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ABSTRACT
Turkish yarrow (Achillea gypsicola Hub. Mor.) contains medicinally
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valuable bioactive metabolites. Light plays a key role in many Research Article
physiological events in plants such as the accumulation of : :
phenylpropanoid metabolites, particularly photosynthesis. The aim Artlc.le Hlstory.

of this study was to determine the effects of light on the biosynthesis Received : 22.04.2021
of phenylpropanoid metabolites and biomass growth in Turkish Accepted +07.12.2021
yarrow cell suspension cultures. /n vitro plantlets obtained from R

seeds were used as explant sources and cell cultures of A. gypsicola
were established using stem segment-derived callus tissues. Then, 8-
day-old cell cultures kept in a B5 medium supplemented with 0.5
mg/L. BA (benzylaminopurine)+0.5 mg/L. NAA (naphthalene acetic
acid) were incubated in light and dark environments. Cells were
harvested five times (1st, 2nd 3rd 6th and 12th day) in total. The
amount of camphor was determined by gas chromatography-mass
spectrometry (GC—-MS). Other parameters were calculated using the
spectrophotometric method. The total phenolic amount increased
depending on the sampling time in dark and light conditions.
Phenolic accumulation was increased by 29.25% compared to the
initial culture. Also, light application increased the amount of
camphor 1.12 times, the amount of flavanol 4.9 times, and the
amount of flavonol 0.5 times. These results clearly demonstrate the
effect of light on cell growth and phenylpropanoid metabolite
accumulation in A. gypsicola cell cultures.
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Tirk Civanpercemi (Achillea gypsicola Hub. Mor.) Hiicre Siispansiyon Kiiltiirlerinde Fenilpropanoid
Metabolitlerin Isik Araciligiyla Biosentezi

OZET
Tiirk civanpercemi (Achillea gypsicola Hub. Mor.) tibbi acidan

Tarimsal Biyoteknoloji

degerli metabolitler icerir. Isik, bitkilerde basta fotosentez olmak Aragtirma Makalesi

uzere fenipropanoid metabolitlerin birikimi gibi birgok fizyolojik

olayda kilit bir rol oynar. Bu calismanin amaci, 1s181n Tirk Makale Tarihgesi
civanpergemi hiicre suspansiyon kiultirinde fenilpropanoid Gelig Tarithi  :22.04.2021
metabolitlerin biyosentezi ve biyokiitle artigs1 tizerindeki etkilerini Kabul Tarihi :07.12.2021
belirlemektir. Tohumlardan elde edilen in vitro bitkicikler eksplant

kaynag1 olarak kullanilmig ve govde segmentinden turetilen kallus Anahtar Kelimeler
dokularindan hiticre kultirleri olusturulmustur. Daha sonra, 0.5 Abiyotik elisitor

mg/L BA (benzilaminopurin)+0.5 mg/L NAA (naftalen asetik asit) ile Biyoaktif bilesikler

desteklenmis B5 ortaminda muhafaza edien 8 gilinlik hicre
kilturleri, aydinlik ve karanlhk ortamlarda inkiibe edilmistir.
Toplamda bes kez (1, 2, 3, 6 ve 12. giin) hiicre hasad1 yapilmistir.
Kamfor miktar: gas chromatography-mass spectrometry (GC-MS) ile
belirlenmigtir. Diger parametreler spektrofotometrik yontem
kullanilarak hesaplanmigtir. Toplam fenolik miktari karanhk ve
aydinlik kogullarda o6rnek alma zamanina bagh olarak artig
gostermigtir. Fenolik madde birikimi baslangic kiltiirine gore
%29.25 artmigtir. Isik uygulamasi kamfor miktarimi 1.12 kat,

Kallus kultara
Sekonder metabolit
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flavanol miktarimi 4.9 kat ve flavonol miktarini 0.5 kat artirmistir.
Bu sonuclar bize A. gypsicola hiicre kiultirlerinde 1s181n hicre
buiytimesi ve sekonder metabolit birikimindeki etkisini agik¢a ortaya

koymustur.
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INTRODUCTION instability of SPA1 and SPA2 proteins, which are

Achillea gypsicola Hub. Mor. is an important herb
with medicinal properties such as antimicrobial and
anticarcinogenic activities (Saeidnia et al., 2011). A.
gypsicola essential oil was composed of various
volatile compounds, and the main compounds in A.
gypsicola essential oil were borneol, camphor, and
1,8-cineole (Acikgdz, 2019; Acikgsz, 2020).Camphor

terpene has potential benefits for health in
antimicrobial (antibacterial, antifungal, antiviral),
antitussive, antinociceptive, antimutagenic,

anticarcinogenic, and cardiovascular terms (Edris,
2007; Lin et al., 2007; Cheng et al., 2009; Zuccarini,
2009; Abdel-Rahman et al., 2015). The contents and
components of these compounds differ according to
several factors such as diseases, used plant parts,
growing stage, harvesting time, soil, and climate
conditions (Acikgoz, 2019; Acikgdz, 2020). Therefore,
there is a need to develop some methods to support
the production of high-value bioactive metabolites in
terms of quantity and quality. Among these methods,
plant cell culture techniques to be used for secondary
metabolite production is of great importance (Bat1 Ay
et al., 2022). Further, plant cell cultures reduce the
demand for expensive chemicals due to their simple
extraction methods. Various strategies can be used to
develop valuable secondary metabolite products in
plant cell cultures. It is known that biotic and abiotic
stress factors are used especially to initiate or
increase the synthesis of phenylpropanoid metabolites
(Acikgoz, 2021; Daglioglu et al., 2022).

Among abiotic stress factors, light is one of the most
significant environmental factors that regulate the
growth, development, and metabolism of plants. Light
is not only effective in photosynthesis, growth, and
development, but also has a significant function in
the Dbiosynthesis of primary and secondary
metabolites by increasing phenylalanine ammonia-
lyase (PAL) in cell cultures (Khan et al., 2013;
Murthy et al., 2014).

The reactions of plant cells to light occur through the
interactions of the main photomorphogenic
1/suppressor of phytochrome A (COP1/SPA) proteins
associated with pokeweed antiviral protein (PAP). In
the dark, these two proteins are suppressed by
ubiquitin ligase. In light environments, it causes
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among the SPA proteins, thus causing the COP1
protein to be more active (Liu et al., 2011; Zuo et al.,
2011; Weidler et al., 2012). This causes various
metabolic activities such as the biosynthesis of
chlorophyll and anthocyanins as well as development
and growth responses such as phototropism and
flowering induction (Kami et al., 2010).

Light also plays an active role in the generation of
important phytochemicals in most medicinal plant
species. Many phenolic compounds, cinnamic acid,
flavonoids, anthocyanins, and caffeic acid derivatives
cichoric, caftaric, chlorogenic, and caffeic acid in
plants are produced by PAL initiated
phenylpropanoid pathway (Shohael et al., 2006;
Sreelakshmi and Sharma, 2008). In previous studies
(Zhao et al., 2010; Ali and Abbasi, 2014; Tariq et al.,
2014; Georgieva et al., 2015; Ahmad et al., 2016;
Acikgdz et al., 2018), it has been shown that light
conditions increase the dry weight of the cell, total
phenolic, anthocyanin, flavanol, and flavonol
compared to dark conditions. This study was
conducted to determine the effect of light on
phenylpropanoid metabolite production in cell
cultures of A. gypsicola.

MATERIAL and METHOD
Plant material

As plant material, seeds of A. gypsicola, endemic to
Turkey, collected from native flora are used. A.
gypsicola plants were detected in the hills on the
right side of “Corum-—Iiskilip” at the 26th and 47th
kilometers and plant samples were taken for species
identification. The plant samples were subjected to
the herbarium and kept in room conditions until
identification. Species diagnosis was made by Prof.
Dr. Hayri Duman, Gazi University, Faculty of
Science, Department of Biology.

Callus establishment

In vitro plantlets obtained from these seeds were used
as explant sources and cell suspension cultures of A.
gypsicola were established using stem segment-
derived callus tissues (Acikgoz, 2017). The cultures
were maintained in a B5 medium supplemented with
0.5 mg/LL benzylaminopurine+0.5 mg/LL naphthalene
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acetic acid and grown in three 250 mL Erlenmeyer
flasks containing 50 mL of liquid medium and 2.5 g of
green fragile calluses. Then, they were cultured on a
rotary shaker at 105 rpm at 25 °C and a light/dark
photoperiod 16/8.

Treatment of light

After the cell cultures were placed in a shaker at an
average speed of 105 rpm, they were kept at 25 °C
and under continuous light of an average of 8.000 lux
for different periods. The control group was cultured
at 25 °C in dark conditions. For the light application,
sampling was done five times, starting from the 1st
day to the 2nd 3rd 6th) and 12th days, and the 1st-day
sampling was done 8 h after the application.

Sample extraction

The extraction was done based on the method of
Abbasi et al. (2012). Briefly, 2 g of the crushed
samples were taken and 10 ml of 96% ethanol was
added. After 2 min of mixing in the homogenizer, they
were kept in a water bath at 45°C for one night. At
the end of this period, the samples were centrifuged
at 4000 rpm for 5 min and the supernatant part
containing phenolic compounds was removed and
evaporated in a rotary evaporator until completely
dry at 75°C.

Determination of cell number

Cell number was determined according to Moscatiello
et al. (2013) with the following formula:

acn= %c40i=1-20 df

acn: average cell number

c¢: cell number

df: dilution factor

Determination of dry cell weights

It was obtained by weighing the filtered cells after
being kept in the drying oven at 55 °C for 48 h.

Determination of total phenolic content

The extracts evaporated in a rotary evaporator were
dissolved in 1 ml of methanol and used in the
phenolic compound analysis. Analysis was performed
using the Folin Ciocalteu reagent based on the Chan
et al. (2007) method. Spectrophotometer readings
were carried out at a wavelength of 765 nm, and the
total phenolic compound amounts were determined as
gallic acid equivalent mg/g fresh cell weight using the
curve prepared from the standard gallic acid solution.

Determination of total flavanol content

The dimethylamino cinnamaldehyde method used by
Sun et al. (1998) was used to determine the total
flavanols in cell suspension cultures. The readings

1236

were carried out in the spectrophotometer at 640 nm
wavelength. The results were determined as mg/g
fresh cell weight as the equivalent of catechin by
using the curved prepared from the catechin
standard.

Determination of total flavonol content

Total flavonol analysis was made according to the
method used by Kumaran and Joel Karunakaran
(2007), using the Neu solution. Accordingly, after
adding a mixture of 1% 2-aminoethyl
diphenylborinate solution and methanol to the
extracts and mixing thoroughly, the absorbance
values at 410 nm were determined. The amount of
total flavonols was determined as mg/g fresh cell
weight as a routine equivalent by using the curve
prepared from the routine standard.

Determination of total anthocyanin content

Antochyanin analyzes were carried out using
Mcllvain’s buffer (pH=3) according to the method
used by Giusti and Wrolstad (2000). The readings in
the spectrophotometer were made at a wavelength of
570 nm and the anthocyanin amounts were calculated
as color values and the results were given as CV/g
fresh cell weight.

Determination of camphor content

Camphor compound was determined by GC-MS
device in the study. For Headspace GC-MS analysis,
Shimadzu QP2010 Ultra GC-MS was integrated into
the device and Shimadzu AOC-5000 plus autosampler
was used. Capillary column separation was
determined by RTX-5M 30m. The camphor standard
was given to the device first for analysis. The mass
fragments and retention time of the compound were
determined. the precision of the work and to increase
the accuracy, 9 major ion peaks were selected. Later
camphor the calibration curve of the compound was
drawn and the amount of the sample was determined

as pg/g.

Statistical analysis

One way factor analysis of variance was used to
evaluate the data. Different averages were
determined with the Tukey test and the results were
expressed in the letter representation alongside the
averages. Significance level (5%) was used in
calculations and interpretations. All calculations were
used with SPSS statistical package program.

RESULTS and DISCUSSION
Cell numbers, dry cell weight

In this study, the effect of light and dark situations on
cell number and dry cell weight was investigated in
the callus culture of A. gypsicola species. While the
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number of cells was 85.300 in the initial culture in
bright conditions, it was determined to reach 104.300
at the end of the 12th day. The lowest cell number
was obtained from the initial cultures of dark and
light treatments (84.100 and 85.300, respectively)
(Figure 1). It has been determined that dry cell
weight (g/l) increases in both light and dark
conditions. While the highest dry cell weight (13.7219
g/l and 13.3981 g/1, respectively) was obtained from
the cells that incubated in light for 6 and 12 days, in
the cells incubated in the dark, this value was
determined as 12. 128 g/l maximum on day 12. It has
been reported by many researchers that stress factors
are very efficient in the development of secondary

Cell number

B Dark mLight
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b
100000 - cd dep B
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Sampling Time (Day)
a

metabolites and cell growth (Georgieva et al., 2015;
Ahmad et al., 2016). The age of cell culture, the
duration of exposure to the elicitor, and the type of
elicitor are important in improving the effectiveness
of these treatments. Light is one of the major elicitors
that stimulates the production of secondary
metabolites and developmental processes (Khan et al.
2013). Previous studies have revealed that light plays
an important role in cell growth. Zhao et al. (2010),
Ali and Abbasi (2014), Silva et al. (2017), and Anjum
et al. (2017) reported in their studies that light
promotes cell growth. Similarly, it has been shown
that light has an important role in cell growth in A.
gypsicola.

Dry cell weight (g/1)
B Dark B Light

16
14
19 bc b
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Figure 1. Effects of light treatments (dark and light) and sampling times (days) on cell number (number) (a), cell
dry weight (g/1) (b) in cell suspension cultures of A. gypsicola species.
Sekil 1. A. gypsicola tiiriinde hiicre siispansiyon kiiltiirlerinde 1s1k uygulamalarinin (karanhk ve aydinlik) érnek
alma zamani (giin), hiicre sayisina (adet) (a), hiicre kuru agirligina (/1) (b) etkileri
Error bars show standard deviation values. Means with a similar letter are not significant at the 5% level of the Tukey test.

Total phenolic, flavanol and flavonol content

Plant phenolics and flavonoids have strong biological
activity. In this study, we researched the influence of
light applied to A. gypsicola cultures for different
periods on total phenolic, total flavanol, and total
flavanol content. The total amount of phenolic
substance (mg/g) increased regularly both in dark
conditions and in the light environment depending on
the application period (Figure 2). While the total
amount of phenolic matter was an average of 0.7720
mg/g in the initial culture in the dark environment, it
increased to 0.9543 mg/g at the end of the 12th day.
In light application, the phenolic substance
accumulation, which was 0.7744 mg/g in the initial
culture, increased to 0.9978 mg/g at the end of the
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12th day. It was determined that total flavanol
accumulation (mg/g) was mostly in bright
environments when light and dark environments
were compared and flavanol accumulation increased
significantly starting from the 1st day. The amount of
flavanol, which was 0.0160 mg/g in the initial culture
in bright conditions, increased to 0.0725 mg/g at the
end of the 12th day. The amount of flavonol, which
was 0.0123 mg/g in the initial culture under dark
conditions, reached 0.0535 mg/g at the end of the 12th
day. Total flavanol accumulation (mg/g) generally
increased in dark and light environments. In the dark
environment, while the total amount of flavanol in
the initial culture was 0.0417 mg/g, it reached 0.0654
mg/g at the end of the 12th day. In light application,
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the amount of flavanol, which was 0.0434 mg/g in the
initial culture, increased to 0.0814 mg/g at the end of
the 12th day. It was determined that light treatments
were 53.24% more effective in flavanol accumulation
when light and dark environments are compared. The
remarkable point here is that the amounts of total
phenolic, flavanol, and flavanol increase with light
application. Light has an important function in the
biosynthesis of primary and secondary metabolites by
increasing PAL activity in cell cultures (Khan et al.,
2013; Murthy et al, 2014). Many phenolic
compounds, caffeic acid, cinnamic acid, flavonoids,
anthocyanins, and caffeic acid derivates in plants are

Total phenolic content (mg/g) ®Dark W Light
1,2
1
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Total flavonol content (mg/g)
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Day 3

produced by the phenylpropanoid pathway initiated
by PAL (Shohael et al., 2006; Sreelakshmi and
Sharma, 2008). Therefore, it can be said that light
increases the total amount of flavonoids by
stimulating the biosynthetic pathway. In previous
studies, Fazal et al. (2016), Nadeem et al. (2018), and
Shohael et al. (2006) reported that light promotes
secondary metabolite accumulation more than dark
conditions. In this study, it was revealed that light
conditions increase the amount of total phenolic,
flavanol, and flovonol other active ingredients
compared to dark conditions.

Total flavanol content (mg/g) m Dark ® Light

0,08
0,07
0,06

a
b
b
0,05 .
0,04 od
0,03 de ¢
0,02 ff fI
oo ol I

0
Day1l Day2 Day3 Day6 Day12
Sampling Time (Day)
b

mDark  ®Light

a
be b

i de I l I

Day 6 Day 12
c

Sampling Time (Day)

Figure 2. Effects of light treatments (dark and light) and sampling times (days) on total phenolic (mg/g) (a),
flavanol (mg/g) (b), flavonol content (mg/g) (c) in cell suspension cultures of A. gypsicola species.
Sekil 2. A. gypsicola tiiriinde hiicre siispansiyon kiiltiirlerinde 1sik uygulamalarinin (karanhk ve aydinlik)
toplam fenolik madde (mg/g) (a), flavanol (mg/g) (b), flavonol icerigine (mg/g) (c) etkileri

Error bars show standard deviation values. Means with a similar letter are not significant at the 5% level of the Tukey test.

Total anthocyanin content

Anthocyanins constitute an 1important part of
flavonoids, a common group of secondary metabolites.
Anthocyanins found in plant tissues are synthesized
in different concentrations depending on the genetic

structure of the plant, environmental factors, and the
stress conditions that the plant is exposed to
(Schwinn et al., 2004). In this study, when the total
anthocyanin accumulation in dark and light
environments was compared, it was determined that
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the anthocyanin accumulation occurred highest in
light with 0.0097 CV/g and the lowest value was in
the cells incubated with 0.0058 CV/g in the dark
(Figure 3). Therefore, we can say that the light

Total anthocyanin content (CV/g)

increases anthocyanin accumulation. The role of
anthocyanins against light stress has been widely
documented (Merzlyak et al., 2000; Trojak et al.,
2017).

m Dark m Light
0,012
0,01
0,008 be be
bc
C C
0,006
0,004
0,002
0
Day 1 Day 2 Day 3 Day 6 Day 12
Sampling Time (Day)

Figure 3. Effects of light treatments (dark and light) and sampling times (days) on the total anthocyanin content
(CV/g) in cell suspension cultures of A. gypsicola species

Error bars show standard deviation values. Means with a similar letter are not significant at the 5% level of the Tukey test.

Sekil 3. A. gypsicola tiiriinde hiicre siispansiyon kiiltiirlerinde 1sik uygulamalarinin (karanhk ve aydinlik)

toplam antosiyanin miktarina (CV/g) etkileri

Camphor content

Camphor is an important ingredient found in the
essential oil of plants that has medicinal effects such
as antimicrobial and anticarcinogenic (Saeidnia et al.,
2011). In the study, the amount of camphor, which
was 0.7162 pg/g in the initial culture in the light
environment, increased to 0.9693 pg/g 3 days after
the application, to 1.1173 p/g after 6 days, and after
12 days, it increased by 111.77% and reached 1.5167
ng/g (Figure 4). The highest camphor accumulation in
cells incubated in the dark was 1.1153 pg/g at the end
of the 12th day. The remarkable point here is that
light treatments promote camphor accumulation more
than dark conditions. Previously, Nieto-Trujillo et al.
(2017) studies on Tanacetum parthenium and
Razavizadeh et al. (2017) on Carum copticum species
showed that stress factors raise the amount of
phenylpropanoid metabolites. In addition, Silva et al.
(2017) examined the effects of the light source applied
to the culture environment at different intensities to
increase the secondary metabolite accumulation in a
study conducted on Plectranthus amboinicus species
and they showed that carvacrol accumulation
continuously increased depending on the intensity of
light.
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CONCLUSIONS

In this study, it was determined for the first time that
light treatment in A. gypsicola cell suspension culture
promoted cell number and dry cell weight, total
flavanol, flavonol, phenolic, anthocyanin, and
camphor content more than in dark conditions.
Looking at the sampling times, it is seen that the
highest value of cell growth and phenylpropanoid
metabolite accumulation is reached on the 12tk day,
while the lowest value is reached in the initial
cultures. The amount of camphor increased from
0.7162 pg/g in the initial culture to 1.5167 ng/g after
12 days with an increase of 111.77% in cells cultured
in the light environment. It was determined that
sampling times in dark environments do not have a
significant effect on the amount of anthocyanin in
total anthocyanin accumulation. The total amount of
phenolic content increased regularly both in dark
conditions and in the light environment and the
accumulation of phenolic content in the initial culture
in the light environment increased by 29.25% at the
end of the 12th day. It has been determined that
flavanol accumulation is mostly in  bright
environments. The amount of flavanol, which was
0.0160 mg/g on the 1st day, increased 4.9 times and
reached 0.0725 mg/g at the end of the 12th day. When
the light and dark environments are compared in
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total flavonol accumulation, it was determined that
light conditions were 53.24% more effective in
flavanol accumulation. These results showed us that

Camphor content (pg/g)
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light treatments in A. gypsicola cell suspension
cultures significantly promoted cell growth and
phenylpropanoid metabolite accumulation.

EDark  ®mLight
i | I
i I
Day 6 Day 12

Figure 4. Effects of light treatments (dark and light) and sampling times (days) on camphor content (ug/g) in cell

suspension cultures of A. gypsicola species

Error bars show standard deviation values Means with a similar letter are not significant at the 5% level of the Tukey test.
Sekil 4. A. gypsicola tiiriinde hiicre siispansiyon kiiltiirlerinde 151k uygulamalarimin (karanlik ve aydinlhk)

kamfor miktarina (ug/g) etkileri

ACKNOWLEDGMENTS
The authors are grateful to the Scientific and
Technological ~ Research  Council of  Turkey

(TUBITAK) for providing financial support for this
work under Project No. 1001- 1140564. This study is
a part of Dr Muhammed Akif Acikgéz’'s doctorate
thesis.

Author’s Contributions
The contribution of the authors is equal.

Statement of Conflict of Interest
The authors have declared no conflict of interest.

REFERENCES

Abbasi BH, Stiles AR, Saxena PK, Liu CZ 2012.
Gibberellic acid increases secondary metabolite
production in FEchinacea purpurea hairy roots.
Applied Biochemistry and Biotechnology, 168(7):
2057-2066.

Abdel-Rahman R, Alqasoumi S, El-Desoky A, Soliman
G, Paré G, Hegazy ME 2015. Evaluation of the
anti-inflammatory, analgesic and anti-ulcerogenic
potentials of Achillea fragrantissima (Forssk.).
South African Journal of Botany, 98: 122-127.

Agikgéz MA 2017. Achillea gypsicola tirinde kallus
kualtara  ile sekonder metabolit  Uretim
potansiyelinin belirlenmesi. Ordu Universitesi,
Doktora Tezi (Basily), Ordu.

Acgikgoz MA, Kara SM, Bat1 E, Odabas S 2018. Effect

1240

of light on biosynthesis of alkamide, caffeic acid
derivatives and echinacoside in FEchinacea
purpurea L. callus cultures. Akademik Ziraat
Dergisi, 7(2): 179-184.

Acikgoz MA, Kara SM, Aygiin A, Ozcan MM, Ay EB
2019. Effects of methyl jasmonate and salicylic
acid on the production of camphor and phenolic
compounds in cell suspension culture of endemic
Turkish yarrow (Achillea gypsicola) species.
Turkish dJournal of Agriculture and Forestry,
43(3): 351-359.

Agikgéz MA 2020. Establishment of cell suspension
cultures of Ocimum basilicum L. and enhanced
production of pharmaceutical active ingredients.
Industrial Crops & Products. 148: 112278.

Acgikgoz MA 2021. Effects of sorbitol on the production
of phenolic compounds and terpenoids in the cell
suspension cultures of Ocimum basilicum L.
Biologia, 76(1): 395-409.

Ahmad N, Rab A, Ahmad N 2016. Light induced
biochemical variations in secondary metabolite
production and antioxidant activity in callus
cultures of Stevia rebaudiana (Bert). Journal of
Photochemistry and Photobiology B: Biology, 154:
51-56.

Ali M, Abbasi BH 2014. Light-induced fluctuations in
biomass accumulation, secondary metabolites
production and antioxidant activity in cell
suspension cultures of Artemisia absinthium L.
Journal of Photochemistry and Photobiology B
Biology, 140: 223-227.



KSU Tarim ve Doga Derg 25 (6): 1234-1242, 2022
KSU J. Agric Nat 25 (6): 1234-1242, 2022

Aragtirma Makalesi
Research Article

Anjum S, Abbasi BH, Doussot J, Favre-Réguillon A,
Hano C 2017. Effects of photoperiod regimes and
ultraviolet-C  radiations on biosynthesis of
industrially important lignans and neolignans in
cell cultures of Linum usitatissimum L.(Flax).
Journal of Photochemistry and Photobiology B:
Biology, 167: 216-227.

Chan KY, Dorahy C, Tyler S 2007. Determining the
agronomic value of composts produced from
greenwaste from metropolitan areas of New South
Wales, Australia. Australian Journal of
Experimental Agriculture 47: 1377-1382.

Cheng LH, Eugene ICW, Yu CS 2009. Essential oil
compositions and bioactivities of the various parts
of Cinnamomum camphora Sieb.var, Linaloolifera
fujuta, Journal of Forestry Research, 2: 77-96.

Daglioglu Y, Acikgoz MA, Ozcan MM, Kara SM 2022.
Impact of application of alumina oxide
nanoparticles on callus induction, pigment
content, cell damage and antioxidant enzyme
activities in Ocimum basilicum. dJournal of
International Environmental Application and
Science, 17(1): 22-33.

Bati1 Ay E, Kocaman B, Karaca Oner E, Acikgoz MA
2022. Effects of elicitors on secondary metabolite
(SM) production and antioxidant activity in sweet
basil (Ocimum basilicum L.) cell suspension
cultures. Notulae Scientia Biologicae, 14(2): 11246-
11246.

Edris AE 2007. Pharmaceutical and therapeutic
potentials of essential oils and their individual
volatile constituents. Phytotherapy Research, 4:
308-323.

Fazal H, Abbasi BH, Ahmad N, Ali M, Ali S 2016.
Sucrose induced osmotic stress and photoperiod
regimes enhanced the biomass and production of
antioxidant secondary metabolites in shake flask
suspension cultures of Prunella vulgaris L. Plant
Cell, Tissue and Organ Culture, 124(3): 573-581.

Georgieva L, Ivanov I, Marchev A, Aneva I, Denev P,
Georgiev V, Pavlov A 2015. Protopine production
by Fumaria cell suspension cultures: effect of light.
Applied biochemistry and biotechnology, 176(1):
287-300.

Giusti MM, Wrolstad RE 2001. Characterization and
measurement of anthocyanins by uv-visible
spectroscopy. Current Protocols in Food Analytical
Chemistry, John Wiley and Sons, Inc., Hoboken.

Kami C, Lorrain S, Hornitschek P, Fankhauser C
2010. Chapter two light regulated plant growth
and development. Current Topics in
Developmental Biology, 91: 29-66.

Khan MA, Abbasi BH, Ahmed N, Ali H 2013. Effects
of light regimes on in vitro seed germination and
silymarin  content in Silybum marianum.
Industrial Crops and Products, 46: 105-110.

Kumaran A, Joel Karunakaran R 2007. In vitro
antioxidant activities of methanol extracts of five

1241

Phyllanthus species from India. LWT- Food
Science and Technology, 40: 344-352.

Lin TC, Chu FH, Tseng YH, Tsai JB, Chang ST,
Wang SY 2007. Bioactivity Investigation of
Lauraceae trees grown in Taiwan. Pharmaceutical
Biology, 8: 638-644.

Liu B, Zuo Z, Liu H, Liu X, Lin C 2011. Arabidopsis
cryptochrome 1 interacts with SPA1 to suppress
COP1 activity in response to blue light. Genes
Development, 25: 1029-1034.

Moscatiello R, Baldan B, Navazio L 2013. Plant cell
suspension cultures. Humana Press, Totowa.

Merzlyak MN, Chivkunova OB 2000. Light stress
induced pigment changes and evidence for
anthocyanin photoprotection in apple fruit.
Journal of Photochemistry and Photobiology B
Biology, 55: 154-162.

Murthy HN, Dandin VS, Zhong JJ, Paek KY 2014.
Strategies for enhanced production of plant
secondary metabolites from cell and organ
cultures. In Production of biomass and bioactive
compounds using bioreactor technology. Springer
Netherlands, 471-508.

Nieto-Trujillo A, Buendia-Gonzalez L, Garcia-Morales
C, Roméan-Guerrero A, Cruz-Sosa F, Estrada-
Zuniga ME 2017. Phenolic compounds and
parthenolide production from in vitro cultures of
Tanacetum parthenium. Revista Mexicana de
Ingenieria Quimica, 16(2): 371-383.

Saeidnia S, Ghohari AR, Mokhber-Dezfuli N, Kiuchi
F 2011. A review on phytochemistry and medicinal
properties of the genus Achillea. Daru. 19( 3): 173—
186.

Schwinn KE, Davies KM 2004. Flavonoids, in plant
pigments and their manipulation. Annual Plant
Reviews, Vol 14 (Ed. K Davies), Blackwell
Publishing, 92-149.

Shohael AM, Ali MB, Yu KW, Hahn EdJ, Islam R,
Paek KY 2006. Effect of light on oxidative stress,

secondary  metabolites, and induction of
antioxidant enzymes in Eleutherococcus senticosus
somatic embryos in  bioreactor.  Process

Biochemistry, 41(5): 1179-1185.

Silva A, Cavero S, Begley V, Solé C, Bottcher R,
Chavez S, de Nadal E 2017. Regulation of
transcription elongation in response to osmostress.
PLoS Genetics, 13(11): e1007090.

Sreelakshmi Y, Sharma R 2008. Differential
regulation of phenylalanine ammonia lyase
activity and protein level by light in tomato
seedlings. Plant Physiology and Biochemistry,
46(4): 444-451.

Sun Y, Jan LY, Jan YN 1998. Transcriptional
regulation of atonal during development of the
Drosophila peripheral nervous system.
Development 125(18): 3731--3740.

Tariqg U, Ali M, Abbasi BH 2014. Morphogenic and
biochemical variations under different spectral



KSU Tarim ve Doga Derg 25 (6): 1234-1242, 2022
KSU J. Agric Nat 25 (6): 1234-1242, 2022

Aragtirma Makalesi
Research Article

lights in callus cultures of Artemisia absinthium
L. Journal of Photochemistry and Photobiology B
Biology, 130: 264-271.

Trojak M, Skowron E 2017. Improvement of plant
heat tolerance by modification of xanthophyll cycle
activity. World Scientific News, 70(2), 51-70.

Weidler G, Zur Oven-Krockhaus, S, Heunemann M,
Orth C, Schleifenbaum F, Harter K, Hoecker U,
Batschauer A 2012 Degradation of Arabidopsis
CRY2 is regulated by SPA proteins and
phytochrome A. Plant Cell, 24: 2610-2623.

Zhao SZ, Sun HZ, Chen M, Wang BS 2010. Light-
regulated betacyanin accumulation in euhalophyte
Suaeda salsa calli. Plant Cell, Tissue and Organ
Culture (PCTOC), 102(1): 99-107.

Zuccarini P 2009. Camphor: Risks and benefits of a
widely used natural product. Journal Applied
Science Environmental Management, 2: 69-74.

Zuo Z, Liu H, Liu B, Liu X, Lin C 2011. Blue light-
dependent interaction of CRY2 with SPAl
regulates COP1 activity and floral initiation in
Arabidopsis. Current Biology, 21(10): 841-847.

1242



