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Abstract

The environmental conditions that the plant is exposed to during micropropagation may cause some variations in the species, 
which may cause the loss of some properties of the plant and even decrease its economic value. In this study, clonal propagation 
was carried out by four-week subculturing procedures of rootstocks obtained by using seeds of traditional citrus species, Citrus 
sinensis (L.) Osbeck (sweet orange) as starting material. Then, the genetic stability of the clones obtained from the same rootstock 
plant was determined by using ISSR primers, one of the molecular marker techniques. When the visualization of the PCR products 
were analyzed, the genetic stability was calculated as 92%, 94.29% and 96.57% at the end of one year in micro-shoots developed 
from rootstocks of a total of three C. sinensis clones. This ratio is considered as successful results in determining the maintainability 
of genetic stability.

Keywords: Citrus sinensis; genetic stability; ISSR PCR; micropropagation; somaclonal variation

Introduction and Background
In the world, the citrus trees are one of the most planted fruit 

species. These fruit trees are of excellent importance as production 
is higher than other economically important trees and is crucial for 
the implementation of preservation strategies and the prospecti-
ve use of genetic resources [1]. There is an increasing demand and 
consumption of oranges in direct proportion to its widespread use 
and the increasing population rate around the world. While a total 
of 98 million tons of citrus was cultured worldwide in the 2020/21 
production season, there is a 5% increase in total citrus production 
compared to the previous time. Orange, on the other hand, provides 
51% of the total citrus production, followed by grapefruit with 7%, 
lemon with 9%, and tangerine with 34% respectively. Compared  

 
to the previous season, the highest increase in production among 
citrus products was seen in orange, with a rate of 8%. While Brazil 
maintains its leadership in world orange production with a produ-
ction share of 16.9 million tons, Turkey ranks seventh by meeting 
3% of the world’s orange production [2]. Plant micropropagation 
techniques has emerged as a effective tool for the development 
and production of different woody species, including Citrus [3,4]. 
Micropropagation from common plant tissue cultures is also an im-
portant technique for citrus because it ensures maximum genetic 
stability of the resulting plants. Therefore, micropropagation be-
comes important and remains the only viable alternative to build 
up a stock of valuable plant material. There are different strategies 
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routinely used for micropropagation of citrus [5,6]. Among them, 
axillary augmentation using the nodal segment as explant is consi-
dered the best as it does not contain a callus phase, thus minimizing 
the risk of somaclonal variation and economically offering opti-
mum proliferation rate. Cost-effective and fast in vitro propagation 
procedures of plant species of interest with these techniques will 
be of great interest in this context to increase mass reproduction 
and preserve germplasm stocks for many years [7-9].

To achieve crucial development in the cultivars of C. sinensis, 
there is an immediate necessity to preserve the main characteris-
tics of cultures and/or varieties and to determine and investigate 
existing genotypes. The molecular, biochemical, morphological and 
cytological alterations can be detected in in vitro cultures. Of these, 
DNA based marker techniques are traditional beneficial tools used 
to characterize and confirm the genetic fidelity of in vitro grown 
plant species. The use of DNA based marker systems has been a ad-
vantageous and appropriate strategy to determine wild-types and 
cultivars of Citrus species and to evaluate the genetic diversity of 
them. DNA based marker systems such as RFLP, AFLP, SSR, ISSR, 
RAPD, and other different markers have been employed for germp-
lasm identification, systematics and phylogenetic analysis, and ge-
netic diversity studies [10-14]. The present study aimed to detect a 
possible genetic variation during the clonal propagation of C. sinen-
sis rootstocks using the ISSR marker technique by in vitro tissue 
culture method. Thus, an innovative approach will be developed for 
the production of genetically stable seedlings in micro-shoot roo-
tstock production by year-round clonal propagation under aseptic 
conditions with biotechnological methods.

Material and Methods
Micropropagation Applications

The plant material was obtained from Muğla Metropolitan Mu-
nicipality, Directorate of Agricultural Services, Muğla Local Seed 
Bank collection (Turkey). These seeds were surface sterilized by 
the sterilization protocol modified by Kaya et al. [8] for citrus cul-
tivars. In the method, the seeds were treated with 70% ethanol for 
5 minutes, 10% H2O2 for 5 minutes and twice with 20% commer-
cial bleach for 10 minutes and then washed with sterile distilled 
water until completely rinsed [15]. After the seeds were dried in a 
laminar flow cabinet for 10 minutes, the testa was removed and the 
seeds were then cultured in solid MS [16] supplemented with 20 
gL-1 sucrose, 1 mgL-1 6-Benzylaminopurine, and 7 gL-1 agar (pH 5.8) 
under standard growth conditions (27±2 °C temperature, 16/8 h 
photoperiod and 50 μmol−1m−2s−1 white daylight fluorescent lamp). 
Micro-shoots germinated from each seed were subcultured sepa-
rately and propagated clonally for 1 year with a subculture period 
of 4 weeks.

Molecular Analyzes

DNA was isolated from micro-shoots of the three clones (CS1, 
CS2, and CS3) derived from three different seeds grown on the 
same optimal medium [8] for one year and the subcultured regular-

ly every month. DNA isolation was realized with the CTAB method 
developed by Doyle and Doyle [17]. PCR analyzes were performed 
for the genetic stability by selecting 10 of the 24 different ISSR pri-
mers that gave the best band profile. PCR was performed with a 25 
µL reaction mix containing 40 ng of DNA, 0.4 mM primer, 0.4 mM 
of each dNTP, 2.5 mM MgCl2, and 1 unit of Ampliqon Taq DNA Poly-
merase. PCR cycles were set by denaturation at 95 °C for 3 minutes, 
followed by 35 cycles of 95 °C for 15 seconds, 54 °C for 30 seconds, 
and 68 °C for 3 minutes and then a 10-minute extension phase at 
72°C was performed [18]. The PCR products were separated on a 
1.5% agarose gel at 80 V and visualized under UV light by staining 
with 0,5 μg ml–1 ethidium bromide solution. Band profiles were sco-
red as 1 (present) or 0 (absent) and all data were analyzed to deter-
mine genetic stability [18,19]. POPGENE Version 1.32 program was 
used to determine genetic stability.

Results and Discussion
The micro-shoots of three different C. sinensis clones were suc-

cessfully in vitro propagated by subculturing at regular intervals for 
12 months. There was no morphological variation in samples that 
produced healthy stem and leafy micro-shoots on regeneration nut-
rient media during each four-week subculture period (Figure 1). By 
ISSR analysis of the samples obtained as a result of subculturing for 
one year within each clone, the bands that may occur later (from 1 
to 0) or disappearing bands (from 0 to 1) were determined. A total 
of 175 loci were identified as a result of the analysis of 10 primers. 
Mostly monomorphic bands and very few polymorphic bands were 
observed (Figure 2). According to the analysis results obtained by 
the POPGENE Version 1.32 program used to determine the gene-
tic stability, the average stability levels of 3 seeds at the end of 12 
months were determined (Table 1). As a result of the results obta-
ined, there was a very low variation of 8% in the genetic material 
of the CS1 individual, 5.71% in the genetic material of the CS2 indi-
vidual and 3.43% in the genetic material of the CS3 individual. The 
determined genetic stability percentages were calculated as 92% 
for CS1, 94.29% for CS2 and 96.57 for CS3, respectively. DNA isola-
tion of Citrus sinensis, which was taken from sweet orange samples 
and successfully developed in vitro from 3 different seeds, and then 
micropropagated provided that each seed was subcultured separa-
tely at regular intervals for 12 months, was successfully performed. 
Then, ISSR-PCR was performed to determine genetic stability. In 
the light of the data obtained from the imaging of the PCR products 
on the gel, the POPGENE Version 1.32 program used to determine 
the genetic stability determined the average stability levels at the 
end of 12 months of the clones developed from three individuals. 
As a result of the results obtained, low variations such as 8% in the 
genetic material of the CS1 clone, 5.71% in the genetic material of 
the CS2 clone and 3.43% in the genetic material of the CS3 clone 
were determined. The results can be considered successful as they 
cover a long period of time such as one year. Similarly, Azizi et al. 
[24] investigated the genetic stability using SSR primers after clo-
nal propagation in a study on six varieties of sugarcane (Saccharum 
officinarum L.) and determined the similarity index to rootstocks of 
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all varieties as 0.94 after 9 subcultures. On the other hand, in ano-
ther study, Pendli et al. [25] determined the genetic stability using 
RAPD and ISSR primers in the protocol they developed for the ge-

netically stable in vitro propagation of Solanum trilobatum L. and 
obtained genetically identical in vitro material with the rootstock.

Figure 1: a, b In vitro clonally propagated C. sinensis micro-shoots (Bars 1cm).

Figure 2: The images of PCR band profiles on agarose gel performed using ISSR 1, ISSR 826, and ISSR 864 primers with C. 
sinensis C1, C2, and C3 clones subcultured for 12 months. Subculture periods 1-12, monthly; M1, 1 kb DNA ladder; M2, 100 bp 

DNA ladder.

http://dx.doi.org/10.32474/CIACR.2023.10.000336


Citation: Sevinc Guldag, Damla Ekin Ozkaya, Ergun Kaya*. Determination of Genetic Variations of Post Micropropagated Sweet Orange 
(Citrus Sinensis (L) Osbeck) Micro Shoots By ISSR Marker Technique. Curr Inves Agri Curr Res 10(3)- 2023. CIACR.MS.ID.000336. 
DOI: 10.32474/CIACR.2023.10.000336

                                                                                                                                                      Volume 10 - Issue 3 Copyrights@ Ergun KayaCurr Inves Agri Curr Res

1396

Table 1: ISSR primers sequences and GenBank accession numbers used in the study [20-23].

Primer Sequence GenBank Accession Number

ISSR 1 (AG)8T UBC 807

ISSR2 (AG)8G UBC 809

ISSR 5 (CA)8A UBC 817

ISSR 7 (GA)8T UBC 810

ISSR 10 (GA)8C UBC 811

ISSR 825 (CA)8T UBC 816

ISSR 826 (TC)8C UBC 823

ISSR 864 (AC)8C UBC 826

ISSR 873 (AG)8CTT UBC 846

ISSR 3A53 (CA)8AGT UBC 855

In a study conducted by Ozudogru et al. [15] in the protocol de-
veloped for the effective micropropagation of Thymus vulgaris L. 
plant, the genetic stability of the clones subcultured for 10 mont-
hs was analyzed with RAPD primers and the genetic stability was 
determined as 100%. In this context, some studies have confirmed 
that in vitro propagated plantlets maintain their genetic stability 
during cell division and differentiation under in vitro conditions 
[26,27]. However, it should be noted that there is still a risk of chan-
ges [28] induced by in vitro processes (eg, stress, auxin-cytokinin 
ratio, and nutritional conditions) [29]. While there are many stu-
dies in the literature reporting the frequency of genetic changes 
among micropropagated plants [28,30], there are also some studies 
showing the maintenance of genetic stability [31,32]. These chan-
ges are often not favored as they are heritable and can be continued 
in subsequent generations of micropropagated plantlets [33]. Alt-
hough a large number of molecular markers are available for the 
detection of such changes at the DNA level, the ISSR technique is the 
most widely used, requiring little template DNA, no pre-sequence 
information, and producing data faster and easier than many other 
techniques. The method also provides the advantages and reliabi-
lity of SSR technology without requiring prior sequence knowledge 
[19,34,35]. Somaclonal variations, defined as variations associated 
with in vitro regeneration of plants, are associated with an increase 
in the length of the subculture or the number of subcultures, and 
these factors increase the mutation frequency. For this reason, it 
is necessary to periodically renew the stock cultures. Maggon and 
Singh [36] observed that citrus sprout seeds originate mainly from 
callus formed on the cut surface of explants cultured in a BA-con-
taining medium. This approach to shoot regeneration is associated 
with an increased risk of genetic instability [36]. Morphological 
markers have been widely used to identify somaclonal variants, 
although some genetic changes are not reflected in the observed 
phenotypic variation. In the same cases, the anomalies observed in 
non-species plants could only be noticed after many years of culti-
vation in field conditions. The economic impact of somaclonal vari-
ation in citrus fruits may be high as they have long life cycles. 

Many citrus species bear fruit 2-3 years after transplanting, and 
investigating somaclonal variation on fruit morphological traits is 
time consuming and costly [37]. To achieve significant improve-
ment in C. sinensis cultivars, there is an urgent need to preserve the 
essential characteristics of varieties/cultures and to characterize 
and evaluate existing genotypes. The use of molecular markers has 
been a valuable and appropriate strategy to identify Citrus species, 
cultivars and biotypes and to investigate the genetic diversity of cit-
rus species. Molecular marker techniques such as RAPD, ISSR, RFLP, 
SSR, AFLP and other markers have been used for germplasm chara-
cterization, genetic diversity studies, systematics and phylogenetic 
analysis [10]. Among them, randomly amplified polymorphic DNA 
(RAPD) markers have been most widely used for the characterizati-
on of plant species [38, 39]. RAPD has attracted more attention due 
to the simplicity of the procedure, its low cost, and the very small 
amount of DNA required for analysis. In citrus, RAPD markers have 
been used for variety identification, genetic mapping, genetic diver-
sity assessment and other breeding programs [40].

Concluding Remarks
In this study, with ISSR molecular markers; After micropro-

pagation of C. sinensis, which was developed in vitro, in order to 
preserve its genetic stability without any change in its molecular 
structure, it was examined whether this purpose was achieved. 
Especially in plants transferred directly from nature to the culture 
medium, some changes may occur in the genetic material, which is 
generally called somaclonal variation, as a result of the change of 
abiotic and biotic factors in which the plant is found. It can reduce 
its economic value. If there is no change in the genetic structure of 
the plant material to be developed due to the medium or subcul-
turing stages, or if it is experienced at a very low rate, the result 
is considered successful. Large deviations in the genetic stability 
of C. sinensis, which is an economically important and medicinal 
aromatic plant, means that the plant loses its unique properties and 
benefits. In this context, the 12-month period has been completed 
successfully, allowing for faster and pathogen-free reproduction of 
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C. sinensis, which is aimed for micropropagation with a successful 
subculturing while maintaining its genetic stability, compared to 
its natural environment. Afterwards, some of the plantlets obtai-
ned were used for DNA isolation, while some of them were adapted 
to the soil with the climatization technique in order to bring them 
back to nature.
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