axis average RGB values of fruit colour and X-axis indicates the

TAC absorbance unit per gram. The numbers on the trend line denotes ripening stages

of fruit as follow, 1-Small green, 2- Green to purple, 3- Small purple, 4-Medium

purple, 5- Big purple, 6- Purple to red, 7- Red.
5.2 Temperature effect on anthocyanin concentrations.
This experiment was designed to study the effect of temperature on anthocyanin degradation. Two
temperature treatments were established with three pepper genotypes described in materials and
methods, their physical changes in the colour of the fruit were compared between two treatments with

respective genotypes at different developmental stages.

In cv. Tequilla stage five (Big purple) fruits at 10°C after five days the fruits remain freshed with no
colour difference (Figure 7A), but from 30°C after five days the fruit colour was changed, the fruit colour
completely turned to red from purple (Figure 7B). Whereas in another capsicum genotype CGN22179
showed the same result with stage four (medium purple) fruits. No difference in the colour of fruits was
observed in case of 10°C treatment even after twenty days (Figure 7C), but a complete turnover of fruit
colour from purple to red was observed from 30°C treatment after two weeks (Figure 7D). In lateral
stage (Red) the fruits remained same even after twenty days, no changes were observed from 10°C
treatment. Whereas in 30°C fruit cracks, fungus growth and colour changed to dark red (Appendix 6).
Same results were observed in fruits of CGN23273 and in black pearl, no differences in fruit colour
were seen at 10°C even after two weeks but, at 30°C the fruits entirely turned to red from purple and

few fruits showed the rotting and fungus growth symptoms.
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5.3 Analysis of candidate RNA isolation method from the peel of pepper fruits.

This section identifies the candidate RNA isolation method from fruit tissues of pepper by comparing
the three extraction procedures such as CTAB miniprep method and GenElute Mammalian Total RNA
miniprep kit (SIGMA-ALDRICH). The results of the gel indicate it is possible to extract RNA by using
the CTAB miniprep method, but the quality of the RNA is not up to the desired level for gene expression
studies. Because for many samples the intensity of bands is not uniform and few samples of RNA was
degraded (Figure 8). Compared to CTAB gel results the RNA from GenElute Mammalian Total RNA
miniprep kit the quality of RNA is good with uniform intensity in bands for many samples and no RNA
degradation was observed for Tequilla samples (Figure 9). Compared with cv. Tequilla, the quality of
total RNA regarding band intensity was not uniform in case of CGN22179 and Yuni 24 (Figure 10).

Figure5: Temperature effect on anthocyanin degradation:
A. Cv.Tequilla Big purple from 10°C treatment. B.
Cv.Tequilla Big purple from 30°C treatment. C. CGN22179
Medium purple from 10°C treatment. D. CGN22179
Medium purple from 30°C treatment.
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Figure 6: RNA gel for tequilla samples extracted by CTAB method: Left side 1Kb DNA ladder,
RNA samples of different developmental stages. The sample codes represent as follow SG-Small
green, GP-Green to purple, SP-Small purple, MP-Medium purple, BP-Big purple, PR- Purple to red,
R- Red.
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Figure 7: RNA gel for tequilla samples extracted by mammalian kit method: Left side 1Kb DNA
ladder, RNA samples of different developmental stages. The sample codes represent as follow SG-
Small green, GP-Green to purple, SP-Small purple, MP-Medium purple, BP-Big purple, PR- Purple
to red, R- Red.
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Figure 8: RNA gel of CGN22179 and Yuni24 samples extracted by mammalian kit method: Left
side 1Kb DNA ladder, RNA samples of different developmental stages. The sample codes represent
as follow SG-Small green, GP-Green to purple, SP-Small purple, MP-Medium purple, BP-Big
purple, PR- Purple to red, R- Red and SG- Small green, MG-Medium green, BG-Big green, MG-
Matured green and B-Brown.
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5.4 Validation of reference gene

In our study p-actin is used as a reference gene and the Ct values determined the expression of g-actin
in three pepper genotypes and comparison between Ct values of cv. Tequilla from CTAB method and
Mammalian kit. Most of the samples showed a stable expression but the Ct values were not within one
cycle difference in three genotypes (Ct = 21.96 + 0.67). However, the delta Ct values were not as we
expected they differ in each genotype (Table 3). A good reference gene should be within one cycle
difference. Therefore, the S-actin cannot be used as a housekeeping gene for gene expression studies.

Table 3: Delta Ct values of a reference gene in three genotypes.

Genotype Extraction method Del.ct values
Tequilla CTAB 2.74
Tequilla Mammalian kit 3.49
CGN22179 Mammalian kit 1.95
Yuni24 Mammalian kit 1.99
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6. Discussion

The accumulation of anthocyanins in pepper fruits is mainly by two processes, namely anthocyanin
biosynthesis and their degradation during the fruit ripening stages. The structure and metabolic profile
of anthocyanins in peppers are studied. In this section, the concentration and accumulation pattern of
anthocyanins in different pepper genotypes, the effect of temperature on anthocyanin degradation, the
RNA extraction methods and the test for a reference gene were discussed.

6.1 The accumulation pattern of anthocyanins in different pepper genotypes.

In peppers so far only two forms anthocyanins, delphinidin derivatives, were observed which are
delphinidin-3-caffeoyl-rutinoside-5-glucoside and delphinidin-3-coumaroyl-rutinoside-5-glucoside
(Arboretum, & Human, 2018; Lightbourn et al., 2008; Sadilova et al., 2006; Vega, 2013). The
anthocyanins were observed only in purple peel tissues, indicating that anthocyanins are responsible for

purple colour and only accumulated in the pericarp of the fruit.

The accumulation pattern is first increased and then decreased in cv. Tequilla, CGN22179 and
CGN23273 genotypes. Anthocyanin concentration is increased in early immature fruits and then
decreased in matured ripening fruits of cv. Tequilla, CGN22179, CGN23273 and CGN16591 genotypes.
But in case of control green fruit genotypes Yuni 12 and Yuni 24 no significant levels of anthocyanins
were observed, the results were in agreement with our Hypothesis 1: The anthocyanin accumulation
pattern might first increase and then decrease in the matured ripe fruits of purple fruited
genotypes and no anthocyanin accumulation may see in green fruited genotypes. The concentration
and stability of anthocyanins can be influenced by developmental stages. From the previous study Liu,
Y. (2016), the results of anthocyanin accumulation were similar with (Borovsky et al., 2004), indicating
that reduced level concentrations during ripening are by anthocyanin degradation. Liu, Y. (2016),
mentioned the expression of candidate biosynthetic genes were stopped before turning stage and
candidate degradative gene POD CA02917240 encodes with peroxidase to degrade anthocyanin. From
our results the concentration of anthocyanins was increased in early fruit stages and reduced during
ripening stages. The hypothesized mechanism is as follows. The high level of anthocyanin concentration
in early stages might be due to induced biosynthetic processes whereas, the decreased concentration of
anthocyanins in later stages might be induced degradation and inhibition of biosynthesis leads to
discolouration of fruit. The concentration of anthocyanins is associated with fruit colour as the
concentration was increased with the increased intensity of the purple colour and decreased with the

colour change from purple to red.

In our study, we tried to correlate the anthocyanin concentration with RGB (average of red, green and
blue) in order to find a non-destructive method to quantify anthocyanin concentration. The correlation
results were not clear to use the non-destructive to correlate colour with anthocyanin content because

the correlation was only seen in three genotypes. Also, a moderate correlation was observed in control
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green-fruit genotype Yunil2 which cannot be true as the anthocyanin concentration levels was very low

from metabolomics data.
The relation between coumaroyl and caffeoyl

Delphinidin-3-coumaroyl-rutinoside-5-glucoside and delphinidin-3-caffeoyl-rutinoside-5-glucoside are
the major forms of anthocyanins observed in purple peppers. In purple peppers delphinidin-3-
coumaroyl-rutinoside-5-glucoside acylated by p-coumaroyl acid represents about 90-95 % of total
anthocyanin content followed by delphinidin-3-caffeoyl-rutinoside-5-glucoside (Sadilova et al., 2006).
Hydroxycinnamic acids are non-flavonoid phenolics which are abundant in plants characterized by C6-
C3 structures, helps the plants in defence strategy. The cinnamic acid derivatives are present in several
fruits and vegetables, p-coumaric acid and caffeic acid are most commonly present in Solanaceae crops
associate with antioxidant activity. P-coumaric acid is synthesized from the cinnamic acid by 4-cinnamic
acid hydroxylase (C4H) enzyme. Later the p-coumaric acid is converted to caffeic acid by
hydroxylation, in plants, the conversion hydroxylation is described to be catalysed by two possible
pathways either by copper containing polyphenol oxidases or by P450 dependent hydroxylases (Strack
& Lea, 2001). The conversion of the p-coumaric acid to caffeic acid is the first step of biosynthesis of

flavonoids which is as follow:

p-coumaric acid + O, + AH, — Caffeic acid + H,O + A. In which AH. denotes for electron donors
like NADH, ascorbic acid or L-dopa and the reaction can also be catalysed by several catechol oxidases
(Meyer, 2009). Compared to p-coumaric acid, caffeic acid is superior in antioxidant activity this can be
due to the presence of the o-dihydroxyl group in the phenyl ring (Andreasen et al., 2001; Meyer et al.,
1998).

6.2 Temperature effect on anthocyanin content

The results of temperature experiment with two treatments 10°C and 30°C showed no significant change
in fruit colour of stage 5 (Big purple) purple pepper genotype cv.Tequilla from 10°C (Figure 7A).
whereas, a clear disappearance of purple colour was noticed in the stage 5 fruits of purple pepper
genotype cv.Tequilla from 30°C treatment (Figure 7B) also similar results were observed in stage 4
fruits of CGN22179 (Figure 7C and 7D) was in agreement with our Hypothesis 2: The anthocyanin
concentration will be high in the fruits at low-temperature 10°C compared to fruits in high-
temperature 30°C. The disappearance of fruit colour in 30°C temperature might be hypothesized as
either reduced biosynthesis or increased anthocyanin degradation or by a combination of both.
Anthocyanin metabolism can also be influenced by environmental factors such as high irradiation,
UV/Blue light and temperature (Jiang et al., 2016). Several studies have shown that temperature affected
the anthocyanin biosynthesis. The low temperature induced the anthocyanin biosynthesis in tomato crop
in hypocotyls, leaves and fruits (Qiu et al., 2016). In Vitis vinifera L. cv. Sauvignon fruits from high

temperature (35°C) showed a reduced level of total anthocyanin content compared with control (25°C)
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(Mori et al., 2007). In another grape cultivar Vitis vinifera L. cv. Sangiovese fruits at high temperature
(36°C) anthocyanin biosynthesis processes were suppressed at both transcriptional and enzymatic levels,
with increased activity of peroxidase enzyme VviPrx31 (Movahed et al., 2016). This suppression is due
to the combined impact of reduced biosynthesis and increased anthocyanin degradation (Movahed et al.,
2016), which indicates VviPrx31 is responsible for anthocyanin degradation at high temperature. The
increased peroxidase activity is the indicator of anthocyanin degradation. From our results anthocyanin
accumulation was reduced during fruit development and reduced level of anthocyanins was observed in
ripening fruits. The observations from temperature experiment showed at high temperature 30°C the
fruit colour was turned from purple to red. The disappearance of purple colour in fruits is hypothesized
might be because of increased degradation of anthocyanins by peroxidase enzyme. At high temperature
the peroxidase activity will be increased and degrade the anthocyanins (Movahed et al., 2016; Niu et al.,
2017).

6.3 RNA extraction by different methods.

In this section, the only comparison between CTAB and GenElute Mammalian Total RNA miniprep kit

was discussed.

The quality of RNA extracted by CTAB is not uniform among the samples compared to Mammalian Kit
and it is very laborious and lengthy process and several difficulties were encountered during the
extraction of RNA by CTAB method and chances of RNA degradation was higher in CTAM method.
Because of lengthy process and several rounds of pellet dilution and washings. The final harvested RNA
still consists of genomic DNA in several samples even after DNase-1 treatment (Appendix 7). RNA
degradation is also observed in many samples with the CTAB method. Whereas, mammalian kit
extracted good quality of RNA compared to CTAB but still genomic DNA contamination was seen on
the gel even after DNase-1 treatment (Appendix 8). Later increased lysis (500 ul) combination with on-
column DNase treatment yielded good quality RNA with uniform band intensity and no contamination

of genomic DNA was observed on RNA gel (Figure 9).

6.4 Expression of a candidate gene in different genotypes.

In this section only, the expression of a reference gene (#-actin) in three pepper genotypes is described
in our group fS-actin is used as candidate reference gene for gene expressions studies in peppers. To be
a good reference gene, the reference gene should be expressed at the same level over different samples
with Ct values less than one cycle difference. In our study, the expression of reference gene is not
uniform in fruit tissues of three pepper genotypes and the Ct values differ in all three genotypes with
more than one cycle difference. The results were not in agreement with our Hypothesis 4: The
expression of reference will be same in all samples and Ct values might be within once cycle
difference. One possible explanation for difference of Ct values might be the difference in the

concentration of RNA.
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7. Conclusion

In peppers anthocyanins accumulation is due to anthocyanin biosynthesis and degradation. The
accumulation is seen only in the pericarp of the fruits obtained purple pigmentation. In young green
fruits of purple genotypes, the purple pigmentation is not observed this can be due to the delay of
anthocyanin biosynthesis. Later the purple colour was changed to red in matured ripening fruits. The
purple discolouration was due to suppression of biosynthesis and induction of degradation. In our study
two forms of anthocyanins were detected delphinidin-3-coumaroylrutinoside-5-glucoside and
delphinidin-3-caffeoylrutinoside-5-glucoside. The accumulation pattern of anthocyanins was first
increase and then decrease in purple fruit cv. Tequilla, CGN2217 and CGN23273 genotypes. The
concentration of anthocyanins is associated with the intensity of fruit colour. The darker the fruit colour
the higher concentration of anthocyanins was detected. Over fruit ripening stages of cv. Tequilla, darker
fruits were observed in big purple stage and concentration of anthocyanins was detected higher in the

big purple stage.

The colour shift of purple fruits of cv. Tequilla and CGN22179 from purple to red at 30°C treatment,
the possible explanation for degradation of anthocyanins at high-temperature can be due to increased
peroxidase activity. The expression of reference gene is not same among all the samples and the Ct
values were not within one cycle difference so S-actin cannot be a good reference gene. Therefore, a
further research should be done for selecting a good reference gene with Ct difference less than one
cycle.

22



8. Further prospective

8.1 Research on anthocyanin degradation

In our study, only anthocyanin concentration was measured in different genotypes and the gene
expression study was not done. It is interesting to study the expression of candidate degrative genes in
different genotypes. Also, metabolic analysis of temperature samples should be measured to know more
information on the mechanism of anthocyanin degradation and enzymes involved in degradation that

might result in a new candidate gene for further degradation studies.

8.2 Research on the antioxidant superiority

So far delphinidin-3-coumaroylrutinoside-5-glucoside and delphinidin-3-caffeoylrutinoside-5-
glucoside are the only form of anthocyanins observed in peppers. Among the two anthocyanins caffeic
acid is superior in antioxidant activity even though the percent of caffeic acid is very less in total
anthocyanin content compared with p-coumaric acid. Antioxidants are the important characteristics of
purple peppers so, it is interesting to study to increase the caffeic acid percentage by biotransformation

of p-coumaric acid to caffeic acid.

8.2 Selection of RNA extraction kit

In our lab there was only once standard RNA kit Quick Gene RNA cell culture kit (FujiFilm Life
Science) was available before the group relay on this kit due unknown reasons the kit was not available
now. In our study | tried two different RNA extraction methods as a CTAB method, GenElute
Mammalian Total RNA miniprep kit (SIGMA-ALDRICH). The total RNA quality from the mammalian
kit was good with desired and similar concentration and uniformity band intensity. | would recommend

a mammalian kit with on-column DNase can straight away start for RNA extraction.
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10. Appendix

Appendix 1: List of samples used for metabolomics analysis.

No.of fruits harvested
from each plant for
Genotype Developmental stages Replications each replicate Sample type
Small green 4 4 Peel
Green purple 4 3 Peel
Small purple 4 4 Peel
Tequila Medium purple 4 2 Peel
Big purple 4 1 Peel
Purple to Red 4 2 Peel
Red 4 1 Peel
Small purple 4 5 Peel + Flesh
Medium purple 4 4 Peel + Flesh
Big purple 4 4 Peel + Flesh
CGN16951 | Purple to white 4 4 Peel + Flesh
Purple to yellow 4 4 Peel + Flesh
Orange 4 4 Peel + Flesh
Red 4 4 Peel + Flesh
Small green 4 3 Peel + Flesh
Green purple 4 2 Peel
Small purple 4 2 Peel
CGN22179 | Medium purple 4 2 Peel
Big purple 4 1 Peel
Purple-red 4 1 Peel
Red 4 1 Peel
Small green 4 3 Peel + Flesh
Small black 4 3 Peel
CGN23223 | Black green 4 2 Peel
Green 4 2 Peel
Brown 4 2 Peel
Small green 3 3 Peel + Flesh
Green purple 3 3 Peel
Small purple 3 3 Peel
CGN23273
Middle purple 3 2 Peel
Big purple 3 1 Peel
Purple-red 3 1 Peel
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Red 3 1 Peel
Small black 4 5 Peel + Flesh
Black pearl | Big black 4 5 Peel + Flesh
Red 4 5 Peel + Flesh
Young green 4 1 Peel
Yuni-12 Green 4 1 Peel
Turning 4 1 Peel
Red 4 1 Peel
Small green 2 5 Peel + Flesh
Medium green 2 5 Peel
Yuni-24 Big green 2 3 Peel
Matured green 2 3 Peel
Brown 2 3 Peel

Appendix 2: Correlation between RGB and TAC in CGN16951
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Figurel: Correlation of fruit colour and total anthocyanin content (TAC) in
CGN16951: On Y -axis average RGB values of fruit colour and X-axis indicates the TAC
absorbance unit per gram. The numbers on the trend line denotes ripening stages of fruit
as follow, 1- Small purple, 2- Medium purple, 3- Big purple, 4- Purple to white, 5- Purple
to yellow, 6- Orange 7- Red.
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Appendix 3: Correlation between RGB and TAC in CGN23223
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Figure2: Correlation of fruit colour and total anthocyanin content (TAC) in
CGN23223: On Y-axis average RGB values of fruit colour and X-axis indicates the TAC
absorbance unit per gram. The numbers on the trend line denotes ripening stages of fruit
as follow, 1- Small green, 2- Small black, 3- Big green, 4- Green, 5- Brown.

Appendix 4: Correlation between RGB and TAC in Yunil2
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Figure3: Correlation of fruit colour and total anthocyanin content (TAC) in Yunil2:
On Y-axis average RGB values of fruit colour and X-axis indicates the TAC absorbance
unit per gram. The numbers on the trend line denotes ripening stages of fruit as follow, 1-
Young green, 2- Green, 3- Turning, 4- Red.
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Appendix 5: Correlation between RGB and TAC of Yuni24
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Figure4: Correlation of fruit colour and total anthocyanin content (TAC) in Yuni24:
On Y-axis average RGB values of fruit colour and X-axis indicates the TAC absorbance
unit per gram. The numbers on the trend line denotes ripening stages of fruit as follow, 1-
Small green, 2- Medium green, 3- Big green, 4- Matured green, 5- Brown.

Appendix 6: Matured red fruits of CGN22179 from 10 °C and 30°C treatment.

Figure59: A. From 30°C on 1% day of storage B. Same fruits after two weeks of
storage, C. From 10°C on 1% day of storage D. Same fruit after two weeks of
storage.
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Appendix 7: RNA gel of tequilla samples with DNase-1 treatment after CTAB method
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Figure6: RNA gel of tequilla smaple from CTAB miniprep
method: Left side 1Kb DNA ladder, RNA samples of
different developmental stages. The sample codes represent as
follow, GP-Green to purple, SP-Small purple, MP-Medium
purple, BP-Big purple, PR- Purple to red, R- Red.
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Appendix8: RNA gel of Tequilla samples with DNase-1 treatment after GenElute Mammalian
RNA Kit method
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Figure7: RNA gel of tequilla smaple from GenElute Mammalian RNA Kit:
Left side 1Kb DNA ladder, RNA samples of different developmental stages. The
sample codes represent as follow SG-Small green, GP-Green to purple, SP-Small
purple, MP-Medium purple, BP-Big purple, PR- Purple to red, R- Red.
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