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Abstract

Article History

Rice is a modern short-day plant but equally flower during non-inductive
long-day condition due to the possession of second florigen, Rice
Flowering Locus T1 (RFT1). RFT1 is an ortholog of Arabidopsis FT gene
which triggers flowering induction under long-day (LD) condition. The
gene isolation from Malaysian upland rice cv. Wai that induces flowering
were reported. Nucleic acids isolation and amplification of the RFT1
were observed, then phylogenetic relationship among other 5 indica and
1 japonica rice were inferred by comparing the gene amino acids
sequence data sets using multiple sequence alignment databases. The
amplicon quality result indicated that the gene was fully amplified at
above 0.5kb, whereas the sequence alignment revealed that the RFT1
gene was partially amplified based on the gaps identified. Among the 6
indica cultivars sequence aligned, they were almost all conserved except
on only 12 amino acids. While the cladogram tree result classified the
cultivars into three major groups and include Wai under clade that
contains both indica and japonica cultivars. This finding concluded that
the cultivars are of high evolutionary relationship and well established
their molecular relationship. The cultivars relationship provides
necessary information for better understanding of molecular evolution
and designing scientific breeding system for generation of new rice
cultivar.
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1. Introduction

Rice or its scientific name Oryza sativa L.; the second major cereal crop cultivated across
the globe, is a suitable source of food and model plant for studies of genome organization, gene
expression as well as transgenes behaviuor (Bajaj and Mohanty, 2005; Manimaran et al., 2013).
It is a facultative short-day (SD) plant as it shows early flowering at SD environment, but
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equally flower during non-inductive long-day (LD) condition due to the possession of second
florigen, Rice Flowering Locus T1 (RFT1), as described by Komiya et al. (2008). Previous
analyses point-out the correlation between early flowering under LD condition and high RFT1
mRNA level, which suggest that RFT1 is the main activator to induce flowering under LD
condition in japonica rice sub-species (Mohammed et al., 2019).

RFT1 is a homolog of rice Hd3a and ortholog of Arabidopsis FT gene which triggers floral
induction processes under LD environment. RFT1 regulates flowering period through a
complex genetic network by translocation from leaf to shoot apical meristem (SAM) (Komiya
et al., 2008; Osugi et al., 2011; Tsuji et al., 2011; Itoh and Izawa, 2013). The rice flower
normally evolved from vegetative structures i.e. SAM and then later transit to reproductive
stage that produces flower and fruits/seeds (Komiya et al., 2008). Flowering time in Oryza
sativa is intensively regulated by both florigen and range of environmental signals
(photoperiod) which provides suitable sign for heading season. Such signals must integrate into
single decision-to flower (Komiya et al., 2008; Albani and Coupland, 2010; Xiang et al., 2013).

However, to date, there is no report on the RFT1 gene isolation, molecular activity and
transformation from Malaysian upland rice, sub-species indica. Understanding of the gene
function in such rice cultivars grown under LD condition countries is still unclear. Though
Malaysia has many upland rice cultivars as reported by Sohrabi et al. (2012), Sohrabi et al.
(2013); generally upland rice cultivars comprises almost 80% of the world cultivated rice, but
contribute only 12% of the global rice production. Because of such shortages in production;
molecular isolation, characterization and transformation of RFT1 gene responsible for
promoting flowering under LD condition is of significant interest. It will necessitate the
development of transgenic rice with early flower production. Here we reported on RFT1 gene
isolation from Malaysian upland rice cultivar Wai which could later be used for genetic
transformation to induce early flowering.
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2. Materials and Methods

2.1. Genomic DNA Extraction and PCR Amplification of RFT1 Gene from Malaysian
Upland Rice Cultivar Wai

Genomic DNA (gDNA) was extracted as described by Edwards et al. (1991) with little
modification from leaves of upland Malaysian rice (indica subspecies) cultivar Wai between 8
– 11 weeks old of growing period. The gDNA quantity was analysed using NanoDrop1000
spectrophotometer and later stored at -20oC prior to further analysis. RFT1 gene was amplified
from

the

gDNA

using

different

(¶ TGGCTAGCTTAACCTTCCTG¶ , EX1-5 ¶
) ¶

gene-specific

primers:

EX1-F

GTCTACCATCACCTGTAGGT¶ , EX4-

CGGAGGGAGTATCTATTTTG¶ , EX4-R ¶ CACACTTAAGAGCCTGCATG¶ ),

RS1-F ¶ GCTCGTGAAGGCAGGAGATA¶ and RS1-5¶

TTTTTACATGGCGAGGCCG

G¶ .
The thermo-cycling conditions were; initial denaturation for 4 min at 94oC, followed by 30
cycles of denaturation for 30 sec at 94oC, annealing for 40 sec at 53oC and extension for 1 min
20 sec at 72oC, then final extension for 5 min at 72oC and cooling at 4oC. The quality of the
amplicon was analyzed by electrophoresis (74 V, 425 A and 45 min) on 1 % (w/v) agarose gel
stained with SYBR safe. The gel bands were excised, purified using Wizard SV gel and PCR

clean-XSV\VWHPDVDFFRUGLQJWRPDQXIDFWXUHU¶VLQVWUXFWLRQ3URPHJDDQGVHQWIR
to Medigene Sdn Bhd and 1 st Base Sdn Bhd Company.

2.2. RNA Extraction, cDNA Synthesis and PCR Amplification of RFT1 Gene

Total RNA was also isolated from the leaves at same age for gDNA extraction using Trizol

reagent (Sigma-$OGULFKDFFRUGLQJWRWKH0DQXIDFWXUHU¶VLQVWUXFWLRQ7KH LVROD
treated with DNase prior to reverse transcriptase PCR (RT-PCR) for cDNA synthesis. cDNA
was synthesized from the DNase-treated RNA using Superscript II Reverse transcriptase kit
(Invitrogen) as described by the manufacturer. PCR amplification of RFT1 was performed using
cDNA as template and EX1 primers at the same thermo-cycling condition as above. The
amplicon was run on 1 % (w/v) agarose. The gel bands were excised, purified and sent for
sequencing as described above.
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2.3. Bioinformatics Analysis of RFT1 Gene Sequences

RFT1

amino

acids

sequences

were

analyzed

using

protein

BLAST

(http://blast.ncbi.nlm.nih.gov/Blast.cgi) for identification. Meanwhile, the RFT1 sequences
from five different indica rice cultivars which include Basmati 370 (BAH30236), Pokkali
(BAO03221), Bleiyo (BAJ53916), Muha (BAJ53912) and Kemasin (AB838579.1) were
obtained from GenBank (http://www.ncbi.nlm.nih.gov/) for multiple sequence alignment
(MSA) with the current sequence. All the sequences (from Wai and 5 other cultivars) were
aligned in FASTA format and analyzed using clustalX and T-Coffee softwares. Phylogenic tree
analysis of the six cultivars sequence plus Nipponbare [(BAB78480) a japonica sub-species]
were also observed.

3. Results and Discussion

3.1. Molecular Amplification and Sequence Analysis of RFT1 Gene from Malaysian
Upland Rice

The study tried to isolate and amplify the gene from Malaysian upland rice cultivar Wai
using different primer sets. From all the primers used in this study, EX1 primer set gave the best
amplification result. The agarose gel electrophoresis outcome indicated that the actual expected
size of the gene was found using the primer set as shown in Figure 1. The band size on the gel
was above 0.5 kb which correspond with the finding of Ebana et al. (2011) which shows that
the gene has 178 amino acids, approximately 534 bp nucleotides. RFT1 gene is the second rice
florigen and has been hypothesized as a hormone-like molecule for promoting flowering
processes under LD condition (Komiya et al., 2008; Tsuji et al., 2011; Itoh and Izawa, 2013).
The gene is normally produced in the leaves and act as mobile signal in the SAM of buds as
well as growing tips. Evidences indicated that over-expression of RFT1 gene molecule with
vascular-specific promoter or constitutive promoter results in an early-flowering phenotype
under LD condition, while its suppression by RNA-interference (RNAi) procrastinate flowering
occurrence as described by Komiya et al. (2008) and Komiya et al. (2009). This implies that
flowering under LD condition in rice is basically a result of expression of this highly conserved
florigen, RFT1 (Tamaki et al., 2007; Tsuji et al., 2008).
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Figure 1. EX1 primer; separation of PCR product on agarose gel following amplification

The result of the sequencing analysis indicated that all the six sequences are highly conserved
from the region beginning at the start of the RFT1 until amino acid in position 69 with 99 %
degree of similarity (Figure 2). The highly conserved region among the different cultivars may
be due to their close evolutionary trend (Kojima et al., 2002, Komiya et al., 2008). However,
the sequence alignment revealed that RFT1 gene from the present research was partially
amplified due to presence of few gaps after the identified conserved regions. Moreover, the
target sequence was 182 amino acid sequence longer than the database template sequences.
Uniquely, the target sequence had some amino acids at the beginning of the sequence, which is
not in the other RFT1 sequences.
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Figure 2. Multiple sequence alignment of six indica rice cultivars. Pink colour indicates
highly conserved region (*); Yellow colour indicates average conserved region (:); Green
colour indicates less conserved region

Additionally, the sequence alignment between Wai cultivar and other five cultivars from
NCBI revealed that the amino acids diversity towards the end of the sequences is quite
enormous. This corresponds with the finding of Hagiwara et al. (2009) and Ogiso-Tanaka et al.
(2013) which indicated that defective RFT1 gene is found in indica cultivars and higher
diversity of nucleotides. They reported that about 16 amino acids changes in RFT1 was found
and this implies that functional constraint was relaxed in RFT1 after gene duplication. The
authors also demonstrated that the haplotype diversity of RFT1 and Hd3a was similar in
cultivated rice. Even though the RFT1 haplotype number is larger than that of Hd3a in the entire
gene region but smaller in the coding region.

There were almost 12 amino acid differences observed at closely loci as specified by regions
with blank or single dot below (cons) (Figure 2). These amino acid differences seem to be lesser
than the one reported by Ogiso-Tanaka et al. (2013) which communicated that about 16 amino
acid changes in RFT1, but still they shared higher uniformity. Equally, all the indica cultivars
with the exception of Basmati 370 were virtually 100 % conserved, while amino acid
substitution observed in Basmati 370 may contribute to the diversity of the cultivar.
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3.3. Molecular Phylogeny of RFT1 Gene from Malaysian Upland Rice
In evolutionary study, cladogram tree construction is of paramount importance as it functions
in inferring and clarifying the evolutionary relationship among species being studied
(Mohammed et al., 2019). As for this study, the relationship of amino acid sequences from
different rice cultivars (five indica and one japonica) obtained from the NCBI database and
with the one obtained from this study were analyzed with all positions. The phylogenetic
relationship of all rice cultivars was presented in a cladogram (Figure 3). The cladogram shows
the consensus phylogenetic tree of the 6 indica varieties and single japonica variety with a
consistency index (CI) of 1 and retention index (RI) of 1 which indicates that there is no
homoplasy and the character is totally steady with phylogeny (Drummond and Strimmer, 2001;
Norulaini et al., 2001). As shown in the consensus tree, the cultivars were classified into three
major groups and group one was categorized into sub-clades. The first group comprises of Wai,
Basmati370, Nipponbare, Muha and Kemasin. The second group consists of only Pokkali, while
third group has only Bleiyo.

Figure 3. The consensus tree derived from the multiple sequence analysis of RFT1 gene of
indica rice varieties
From the cladogram tree, Basmati 370 had some nucleotides as well as amino acids
differences from the other indica cultivars but showed close relation with Nipponbare
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(japonica). These correspond to the previous finding of Kovach et al. (2009), which revealed
that Basmati 370 has close evolutionary relationship with japonica varieties that is based on its
fragrance characteristic. Similarly, this analysis inferred classification of diverse indica into
three major groups and suggested that single indica cultivar from the five obtained from
database and Wai had some amino acids difference and relationship with japonica, even though
they originate from different areas. This actually gave better insight with regards to the
relationship among the aligned cultivars. However, upon construction of cladogram, Wai
cultivar indicated similarity to the japonica close related cultivar and japonica cultivar. Though
it forms the same sub-clade with Muha, a typical indica rice.

As well, these findings were supported by distinct phenotypic characteristic of the rice
cultivars. For example; indica varieties in terms of appearance and size they possess slender
and long grains, while japonica possess stumpy and short grains (Khush, 2000). Additionally,
most indica cultivars originated from many countries like India, Thailand and Indonesia,
whereas japonica cultivars originated from countries like China, Japan, Laos, Taiwan and
Vietnam (Sasaki et al., 2010). Therefore, there is a degree of similarity and diversity of RFT1
gene sequence among the verified cultivars from these two rice subspecies and thus, suggest
that RFT1 have high variability in Asia, which was recommended based on the RFT1 gene
phylogenetic analysis as described by Hagiwara et al. (2009).

4. Conclusion

The sequence alignment outcome showed that RFT1 was partially isolated, even though EX1
primer amplified the gene-based on its expected size. The analysis indicated that some amino
acids are missing at the middle or not amplified by the primers, but shown some amino acids at
the beginning. Similarly, the phylogenetic analysis inferred classification of diverse indica into
three major groups and, then, suggested that Wai and Basmati had some amino acids differences
and high similarity even though they originate from different areas. This actually gave better
insight with regards to the relationship among the aligned cultivars. Hence, this implies that
RFT1 gene could function as a potential biomarker for molecular characterization of rice
cultivars. Also, provides important information for better understanding of molecular evolution
as well as developing good breeding programs that would lead to development of new cultivar
with early flower production and good grain quality. Furthermore, better understanding of RFT1
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gene function and regulation will make rice a powerful model plant for understanding the flower
development at molecular level.
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Abstract

Article History

In vitro regeneration of Nicotiana tabacum was efficiently achieved
using growth regulators combination supplemented into semi-solid MS
medium using leaves from 1-month-old plant as explants. The growth
regulators used were NAA for auxin (0.0, 1.0, 2.0, and 3.0 mgL-1) and
BAP (0.0, 0.5, 1.0, 2.5, and 5.0 mgL-1). The effects of growth regulator
combination were assessed based on a number of callus formation,
shoots formation and fresh callus weight. The maximum number of
callus formation was 100 % at five hormone combination, observed at
the fourth week after culture. Maximum number of shoots produced per
explant was 21.4 shoots at 1.0 mgL-1 BAP + 3.0 mgL-1 NAA, after 6
weeks of culture. The maximum callus fresh weights were obtained at
0.5 mgL-1 BAP + 1.0 mgL-1 NAA after 6 weeks (9.92 g). The best
combination for shoots regeneration of Nicotiana tabacum was 1.0
mgL-1 BAP + 3.0 mgL-1 NAA. And the best combination for heaviest
callus production was 0.5 mgL-1 BAP + 1.0 mgL-1 NAA.
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Abbreviations BAP, 6-benzyl-aminopurine; IAA, indole-3-acetic acid; MS,
Murashige and Skoog medium (1962); NAA, napthaleneacetic acid

1. Introduction

Plant tissue culture covers the development of selected plant tissue and grown aseptically
for indefinite duration on a nutrient medium under controlled conditions (Mohammed,
2020). Tissue culture usually applied as a medium for micropropagation, creation of
virus-free plants (Arvas et al., 2018), genetics transformation (Kutty et al., 2011; Kaya et al.,
2013) and it is also demonstrated more effective in the creation of secondary metabolites,
1
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for examples, phenolics (Ozyigit, 2008), Juglone (Kocacaliskan et al., 2018) and
Anthocyanins (Marchev et al., 2020) etc. The most regular technique in tissue culture is
micropropagation which defined as a technique to procreate genetically clonal plantlets by
using tissue culture methods and it supports in creating pathogen-free stock plants (Arvas et
al., 2018) or genetically superior clones that cannot be propagated by seeds or plant that
with low propagation efficiency in conventional vegetative propagation (Kutty et al.,
2010). Moreover, plant cell exhibits its totipotency that every single cell can regenerate
into a whole new plant.

Shoot regeneration for tobacco from an explant has achieved attention in the past and
has promising application in the area of plant biotechnology (Deo et al., 2010). In addition,
Kaya (2010) showed that adventitious regeneration of tobacco plant has a higher
regeneration potential via embryogenesis when explants derived from cotyledons were
used. Thus, the aim of the research is to establish an easy and reliable technique for
maintenance of tissue cultures of Nicotiana tabacum cv. TAPM 26.

2. Materials and Methods

2.1. Culture Conditions

The seed of Nicotiana tabacum cv. TAPM 26 was provided by National Tobacco
Board Kota Bharu Kelantan. The study was achieved in the Department of
Biosciences, Faculty of Science, Universiti Teknologi Malaysia. In vitro plant
regeneration was pursued at 25 ± 2°C in either dark or light with a 16 h photoperiod and 6 h
dark distributed by cool white fluorescent tubes. The tissue culture medium was
heated to melting solutes and then distributed in tissue culture tubes for seed
germination of tobacco plant and tubes for regeneration.

2.2. Basic Media Preparation

Basic media was prepared based on Murashige and Skoog (1962) containing mineral
salts, micronutrients and vitamins, supplied with 20 gL-1 sucrose, 0.1 gL-1 myo-inositol and
3.2 gL-1 phytagel. The pH of the plant culture media was adjusted to 5.7 with either 1N NaOH
(sodium hydroxide) before sterilization. The tissue culture media were sterilized at 121°C
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for 21 min in an autoclave. After autoclaving, the medium was left to cool down to 40 to
45°C before combination of growth hormone (BAP and NAA) were added.
2.3. Preparation of Explants Material

Approximately 30 seeds of Nicotiana tabacum was placed in a test tube supplied with 2
mL of sterilizing solution (70 % ethyl alcohol). It was mixed gently for 20 min. Then the
sterilising solution removed and washed all the seeds with double sterile water for 3 times.
The seeds were put onto a sterile petri dish for drying and then the seeds were transferred to
germination medium. Only 5 seeds were put onto each petri dishes. After a few days the
germinated seeds will be ready to be used as a young plantlet that will be the source of
explants for plant tissue culture work. The leaves of plantlet were sterile as they grow in
the tissue culture systems under controlled parameters. In 4 weeks, the old plantlets were
used as sources of explant. Callus induction and shoots regeneration from callus was
obtained by using MS medium modified with auxin and cytokinin. The callus was induced
from leaf explant on media contained MS (Murashige and Skoog, 1962) salts, vitamins, 30
gL-1 sucrose, 8 gL-1 agar powder, 6-benzylaminopurine (0.0, 0.5, 1.0, 2.5 or 5.0) and 1naphthalene acetic acid (0.0, 1.0, 2.0 or 3.0 mgL-1 ).

The pH was adjusted during each experiment to 5.7 ± 1 with 1 N NaOH or 1 N HCl
using an electronic pH indicator. All the operations and inoculations were carried out
under aseptic conditions in laminar airflow cabinet.”
2.4. Data Analysis

All the assays were carried out in triplicates and the data were subjected to statistical
analysis of one-way ANOVA using SPSS 15.0 for Windows. A value of P<0.05 was
considered to be significant.

3. Results and Discussion

The explants produced callus on the one month after cultivation on all combination of
NAA and BAP at room temperature and 16 h light under plant growth chamber. The results
achieved in the aspects of callus weight and percentage of callus from hypocotyl explants.
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The first step in the start of plant tissue culture represents the disinfection of the explant or
seed. The efficiency of the surficial sterilization technique has an important effect on the
development and growth of the plant for tissue culture. Standard surficial sterilization
technique for starting a tissue culture of members of the tobacco plants comprise the
application of alcohol, sodium hypochlorite (Steyn et al., 1996; Ganapathi et al., 2004).

3.1. Effect of BAP/NAA on Callus Fresh Weight
In Figure 1, the maximum average weights of callus form were detected at 0.5 mgL-1 BAP
+ 1.0 mgL-1 NAA The maximum mean weight produces was 9.92 g while the minimum mean
weight was 0.127 g observed at the presence of zero growth regulator. The product of
experiments was analyzed using one-way ANOVA and the results were significant for a value
P<0.05. From the previous researches, the maximum mean weight produced was 1.81 g at 0.2
mgL-1 BAP and 3.0 mgL-1 NAA (Ali et al., 2007). This showed that lower concentration of
BAP and NAA created heavier and bulkier callus but too low or too high concentration may
retard the growth of the callus. Figure 2 showed the best callus formed in terms of fresh callus
weight as described in Figure 1.

Figure 1. The average weight of callus on different combination of growth regulator
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Figure 2. Fresh callus at MS+0.5 mgL-1BAP+1.0 mgL-1NAA. (Scale bar = 1.0 cm)

3.2. Effect of BAP/NAA on Callus Formation
At 3.0 mgL-1 NAA concentration; the callus formation was lower than others (Table 1). The
same result was observed for the maximum concentration BAP which only formed 20 % of
callus compared to other BAP and NAA combinations. This showed that explants need both
growth regulators combination to form callus.

Table 1. Percentage of callus formed for each growth regulator combinations

In Figure 3, the maximum number of callus induction percentage was 100 % at MS

66

media containing 0.5 mgL-1 BAP + 2.0 mgL-1 NAA, 1.0 mgL-1 BAP + 2.0 mgL-1, 2.5 mgL-1
BAP + 2.0 mgL1 NAA, 0.5 mgL-1 BAP + 3.0 mgL-1 NAA and 1.0 mgL-1 BAP + 3.0 mgL-1
mgL -1 NAA. Maximum concentration of hormone combination gives a medium percentage
of calli formation, about 66.7 %. This indicated that too low or too high concentration of
growth regulator may inhibit the formation of calluses.

Figure 3. The percentage of callus formed in different growth regulators combination

3.3. Effect of BAP/NAA on Shoots Induction
In Figure 4, it demonstrationed that shoots need 2.0 mgL-1 and 3.0 mgL-1 NAA
concentrations. The highest average number of shoots was 21.4 ± 2.13 per explant. At 0.0
mgL-1 and 1.0 mgL-1 of NAA concentration, there was no shoot formed. At all BAP
concentrations, there were shoots formed and it varied upon the combination. The highest
average number of shoots per explant was obtained from the combination of 1.0 mgL -1 BAP +
3.0 mgL-1 NAA. The results were analysed using one-way ANOVA and the results were
significant for a value P<0.05. The lowest number of shoots for per explants was observed on
MS medium supplemented with 2.0 mgL-1 NA (1.067 shoots per explants). Roots initiation
was not detected on all explants after 6 weeks culture. This showed that the NAA
concentration should be higher to achieve rooting or it takes longer time to regenerate. Figure
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5 shows the shoot callus for the best combination growth regulator used as described in Figure
4.

Figure 4. The average number of shoots formed

Figure 5. Shoots regenerated at 1.0mgL-1 BAP+ 3.0mgL-1 NAA. (Scale bar = 0.5cm)

From Table 2, it was indicated that different sizes of callus formed at different combination
of growth regulator. From the observation, the combination of 0.5 mgL -1 BAP and 2.0 mgL-1
NAA showed the best biggest callus size formed.
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Table 2. Different sizes of callus formed regenerates based on varies growth regulator
concentration after treatment for 6 weeks

The tobacco plant is created of several repetitive modules in its vegetative part, successively
generated by meristems. Tissue culture methods via calli have become an essential tool for plant
biotechnology such as Gossypium hirsutum L. (Ozyigit et al., 2007), Impatiens balsamina (Taha
et al., 2009), Lycopersicon esculentum Mill. (Jawad et al., 2020), Oryza sativa (Kaya and
Karakutuk, 2018) Tagetes minuta (Latifian et al., 2018), Citrullus lanatus cv. Round Dragon
(Ganasan and Huyop, 2010) and many others. The explant type and hormones are also
significant influences for in vitro plant regeneration (Kumar and Reddy, 2010). Explant was a
critical parameter when optimizing tissue culture methods (Kumar et al., 2011). Therefore,
choice of appropriate explants is an important factor of tissue culture of Nicotiana tabacum
(Kaya, 2010). Growing the explant of Nicotiana tabacum under different concentrations of plant
growth hormones such as BAP, NAA as very essential (Table 1). The combination of plant
growth hormone was crucial in determining the tissue culture performance resulting in plant
regenaration seen in shoot cultures. The present study (Figures 3 and 4) established the good
combination of hormone in the media preparation where the shoot formation from regeneration
of callus were established.

In conclusion, the results obtained showing the success of tissue culture of Nicotiana
tobacum with the best hormone combination would be MS + 1.0 mgL-1 BAP + 3.0 mgL-1
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NAA for production of maximum number of callus and also the highest shoots formation.
The callus started to form at fourth weeks after cultivation and the shoots started to initiate
two weeks later. Suitable growth regulator combination promote the optimum growth explants
and also induced the callus and shoots formation. It also helps to shorten the time taken to
initiate callus and shoots. The present method demonstrated that Nicotiana tabacum TAPM 26
was successfully propagated by organogenesis and can be applied for further research such as
transgenic Nicotiana tabacum TAPM 26.
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Abstract

Article History

Blue green algae are microscopic photosynthetic bacteria, naturally in
ponds, rivers, lakes and streams. Tetra pyrroles can be classified based
on the presence, position and substituents of a chelated metal in the
pyrrole ring. Heme and chlorophyll, which are the most common tetra
pyrolle in nature, are synthesized by blue green algae. Heme is an
essential cofactor for virtually all forms of life and the last step of heme
biosynthesis is catalyzed by ferrochelatase enzyme. In this study, blue
green algae, photosynthetic bacteria, isolated from Yeşilırmak were
used. Eight morphologically different isolates were obtained. The
highest specific activity belongs to isolate 8 as 0.217 Umg -1.
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1. Introduction
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Tetra pyrroles and their derivatives play an important role in all living organisms. They are
involved in many metabolic processes such as energy transfer, catalysis and signal
transduction.

Ferrochelatase (EC 4.99.1.1, protoHemeferrolyase) enzyme is an enzyme that shows a
catalytic effect in the in vivo synthesis of the proto Heme (Heme) structure (Dailey, 1990).
Heme, which is formed by the binding of the Fe2+ to protoporphyrin IX substrate under the
enzyme catalysis of the ferrochetase enzyme, is a compound found in all organisms other than
a few bacterial species and extremophile. Protoporphyrin IX is tetrapirol precursors for iron
chelation in heme biosynthesis. Although it is involved in oxygen binding and transport,
electron transport, anaemia is observed in synthesis disruptions or disorders and
protoporphyrins accumulating in the body have a toxic effect It is found in mitochondrial
1
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membrane in mammalian and yeast cells, while in bacteria it is present in the cytoplasmic
membrane (Al-Karadaghi et al., 1997; Hardison, 1999).

Blue green algae are versatile tetrapyrrole synthesizers that can produce end products
(heme, chlorophyll, phycobilins and cirrhome), which represent all the main branches of the
tetrapyrrole biosynthetic pathway. In addition, phylogenetic studies show that tetrapyrrole
synthesis genes in plants originate from blue green algae (Suzuki et al., 2002). Although blue
green algae are not characterized as much as in plants, recent studies of the biochemistry and
molecular genetics of this pathway have begun to take advantage of the oxygenic prokaryotic
organisms (Beale, 1994).

2. Materials and Methods

2.1. Isolation, Purification and Cultivation of Blue-Green Algae
Water samples were taken from Yeşilırmak in Amasya province in 2018. 100 mL of water
sample was inoculated in 100 mL of 2X concentrate BG11 medium and incubated for 4-6
week at 28°C in orbital shaker. Subsequent cultures were incubated in the BG11 solid
medium (contain 1 % agar). Purified cultures were examined under light microscope (Leica
DM500) morphologically.

Purified isolates were incubated in 250 mL volume flasks for 1 month for large volume
production, then the flask volume was increased to 1 lt and incubated for 2 months in fresh
medium. During incubation, ventilation was provided from the vacuum arm of Nuche flasks
with CO2 and O2 gases at certain intervals.

2.2. Protein Extraction

The density of the cells was adjusted to 0.5 absorbance at 750 nm. The cells were
centrifuged at 10000 g for 10 minutes, the supernatant was removed and the pellet was
washed with PBS buffer. After re-centrifugation, the pellet was resuspended in 200 µL PBS.
Cells were frozen at -80°C and rapidly thawed at 37°C. Cell wall was broken with
ultrasonication probe in ice. Tube walls were washed with 100 µL PBS buffer and collected
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by centrifugation at 7000 g for 10 minutes (Ivleva and Golden, 2007). Then the supernatant
was used as crude protein extract.

2.3. Determination of Protein Concentration

The protein contents of the extracts were determined according to the Bradford method
using bovine serum albumin as standard (Bradford, 1976).

2.4. Determination of Ferro-Chelatase Activity

1 mL of protein extract was incubated at 37°C in a Thunberg tube in a 4.2 mL reaction
volume containing 200 µmol porphyrin substrate, 400 µmol FeSO 4, 40 µmol GSH and 200
µmol phosphate buffer (pH 7.8). After incubation, the reaction was stopped by adding 1 mL
of pyridine, 0.5 mL of 1 N NaOH and 1 mL of water. The reaction mixture was divided into
two equal portions. In the first part, 2 mg of solid Na2S204 and in the second part, 0.05 mL of
3 mM K3 Fe(CN)6 were added and analyzed in UV-VIS spectrophotometer (Thermo Genesis
10S) (Porra and Jones, 1963). One unit of ferrochelatase activity is the amount of enzyme that
catalyzes the formation of 1 nmol metalloprotoporphyrin at 1 h at 37°C.

3. Results and Discussion
As a result of sampling from Yeşilırmak, blue green algae with 8 different morphologies
were isolated. As a result of the light microscopy examination of the isolates; It has been
determined that there are filamentous members with heterocyst fixating nitrogen (Figure 1).
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Figure 1. Light microscopy photographies of pure isolates (1-8)

As a result of protein extraction from 8 isolates protein content were found to be 26.1,
24.2, 26.2, 24.3, 23.3, 24.4, 28.1, 24.6 mgmL-1, respectively. The highest protein content was
found in isolate 7 (28.1 mgmL-1) and the lowest protein content was found in isolate 5 (23.3
mgmL-1). The ferrochelatase activity of the isolates is 5.12, 4.96, 4.44, 4.82, 4.54, 5.23, 3.91,
5.34 UmL-1, and the specific ferroschetase activity is 0.196, 0.205, 0.169, 0.198, 0.195, 0.214,
0.139, 0.217, respectively (Table 1). It was calculated as Umg-1. The highest specific activity
belongs to the isolate 8 as 0.217 Umg-1.
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Table 1. Ferro-chelatase activity of isolates
Sample

Isolate 1
Isolate 2
Isolate 3
Isolate 4
Isolate 5
Isolate 6
Isolate 7
Isolate 8

Protein
content
(mgmL-1)
26.1
24.2
26.2
24.3
23.3
24.4
28.1
24.6

Activity
(UmL-1)

Specific activity
(Umg-1)

5.12
4.96
4.44
4.82
4.54
5.23
3.91
5.34

0.196
0.205
0.169
0.198
0.195
0.214
0.139
0.217

The ferrochelatase activity of the wild and mutant strains of Spirillum itersonii on the
crude membrane was found to be 44 Umg-1 in the presence of mesoporphyrin substrate
(Dailey and Lascelles, 1974).

The specific activity of the ferrochelatase enzyme isolated from the Saccharomyces
cerevisiae mitochondrial membrane was found to be 15 Umg-1 (Camadro and Labbe, 1988).
Ferrochelatase enzyme activity of pig liver tissue homogenate was found as 2.1 Umg-1. As
a result of the purification process, the specific activity was calculated as 977 Umg-1 (Cánepa
and Llambías, 1988).

Myamato et al. (1994) expressed the enzyme ferrochelatase in Escherichia coli. The
specific activity of the enzyme in the cell was found to be 56.6 Umg-1.

Purification of Rhodopseudomonas sphaeroides membrane-bound ferrochelatase, the
protein concentration in the crude membrane was found as 21 mgmL-1, and the specific
activity of the ferrochetase enzyme was found to be 0.98 Umg-1. These results are similar to
the protein and specific activity values of our isolates. The specific activity after purification
was calculated as 1600 Umg-1 and it is thought that we can achieve similar results by applying
similar purification steps (Dailey, 1982).

In this study, the ferrochelatase activity of 8 different blue green algae isolates was
examined and similar activity results were obtained. The specific enzyme activity in
homogenate is low due to its high protein content. Therefore, the enzyme must be purified for
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high specific activity. However, there are limited data on the purification of the ferrochelatase
enzyme. This is due to the enzyme not being stabilized outside the cell. Although the
ferrochelatase enzyme has been studied in other organisms, bacteria, yeast, mammalian cells
and plants (Jones, 1968; Goldin and Little, 1969; Dailey, 1982; Martinge et al., 1994; Franco
et al., 1995), there is no comprehensive study with blue-green algae. Consequently, further
studies are needed to elucidate the ferrochelatase enzyme activities of blue green algae.
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Abstract

Article History

Activated carbon, one of the most important adsorbents used in the
industry, is a general definition used to describe carbon adsorbents,
which have a large crystal and amorphous structure and wide internal
pores. Activated carbon, which has started to be used in many fields in
recent years, is observed to be preferred as an important additive in the
food industry. This study aimed to investigate the reliability of the use
of activated carbon as a food additive in different model organisms,
such as Drosophila melanogaster, Artemia salina, and Daphnia magna.
To this end, the organisms were kept alive in nutrient media containing
activated carbon at different concentrations (0.1 mgmL-1, 0.5 mgmL-1, 1
mgmL-1, 2.5 mgmL-1, and 5 mgmL-1), and changes that occurred in their
percentage of survival were determined for 48 h. According to the data
obtained, for all three organisms, it was found that in comparison with
the control group, there was no decrease in survival percentages in any
of the experimental groups in which activated carbon was used. On the
contrary, there were increases depending on concentration. Especially in
A.salina, the percentage of survival, which was 78 % in the control
group, increased up to 87 % (P <0.05). As a result of the study, it was
concluded that activated carbon at the specified doses might be used
reliably as a food additive. It was evaluated that these results should be
supported by in vivo and in vitro studies to be conducted in different
organisms.
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1. Introduction

The carbon element present in the structure of living things exists very rarely in nature.
The carbon element is also a good absorbent due to its important properties, such as pore
volume, density, abrasion resistance, hardness, and grain size (Gündüzoğlu, 2008). One of the
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most important features of activated carbon is the wide surface area and its developed pore
structure (Dermanlı, 2006; Akyıldız, 2007).

The number of studies on the use of many biomass wastes such as hazelnut husk, apricot
kernel, corn cob, olive kernel, and rice stalk in the production of activated carbon is quite
high. In industrial applications, mostly coal and hazelnut husk are preferred as the starting
material for activated carbon production (El-Hendawy, 2005).

Activated carbon is most commonly used in adsorption and colour removal processes. The
removal of colour from textile wastes and especially, the purification of wastewater are of
great importance in reducing environmental problems (Köseoğlu, 2005).

There are two types of activated carbon in the food industry as an application area: 1Medical activated carbon is used as a food additive/drug and can be consumed orally, 2Activated carbon adsorbs unwanted compounds as a purification agent and removes them
from the medium. Activated carbons, which can be consumed orally, are commercially sold
as E153-coded food additive (CAS no: 7440-44-0), in the form of powder or granules, to be
used for colouring food and the adsorption of toxins in the body.

In the food industry, it is benefited from the high colour adsorption feature of activated
carbon to remove non-enzymatic browning reaction products in sugar, syrup, and molasses
production (Ozsoy, 2010; Bernal et al., 2016). There are some studies in the wine, vinegar,
and alcoholic beverage industries in which activated carbon is used to remove excess grains,
unwanted colour, odour elements, sediment, turbid substances, and provide aroma isolation
(Quintela et al., 2013; Lisanti et al., 2017; Tubia et al., 2018). Besides these, activated carbon
is nowadays added to foods such as bread, hamburger, lemonade, and ice cream.

In the current study, the possible effects of activated carbon used in foods were
investigated in three different model organisms. One of them, Drosophila melanogaster, is an
important model organism that is frequently preferred in biological studies and known as the
fruit fly. D. melanogaster, which was first used in experimental studies by Thomas Morgan in
1911, has many advantages in terms of use in such studies (Gui and Grant, 2008). Artemia
salina is a species widely used in ecotoxicological studies and applications worldwide
(Sanchez-Fortun et al., 1995). A. salina, of which the commonly known name is saltwater
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shrimp, is used in many scientific fields, such as ecology, physiology, ecotoxicology, aquatic
ecosystem, and genetics (Nunes et al., 2006). Another organism used in the present study is
Daphnia magna (Water Flea) freshwater zooplanktonic crustaceans and is known as water
flea among the people. Water fleas, which are rich in protein and essential fatty acids,
constitute the most important food source of fish and are used as a living food source by fish
farmers (Demirel, 2011). The easy and economical production of its culture due to its small
structure, short life, high spawning capacity, and sensitive structure to pollution, enabled
water fleas to be frequently used in aquatic toxicity tests (Demirel, 2011).

The aim of this study is to determine the toxic effect of activated carbon, which is used as a
nutrient in different concentrations, on survival percentages in different model organisms such
as Drosophila melanogaster, Artemia salina and Daphnia magna and investigate the safety of
its use as a food additive.

2. Materials and Methods

2.1. Material

Activated carbon, of which effect on living things was investigated, was procured from a
commercial producer. The activated carbon supplied is sold on the market in the powder form
for use in foods.

The Oregon R lineage (Diptera: Drosophilidae) of D. melanogaster used in the
experiments is a wild type (w.t.) lineage. This lineage is a homogeneous stock that has been
tailored for years at the Biological Research Laboratory of Amasya University, Faculty of
Science, Department of Biology. Reasons such as short life cycle (9-10 days), breeding a lot,
cheap raising conditions, and easy observation of possible variations make Drosophila an
ideal experimental organism. The eggs of Daphnia magna, another organism used in the
study, were obtained from a commercial firm and cultured in Çorum Science and Art Center
Biology Laboratory. The eggs of Artemia salina were obtained from a commercial company
and their larvae were obtained by using the egg hatching mechanism at the Biology
Laboratory of Çorum Science and Art Center.
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2.2. Method

2.2.1. Preparation of experiment sets and substance application

In the study, mortality rates in 3 different model organisms living in media containing
chronically activated carbon were calculated. The stock solution of the activated carbon, of
which effects on different living things were investigated, was prepared in 5 different
concentrations (0.1 mgmL-1, 0.5 mgmL-1, 1 mgmL-1, 2.5 mgmL-1, and 5 mgmL-1).

In the study, the Oregon (Wild Type) race was used to obtain the 3rd stage larvae of D.
melanogaster were procured from a commercial company operating in Turkey. Twenty-five
female and twenty-five male Oregon individuals were put in bottles containing nutrients.
These individuals were kept in the same medium for at least one day, and their mating was
provided. The individuals were then transferred to new bottles containing nutrients and were
expected to lay eggs in the medium for 8 h. Then, the individuals were transferred to other
bottles. An 8-h egg collection process aimed to obtain individuals in the same larval stage.
The individuals who reached the 3rd larval stage after 72 ± 4 h were separated under tap water
with the help of fine porous sieves. The 3rd stage larvae collected with the help of the sieve
were transferred to plastic bottles containing Drosophila ready-made food that was wetted by
adding 9 mL of the freshly prepared activated carbon concentrations to be studied. One-two
spatulas (100 larvae) of larvae were placed in each application medium. The number of flies
that became mature from 100 larvae (after 84-108 h), which were placed in media containing
different activated carbon concentrations, was noted. All treatment groups were fed in the
culture tubes placed in an oven, which was set at 25°C and had 40- 60 % relative humidity.

In the current study, D. magna, another organism on which the effect of activated carbon
was investigated, was reproduced in the laboratory under standard living conditions. Daphnia
magna procured from a private company serving in Turkey was used as a trial material. As
the experimental organism, firstly, individuals with eggs were selected and placed in a
separate medium, and after spawning was provided, the offspring were subjected to the same
feeding program (algae + yeast) for five days and used in the trial. One hundred individuals
with the same size and without eggs were taken from the D. magna stock solution and placed
in media containing activated carbon at different concentrations. The number of individuals
was counted for 48 h, and immobile and dead individuals were noted. No feeding was made
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during the experiments. 100 mL of the test medium containing the required activated carbon
was prepared in each experimental vessel, and 10 Daphnia magna individuals were used for
each experimental vessel. The temperature was kept at 20 ± 2°C during the experiment.

The eggs of A. salina, which was the other organism used in the present study, were
procured from a commercial company operating in Turkey. The eggs obtained were first
immersed in demineralized water at + 4°C and kept waiting for 1 h. During this period, cysts
that sank to the bottom of the water and remained on the surface were separated. The cysts
obtained were placed in the medium that had been previously prepared by dissolving 25 g sea
salt in 1 L of water. Nauplii larvae hatched from the eggs, which were exposed to powerful
aeration for 24 h, were drained and used in the experiments. The obtained Artemia individuals
were kept alive in media containing different concentrations of activated carbon, as 100
individuals in each. It was checked for 48 h, and immobile and dead individuals were counted
and noted. All experiments were repeated three times.

2.2.2. Statistical analysis

The statistical analysis of the data obtained from the experiments investigating the effects
of the examined substances on the percentage of survival was performed using the SPSS
(Statistical Package for the Social Sciences) 15.0 program.

3. Results

Activated carbon, which was applied in different doses to determine larval toxicity, did not
reduce the survival rates of D. melanogaster in stage 3 larvae (Table 1). As observed in Table
1, the survival rate, which was 94 % in the negative control group, increased to 95 % in the
highest treatment group of activated carbon (5 mgmL-1) depending on the dose increase. This
increase was found to be statistically insignificant (P<0.05). As a result of this study, it was
detected that activated carbon did not show any toxic effects in D. melanogaster larvae at any
concentration and did not increase larval mortality (Figure 1).

Table 1. Survival and mortality rates of Drosophila melanogaster larvae chronically fed with
different concentrations of activated carbon after 84-108 h
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Treatment
Groups

Concentration
(mgmL-1)

Number of
Larvae

Mortality
Rate ± SE

100

5.66 ± 0.33a

Survival
Percentage
(%)
94a

100
100
100
100
100

6.66 ± 0.66a
4.66 ± 0.66b
5.0 ± 0.15a
6.33 ± 0.33a
5.0 ± 0.15a

94a
96b
95a
94a
95a

Control
(Distilled
Water)
Activated
Carbon
(mgmL-1)

0.1
0.5
1
2.5
5.0

SE: Standard Error; Statistical evaluations of the difference between the groups were made within the group. Values shown with
different letters in the same column are significant at the level of p<0.05.

Figure 1. Comparison of the mortality rates of Drosophila melanogaster larvae raised in
media containing different concentrations of activated carbon

Afterwards, in the study, 100 individuals were used for each concentration to determine the
effects of activated carbon on D. magna (Table 2). Activated carbon, which was applied in
different doses in order to determine toxicity in D.magna adults, did not reduce survival rates
in D. magna individuals (Table 2 and Figure 2). As observed in Table 2, the survival rate,
which was 84 % in the negative control group, increased until 92 % in the highest treatment
group of activated carbon (5 mgmL-1) depending on the dose increase. This increase was
found to be statistically significant (P<0.05).
Table 2. Survival and mortality rates of Daphnia magna fed with different concentrations of
activated carbon after 48 h
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Treatment
Groups

Concentration
(mgmL-1)

Control
(Distilled
Water)
Activated
Carbon
(mgmL-1)

Number of
Adult
Individuals
100

Mortality Rates
± SE
16.0 ± 1.15a

Survival
Percentage
(%)
84a

100
100
100
100
100

13.66 ± 0.33b
14.0 ± 1.15b
12.66 ± 0.33c
10.33 ± 1.15d
8.33 ± 0.33e

86a
86a
87a
90b
92c

0.1
0.5
1.0
2.5
5.0

SE: Standard Error; Statistical evaluations of the difference between the groups were made within the group. Values shown wit h
different letters in the same column are significant at the level of p<0.05.

Figure 2. Comparison of the survival percentages of Daphnia magna raised in media
containing different concentrations of activated carbon

The data obtained as a result of the feeding of A. salina, which is commonly used in
ecotoxicological studies and applications, with activated carbon are presented in Table 3. In
A. salina, 100 larvae were used for each concentration. Activated carbon, which was applied
at different doses to determine toxicity in A. salina nauplii larvae, did not reduce survival
rates in A. salina individuals (Table 3 and Figure 3). As observed in Table 3, the survival rate,
which was 78 % in the negative control group, increased up to 87 % in the highest treatment
group of activated carbon (5 mgmL-1) depending on the dose increase. This increase was
found to be statistically significant (P<0.05).
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Table 3. Survival and mortality rates of Artemia salina (nauplii) fed with different
concentrations of activated carbon after 48 h
Treatment
Groups

Concentration
(mgmL-1)

Control
(Distilled
Water)
Activated
Carbon
(mgmL-1)

0.1
0.5
1.0
2.5
5.0

Number of
Larvae

Mortality Rates
± SE

100

22.0 ± 0.57a

Survival
percentage
(%)
78a

100
100
100
100
100

22.0 ± 0.33a
22.0 ± 0.66a
18.0 ± 0.33b
16.33 ± 0.88b
13.66 ± 0.66c

78a
78a
82b
84b
87c

SE: Standard Error; Statistical evaluations of the difference between the groups were made within the group. Values shown wit h
different letters in the same column are significant at the level of p<0.05.

Figure 3. Comparison of the survival percentages of Artemia salina nauplii larvae raised in
media containing different concentrations of activated carbon

4. Discussion

In the study, the effect of activated carbon on mortality rates in 3 separate organisms was
investigated. When firstly, the data on Drosophila melanogaster, which was the organism on
which the effect of activated carbon was investigated, were examined, the survival percentage
was 94% in the control group, while the same or higher data were obtained in the treatment
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groups (Table 1). When the data on Daphnia magna, which is a freshwater organism that is
frequently used in toxicity studies, were examined, while the survival percentage in the
control group was 84 % after 48 h, an increase occurred in survival percentages depending on
the increase in concentration in the experimental groups. The highest rate was observed to be
92 % in Daphnia fed in the medium containing 5 mgmL-1activated carbon (Table 2). When
the effect of activated carbon on Artemia salina, a brine organism, was examined, the survival
percentage in the control group was 78 %, while the survival percentage at 5 mgmL-1
concentration increased to 87 % (Table 3).

When the obtained results were examined, no negative effect of activated carbon was
found in 3 different organisms. It is thought that the results are significant in terms of
eliminating concerns about the use of activated carbon in foods. The use of activated carbon
in main consumption materials such as bread, hamburger, and lemonade, which are important
nutrients, is a subject that interests all people. Therefore, it is thought that this study should be
supported by other studies that will be conducted.

New application areas of activated carbon in the food industry are listed as follows:
retaining volatile fatty acids in anaerobic digestion processes, increasing methane gas
production performance with ammonia nitrogen rate control, purifying food additives, CO2
gas control in modified atmospheric applications, new generation antimicrobial agent,
removal of volatile organic compounds, recovery of aroma components, activated carbon
electrochemical sensors (EDCL electrode), and efficient separation processes with
electromagnetic activated carbons.

In the production of renewable energy (biofuels) from food waste, the overloading of the
reactor with volatile fatty acids in anaerobic digestion processes and increased ammonia
nitrogen, which is toxic to microorganisms with its high protein content, reduce the process
efficiency. Therefore, activated carbon applications are used to remove these components
from the reactor environment (Capson-Tojo et al., 2018).

Activated carbon is also used in the purification of additives such as monosodium
glutamate (MSG), glutamic acid, and hydrolyzed vegetable proteins (HVPs), which are
commonly used in the food industry (Wang et al., 2017; Kobayashi et al., 2018).
Hydrocarbons, cyclic structures, and aromatics, released in food production stages such as
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fermentation, cooking, evaporating, condensation, heating, and drying processes, are volatile
organic compounds that generally produce bad smell-taste in foods and show toxic,
mutagenic, and carcinogenic effects. Furthermore, during the cleaning and disinfection steps,
chlorine compounds and other polluting gasses such as H2S, NOX must be removed from the
medium. Activated carbons are more economical and reusable adsorbents for removing
volatile organic compounds from the medium (Olgun et al., 2017).

In a study, magnetic carbons that were produced with FeCl3, FeCl2, and urea-catalyzed
hydrothermal reaction, in which carbohydrates (fructose, glucose, and sucrose) of expired
beverages were used as carbon sources, were activated with KOH. Then, their removal with
water-soluble methylene blue dye with a 404.73 mgg-1 adsorption capacity was achieved (Liu
et al., 2019). In another study, in order to increase the absorption of triazine herbicides from
model food samples such as milk and rice, the separation of triazine herbicides depending on
the hydrophobic interaction between triazine herbicides coated with magnetic modified
activated carbon on a nonionic silicon surface and the adsorbent was achieved at a rate of 81
% in food samples (Mohd et al., 2019).

The effects of various food additives on the model organisms used in the study have been
tested in different studies. Some of these studies are as follows: It was determined that various
preservatives (sorbic acid, potassium sorbate, benzoic acid, sodium benzoate, potassium
acetate, sodium metabisulfite, potassium metabisulfite, sodium tetraborate, sodium sulfite,
and boric acid) had different effects and that among these substances, potassium acetate had
the least effect and sorbic acid had the highest effect. Benzaldehyde, which is used to give
flavour to foods, was revealed to be mutagenic and genotoxic (Güneş, 2016).

Activated carbon causing a colour change in the consumed foods leads to the emergence of
an unusual appearance such as black toothpaste, black hamburger. In a study conducted with
different food dyes, these food dyes were determined to cause a mutagenic effect. The
genotoxic effect of tartrazine, one of the food dyes, was investigated by Niraj et al. (1989)
with somatic mutation and recombination test in Drosophila. As a result of 0.06 % and 0.03
% tartrazine application, the researchers detected that tartrazine had both mutagenic and
recombinogenic effects (Niraj et al., 1989).
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Among food dyes (erythrosine, indigo carmine, patent blue, amaranth, and carminic acid),
the use of more than 25 mg of patent blue, more than 20 mg of carminic acid, more than 6 mg
of erythrosine, more than 2 mg of indigo carmine, and more than 10 mg of amaranth were
determined to show a lethal effect on the insect, and benzaldehyde, which is used to give
flavour to foods, was determined to be mutagenic and genotoxic (Güneş, 2016).

In another study conducted with Daphnia magna, the effect of monosodium glutamate
(MSG), which is a highly controversial compound and found in the American diet, was
investigated. This compound, which is generally used as a supplement for flavour, was
reported as being considered safe (U.S. Food and Drug Administration, 2012).

In another study conducted with Daphnia magna, the effect of food dyes was evaluated. In
the study conducted by Abe et al. in 2017, Basic Red 51 (BR51) dye was observed to be
extremely toxic. An increase was detected in the respiratory levels of D.magna in the short
term, and negative effects were detected in its reproduction in the long term. Artemia salina,
another organism used in the study, is an organism commonly used in toxicity and ecotoxicity
tests.

Activated carbon, which has started to be also used in food products in recent years,
attracts attention due to the change it causes in the colour of food products. Its presence also
in frequently consumed foods, such as bread, hamburgers, and lemonade, has raised doubts in
consumers about its benefits and harms. Determining the genotoxic potential of preservatives
used in foods is of great importance in terms of food safety, human health, and quality of life.
Even if the preservatives commonly used in foods are used in amounts that do not harm the
health, it should be taken into consideration that these substances may accumulate in the body
over time and thus threaten human health directly or indirectly. It is necessary to show the
utmost care and sensitivity in the use of food additives, to increase the level of awareness of
manufacturers and consumers in terms of food safety and to strengthen the control
mechanisms related to food health. In this respect, the current study is thought to be valuable
in terms of eliminating doubts. Not observing any negative effects in Drosophila
melanogaster, Artemia salina, and Daphnia magna, which are important model organisms,
creates a hope about the subject that these products containing activated carbon will be
consumed safely.
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In this article, we define the concept of (strongly) coatomic refinable
modules as a proper generalization of (strongly) refinable modules. It is
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1. Introduction

In this paper, all rings are associative with identity and all modules are left modules. Let R
be such a ring and let M be an R-module. The notation N⊂M (N⊆M) means that N is a
(proper) submodule of M. A submodule U is called small (in M), denoted by U<<M, if M = U
+ K for every proper submodule K of M (Wisbauer, 1991). Following (Wisbauer, 1991), a
module M is called hollow if every proper submodule of U is small in M. M is called local if it
is hollow and finitely generated. By Rad(M), namely radical, we will denote the sum of all
small submodules of M. It is well known that Rad(M) is the intersection of all maximal
submodules of M. It is clear that if a module M is hollow, then Rad(M)<<M or M = Rad(M).

Let M be a module. M is called coatomic if every proper submodule of M is contained in a
maximal submodule of M (Zöschinger, 1974). Every finitely generated module is coatomic,
and coatomic modules have small radical. It can be seen that if a coatomic submodule N of a
module M is contained in Rad(M), then N is a small submodule of M. Also, over a Dedekind
domain every small submodule of a module is coatomic. The class of coatomic modules is
closed under factor modules and extensions. In general, a submodule of a coatomic module
1
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need not be coatomic. Over a commutative noetherian ring, every submodule of a coatomic
module is coatomic. A ring R is called a left max ring if every nonzero left R-module have a
maximal submodule. Left perfect rings (over which every module has a projective cover) are
left max rings. It is known that a ring R is a left max ring if and only if every nonzero left Rmodule is coatomic.

For any ring R, an R-module M is called supplemented if every submodule N of M has a
supplement, that is a submodule K minimal with respect to N + K = M. K is a supplement of N
in M if and only if N + K = M and N∩ K<< K (Wisbauer, 1991). Every direct summand of a
module M is a supplement submodule of M, and supplemented modules are a proper
generalization of Artinian modules.
Mohamed and Muller (1990) call a module M ⨁-supplemented if every submodule N of M
has a supplement that is a direct summand of M (Mohamed and Müller, 1990). Every ⨁supplemented module is supplemented, but a supplemented module need not be ⨁supplemented in general (see Mohamed and Müller, 1990, Lemma A.4 (2)). It is shown in
Mohamed and Müller (1990), 3, Proposition A.7 and Proposition A.8] that if R is a Dedekind
domain, every supplemented R-module is ⨁-supplemented. Hollow modules are ⨁supplemented. Characterizations and the structure of supplemented and ⨁-supplemented
modules are extensively studied by many authors.

A module M is lifting if every submodule N of M contains a direct summand L of M such
that M = L ⨁ K and N ∩K << K (see Clark et al., 2006). Every projective module over a left
Artinian ring is lifting, and lifting modules are ⨁-supplemented (see Wisbauer, 1991, 41.15).

In Wisbauer (1996), the class of (strongly) refinable modules is introduced as a proper
generalization of lifting modules. An R-module M is called refinable if, for any submodules
U, V ⊆M with M = U + V, there exists a direct summand U of M with A ⊆U and M = A + V.
Every finitely generated regular module is refinable. A module M is said to be strongly
refinable if, in the given situation, there exist submodules A ⊆U, B ⊆ V of M with M = A ⨁ B.
Hollow modules and semisimple modules are strongly refinable.

In this paper, we define the concept of coatomic (strongly) refinable modules. The class of
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(strongly) coatomic refinable modules properly contains the class of refinable module. We
prove that every direct summand of a coatomic refinable module is coatomic refinable. We
show that if a coatomic refinable module M is 𝜋-projective, then it is strongly coatomic
refinable. We also prove that if coatomic direct summands lift modulo every coatomic
submodule of M, then M is coatomic refinable.

2. Coatomic Refinable Modules

In this section, we give basic properties of (strongly) coatomic refinable modules. In
particular, we show that every direct summand of a coatomic refinable module is coatomic
refinable.

Definition 2.1. Let M be a module. M is called coatomic refinable if, for any coatomic
submodule N of M and any submodule K of M with M = N + K, there exists a direct summand
N of M with 𝑁′ ⊆ N and M = N' + K, and M is called strongly coatomic refinable if, for any
coatomic submodule N of M and any submodule K of M with M = N + K, there exist
submodules N' and K' of M with N' ⊆ N, K' ⊆ K, M = N' + K and M = N ' ⨁ K'.

Clearly, (strongly) refinable modules are (strongly) coatomic refinable. The following
example shows that a strongly coatomic refinable module need not be refinable. The
following well-known fact is given for completeness.

Lemma 2.2. Let R be a Dedekind domain and M be an R-module. Assume that a submodule N of M is contained in Rad(M). Then, N is a small submodule of M if and only if N is
coatomic.

Example 2.3. Consider the ℤ-module M = ℤℚ. Therefore, we have that M = Rad(M). If N
is a coatomic submodule of M, it follows from Lemma 2.2 that N is a small submodule of M.
So we can write M = N + M = 0 ⨁ M and 0 C N. It means that M is a strongly coatomic
refinable module. On the other hand, M is not refinable.

Proposition 2.4. Let R be a commutative noetherian ring and M be a (strongly) coatomic
refinable R-module. If M is coatomic, then it is (strongly) refinable.
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Proof. Let M be a coatomic R-module. Since R is commutative noetherian, every submodule of M is coatomic. By the assumption, M is (strongly) refinable.

Proposition 2.5. Let R be a left max ring and M be an R-module. Then, M is (strongly)
coatomic refinable if and only if it is (strongly) refinable.

Proof. (⇒) Let M be a (strongly) coatomic refinable module. Since R is a left max ring, it
follows that every submodule of M is coatomic. Hence M is (strongly) refinable.
(⇐) It is clear.
Recall from [4, 41.13] that M is called 𝜋-projective if for every submodule N, K of M and
identity homomorphism IM : M ⟶ M with M = N + K there exists y∈ End(M) with IM(y) ⊆ N
and Im(IM — y) ⊆ K.
Proposition 2.6. Let M be a coatomic refinable module and 𝜋-projective. Then M is
strongly coatomic refinable.

Proof. Let N be any coatomic submodule of M. Suppose that there exists a submodule K of
M such that M = N + K. By the hypothesis, there exist submodules N, L of M such that N' ⊆
N, M = N' ⨁ L and M = N' + K. By Clark et al. (2006, 4.14), there exists a submodule K' of M
such that K'⊆K and M = N ⨁ K. Thus M is strongly coatomic refinable.

Now we prove that the property coatomic refinable is inherited by direct summands.

Theorem 2.7. Let M be a module. If M is a coatomic refinable, then every direct summand
of M is coatomic refinable.

Proof. Let N be any direct summand of M. Then there exists a submodule K of M such that
M = N ⨁ K. Let U be any coatomic submodule of N. Suppose that N = U + V for some
submodule V of N. Then M = U + (V + K). Since U is coatomic submodule of M and M is a
coatomic refinable module, then there exist submodules U, T of M such that U' ⊆ U, M = U'
⨁ T and M = U' + (V + K).
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By the modularity, we have N = N ∩[U' + (V + K)] =

U'+ [V + (N ∩ K)]

=U'+V. Thus

U is a coatomic refinable module.

Recall from Wisbauer (1991) that A submodule N of M is called fully invariant if f (N) is
contained in N for every f∈ End(M). A module M is called a duo module provided every
submodule of M is fully invariant (Ozcan et al., 2006).

Theorem 2.8. Let {𝑀𝑖 }𝑖∈𝐼 be a family of coatomic refinable modules and M = ⊕𝑖∈𝐼 Mi. If M
is a duo module, then M is coatomic refinable.

Proof. Let U be any coatomic submodule of M. Suppose that there exists a submodule V of
M such that M = U + V. By the hypothesis, U = ⊕i∈I (U∩Mi). Since, for every i∈I, U∩Mi is
homomorphic image of U, U∩Mi is a coatomic submodule of U. So, for every i∈I, U∩Mi is a
coatomic submodule of Mi. Now we can write
Mi = Mi ∩(U + V)
= Mi ∩[ ⊕i∈I (U∩Mi)+ V]
= (U ∩Mi) + Mi ∩ [⊕i≠j∈I (U ∩ Mj) + V]
for every i∈I. Since Mi is coatomic refinable for every i ∈I, we obtain that
Mi=Ui+[⊕i≠j∈I (U ∩ Mj) + V

and

Mi

Where Ui and Vi are submodules of Mi with

=

Ui ⨁Vi

Ui⊆ U ∩Mi.

So, ⊕𝑖∈𝐼 Ui⊆ U and

M =(⊕𝑖∈𝐼 𝑈𝑖 ) +(⊕𝑖∈𝐼 𝑉𝑖 ) Note that
M = ⊕𝑖∈𝐼 Mi
= ⊕𝑖∈𝐼 {𝑈𝑖 + [[⊕𝑖≠𝑗∈𝐼 (𝑈 ∩ 𝑀𝑗) + 𝑉]}
= ⊕𝑖∈𝐼 𝑈𝑖 +⊕𝑖∈𝐼 [⊕𝑖≠𝑗∈𝐼 (𝑈 ∩ 𝑀𝑗) + 𝑉]
= ⊕𝑖∈𝐼 𝑈𝑖 +⊕𝑖∈𝐼 (𝑉 ∩ 𝑀𝑖 )
It follows from the hypothesis that V = ⊕𝑖∈𝐼 (V ∩Mi). Therefore M = ⊕𝑖∈𝐼 Ui + V. Thus M
is coatomic refinable.

Recall from Clark et al. (2006, 11.26) that a module M is called direct summands lift
modulo a submodule N of M if, under the canonical projection p : M ⟶M/N, every direct
summand of M/N is an image of a direct summand of M. Similarly, a module M is called
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(finite) decompositions lift modulo N if, whenever M/N is expressed as a (finite) direct sum of
submodules Mi/N, then M = ⊕𝑖∈𝐼 Ki, where p(Ki) =Ki/N for each i ∈ I.
Proposition 2.9. Let M be a module. If coatomic direct summands lift modulo every
coatomic submodule of M, then M is coatomic refinable.

Proof. Let N be any coatomic submodule of M. Suppose that a submodule K of M with M
= N + K and the canonical projection p : M ⟶ M/K. Since N is coatomic submodule of M,
then N+K/K is coatomic direct summand of M/K. By the hypothesis, N is a coatomic direct
summand of M. So M is coatomic refinable.

Proposition 2.10. Let M be a module. If coatomic decompositions lift modulo every
coatomic submodule of M, then M is strongly coatomic refinable.

Proof. Let N be any coatomic submodule of M. Suppose that a submodule K of M with
M=N+K. Say L=N∩K. Then M/L=N/L ⨁

K/L. Suppose the canonical projection

g:M⟶M/L. Since g(N)=N/L and g(K)=K/L, we have M=N⨁K by the hypothesis. Therefore
M is strongly coatomic refinable.
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Abstract

Article History

Several molecular markers have been developed to explore genetic
diversity, resistance against biotic/abiotic stress, disease, biomarker and
evolutionary relationships in different genomes. These markers could be
classified as sequence, hybridisation, PCR and retrotransposon based
techniques. In this study, procedure and applications of AFLP
(Amplified Fragment Length Polymorphism), ITS (Internal Transcribed
Spacer), IRAP (Inter Retrotransposon Amplified Polymorphism), SSR
(Simple Sequence Repeats), VNTR (Variable Number Tandem
Repeats), SNP (single nucleotide polymorphism), CAPS (Cleaved
Amplified Polymorphic Sequences), SCoT (Start Codon Targeted
Polymorphism), SSCP (Single Strand Conformational Polymorphism)
markers in plant, animal and human genomes were discussed.
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Markers are properties that could be used to distinguish intra- and/or inter-populations.
When compare to morphological markers, molecular markers are more useful, more robust
and independent of environmental conditions. Moreover, the strength of these markers has
been increased with advances in next-generation sequencing technologies (Grover and
Sharma, 2016; Nadeem et al., 2018). Many studies are using these markers in different
genomes. However, plant genomes are mainly investigated to analyse genetic diversity by
using these markers. Here, we present a detailed procedure and application of various
molecular marker techniques in animal and human in addition to plant genomes.
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2. AFLP (Amplified Fragment Length Polymorphism)

AFLP is one of the PCR-based molecular marker technologies using DNA fragments after
digestion with restriction enzymes and compares fingerprints to analyse differences in DNA
sequences (Figure 1). The advantage of this method is as follows: no prior information about
target genome, high reproducibility and sensitivity. AFLP technique has been used for genetic
diversity within and between species, genetic map and evolutionary relationships. Moreover,
transcriptomic variations and epigenetic studies such as DNA methylation are also analysed
by using this technique (Paun and Schönswetter, 2012).

Figure 1. Procedure of AFLP molecular marker. 1. Genomic DNA is digested with
combination of EcoRI (blue) and MseI (red) restriction enzymes. 2. EcoRI- (blue) and MseI
(red)- specific adapters are ligated to the fragment ends. 3. In pre-amplification step; primersspecific to adapter sequences are used to amplification of fragments. 4. In selective PCR
amplification step, selective nucleotides are added to EcoRI and MseI primers. 5.
Amplification products are analysed by using denaturing polyacrylamide gels (Vuylsteke et
al., 2007)

There are numerous reports to identify polymorphisms among plants via AFLP molecular
marker. One of them was carried out by Moya-Hernández et al. (2018). They performed
comparative analyses related to genetic diversity of C. ficifolia found in some regions of
Mexico, reporting a total of 195 bands with 24.6% polymorphism. Similar to this study,
99

Ovesna et al. (2018) used AFLP markers to investigate diversity in a different plant, S.
sonchifolius. They found higher polymorphism ratio (97.3%) among plants and reported that
this ratio much higher than previous studies.

In some studies, molecular marker combinations have been used to better understand
efficiency of markers to investigate polymorphism and comparison the results. Cao et al.
(2019) performed one of these studies by using Simple Sequence Repeat (SSR) and (AFLP)
markers. They investigated genetic diversity of Pyrus pyrifolia var. Nakai. As a result of SSR,
AFLP and SSR+AFLP analyses, they observed rich genetic diversity in Nakai varieties.
Similarly, Hadipour et al. (2020) also analysed AFLP and ISSR primer combinations in 67
P.bracteatum genotypes. Among populations, 52% for ISSR and 48% for AFLP
polymorphism ratios were detected.

3. ITS (Internal Transcribed Spacer)

Ribosomal RNA gene and spacer regions have provided phylogenetic knowledge in
prokaryotes and eukaryotes. Ribosomal DNA consists of coding regions (18S, 5.8S and 28S)
together with two ITS regions and one NTS (non-transcribed spacer) (Wei et al., 2006)
(Figure 2). ITS is a degraded region during maturation in ribosomal transcript.

Figure 2. ITS regions together with ribosomal subunits (Choudhary et al., 2015)

ITS due to more variation properties than ribosomal sequences have been commonly used
for molecular markers to figure out phylogenetic analysis and/or identification of bacteria,
plant and animal strains and/or species (Lee et al., 2017; Rocha et al., 2019; Ali et al., 2019;
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Fazeli-Nasab et al., 2020). Pourahmad et al. (2019) performed sequence analysis of the
mycobacterial 16S-23S ITS region to determine aquatic mycobacteria species, reporting
effectiveness of this marker. In another study, Yu et al. (2020) evaluated the species
specificity of ITS. For this purpose, they improved a determination method based on 500 ITS
sequences. They concluded that the accuracy ratio of this procedure was 99.3% and 100% for
species level and genus level, respectively in Streptococcus. A similar study was performed in
a fungal community. Deng et al. (2020) investigated the specificity of ITS sequences by using
in silico and even experimental analyses. They suggested that primer selection could affect
the finding of amplicon‐based metabarcoding studies due to different taxonomic levels.

4. IRAP (Inter Retrotransposon Amplified Polymorphism)

IRAP is a retrotransposon-based molecular marker technique, using primers face outwards
from LTR (Long Terminal Repeats) regions. Single primer or different primers depending on
LTR sequences are used for amplifying genomic DNA regions between retrotransposons
(Kalendar and Schulman, 2006) (Figure 3). In this technique, high polymorphism levels could
detect without DNA digestion, ligations or probe hybridisation.

Figure 3. Procedure of IRAP molecular marker
(http://www.biocenter.helsinki.fi/bi/genomedynamics/markers.html)

There are many retrotransposons based molecular markers but IRAP method has been used
for several studies to investigate genetic diversity, especially plant species (Noormohammadi
et al, 2018; Lancíková and Žiarovská, 2020). Furthermore, there are also different studies
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using combination of two retrotransposon markers: IRAP and REMAP (RetrotransposonMicrosatellite Amplified Polymorphisms). One of them was carried out by Holasou et al.
(2019) to evaluate genetic diversity in wheat (Triticum aestivum L.). They reported that both
methods produced highly polymorphic bands in samples. Shingote et al. (2019) also identified
that IRAP system was superior to ISSR in terms of marker in terms of index, resolving power
and polymorphic loci per assay.

In addition to REMAP and ISSR, SCoT (start codon-targeted) markers together with IRAP
has also been used to analyse relationships among samples. Guan et al. (2020) investigate
genetic diversity of 268 Diospyros accessions from different regions in China, determining 90
and 97 polymorphic alleles from nine SCoT and nine IRAP markers. Shehata et al. (2020)
performed different study in both yeast (Saccharomyces cerevisiae L.) and barley (Hordeum
vulgare L.) by using IRAP and SCoT. Obtaining findings indicated that different band
patterns observed between control and salt treatments, and even the high levels of salinity
could cause new retrotranspositions.

5. SSR (Simple Sequence Repeats)

Genomes consist of repetitive elements classified as interspersed repeats and tandem
repeats depending on distribution SSR (microsatellites) with units of 1 to 6–10 bp are subclass
of microsatellites in tandem repeats (Dumbovic et al., 2017) (Figure 4). There are two main
approaches to develop SRR primers: i. Analysing known SSR primers already improved for
related species and ii. production of genomic library and improving SSRs b using NGS
technologies (Csencsics et al., 2010). In addition to genomic analyses, de novo transcriptome
sequencing (RNA-Seq) is also reliable approach for SSR development in different species,
(Taheri et al., 2018).

Figure 4. SSR markers (https://www.ncbi.nlm.nih.gov/probe/docs/techsts)
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SSR markers have also been widely used in genetic diversity studies especially in plants
such as rice (Jasim Aljumaili et al., 2018), walnut (Bernard et al., 2018), torch ginger (Ismail
et al., 2019), maize (Adu et al., 2019), Norway spruce (Bínová et al., 2020) and chickpea
(Asadi et al., 2020). Moreover, development of EST-SSR markers have been also studied in
Indian mulberry (Thumilan et al., 2016), Lycium barbarum (Chen et al., 2017), Bletilla striata
(Xu et al., 2018), Lilium (Biswas et al., 2018), Chinese Hawthorn (Ma et al., 2019) and opium
poppy (Vašek et al., 2020). In addition to plants, these markers are also used for animal (Li et
al., 2020; Silva Junior et al., 2020) and human (Pai et al., 2016).

6. VNTR (Variable Number Tandem Repeats)

VNTR also known as minisatellites are a member of repetitive DNA sequences dispersed
in genome. They organised as tandem repeat units of a 10–60 base motif, flanked by
conserved DNA restriction sites (Figure 5). These sequences show variations in length
(number of repeats) among individuals (Singh et al., 2008).

Figure 5. SSR markers (https://www.ncbi.nlm.nih.gov/probe/docs/techsts)

VNTRs are an important source of RFLP (Restriction Fragment Length Polymorphism)
markers in linkage analysis (mapping) of genomes. Similar to other molecular markers,
VNTR method has been also utilised for genetic diversity and understand evolutionary
relationships between species (Apablaza et al., 2015; Hu et al., 2015; Ghielmetti et al., 2017).
The versatility of this marker allows it to be easily used in different organisms. Mathema et al.
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(2019) evaluated six microsatellite markers were developed and tested in 37 P.
malariae isolates, concluding sufficient heterozygosity among samples. Furthermore,
Sneideris et al. (2019) reported high genetic diversity as a result of VNTR tests on F.
graminearum isolates. Najar-Peerayeh et al. (2019) studied with other basteria species, A.
baumannii, determining high level of polymorphism similar to Sneideris et al. (2019).

7. SNP (Single Nucleotide Polymorphism)

Single nucleotide polymorphisms (SNP) are found almost all living things. If more than
1% of a population not carry a same nucleotide at a specific DNA position, then this variation
can be named as a SNP. SNPs can occur once every 1000 bases or so. Not only a SNP is a
nucleotide difference in DNA but also causes genetic polymorphisms among individuals and
even populations (Perkel, 2008) (Figure 6).

Figure 6. SNPs are DNA differences found in a specific location
(https://genetics.thetech.org/ask-a-geneticist)

SNPs are used to identify gene or genes responsible for traits (Li et al., 2020; Ayala-Usma
et al., 2020). In human, animal and plant genomes, there are many studies in terms of SNPs
analyses. Among them, Kuhn et al. (2019) investigated biallelic SNP markers in mango
germplasm. Zafar et al. (2020) studied with the relationships between oleic acid and SNPs in
Brassica napus. Moreover, Amanullah et al. (2020) developed SNPs based cleaved amplified
polymorphism sequence (CAPS) markers in melon. In a different analysis, Zhao et al. (2019)
studied with meat from yak and cattle, identifying higher polymorphism in the cattle
population and monomorphism in the yak population. Fatai et al. (2020) performed in silico
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analyses to identify functional and structural effects of inhibin A gene which is a growth
factor and relationships between this gene and SNPs. In addition to correlating trait and SNPs,
some SNPs can also be associated with certain diseases (Liu et al., 2020; Shibeshi et al.,
2020).

8. CAPS (Cleaved Amplified Polymorphic Sequences)

CAPS are DNA fragments amplified by PCR using specific primers, then digestion of
these amplicons with a restriction enzyme. Length polymorphisms as a result of variation in
restriction sites are determined by gel electrophoresis (Figure 7). Therefore, this technique is
also referred to PCR-Restriction Fragment Length Polymorphism (PCR-RFLP) (Singh et al.,
2008).

Figure 7. Procedures of CAPS technique (Agarwal et al., 2008)

Polymorphisms analyses by using CAPS markers can be used for analysing structural
properties (Babu et al., 2017), biotic/abiotic stress (Hubhachen et al., 2020) in addition to
genetic diversity and molecular breeding (Kawahara et al., 2020). In one study, Gunaydin and
Kafkas (2017) characterised strawberry varieties by using SSR and CAPS markers. They
suggested that SSR was considered to be better than CAPS in terms of polymorphism rates.
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Amanullah et al. (2020) combined SNP-CAPS markers to investigate in Cucumis melo L,
identifying 7 QTLs for melon ovary traits.

9. SCoT (Start Codon Targeted Polymorphism)

SCoT is depended on short conserved region in genes surrounding the ATG translation
start (or initiation) codon. Therefore, primers are designed according to the short conserved
region flanking the ATG start codon (Figure 8). Amplicons are evaluated by standard gel
electrophoresis with agarose gels (Collard and Mackill, 2009).

Figure 8. Principle of SCoT analysis (Collard and Mackill, 2009)

Similar to other molecular markers, SCoT could be successfully practised for genetic
diversity (Vivodík et al., 2019; Vanijajiva et al., 2020; Xiao et al., 2020). In some studies,
SCoT markers were combined with other molecular markers. Etminan et al. (2016)
investigated SCoT and ISSR markers together to analyse durum wheat genotypes. In another
study, Shekhawat et al. (2018) used SCoT and CBDP (CAAT-box derived polymorphism)
markers for Prosopis cineraria. Similarly, Gholamian et al. (2019) also studied with T. urartu
by using SCoT and CBDP markers. El-Fiki and Adly combined RAPD and SCoT markers to
characterise potato cultivars.
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10. SSCP (Single Strand Conformational Polymorphism)

SSCP is based on the electrophoretic mobility of a single-stranded DNA molecule in a
non-denaturing gel. This conformational difference depends on the length of strand, sequence,
location and number of base pairs (Gasser et al., 2006) (Figure 9).

Figure 9. The principle of SSCP analysis. Dot indicates point mutation cause single-strand
conformations (Gasser et al., 2006)

Youssef and Shalaby (2016) studied with Citrus Tristeza Virus (CTV), an important virus
for citrus, to characterise populations of CTV and id determine haplotypes in populations by
using SSCP marker. Zheng et al. (2016) also screened CRISRP-Cas9-mediated targeted
mutagenesis in rice via SSCP application. They determined small indels and multiple mutants.
In another study, Tchouomene-Labou et al. (2020) used SSCP technique to explore genetic
differentiation, gene flow, demographic history and phylogenetic relationship in
mitochondrial genes of Glossina palpalis palpalis populations.
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11. Conclusion

Each marker system has advantages and disadvantages. Therefore, many studies have been
performed by using combination of different markers to eliminate disadvantages. Moreover,
the continuous development of molecular markers with advancements in sequencing
technologies has provided a powerful tool in biotechnological research. It is important to
know procedures and applications of molecular markers to improve existing markers and
production of new markers.
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