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The existence of a large amount of seeds in citrus fruits results as a major impediment to customer 

acceptability, even if the fruits have high organoleptic properties. Irradiation, which mainly reduces 

seed number of varieties, is a faster way than hybridization. The use of irradiation in citrus breeding 

programs is now quite widespread with most programs in the major citrus producing countries 

actively developing new selections. The present study reports the primarily results of gamma 

irradiation on seed number and fruit quality of Ortanique tangor mutant population. The shoots of 

scion were irradiated with gamma rays from 60Co at the dose of 50 Gy (gray) in April of 2014. All 

the treated buds were then immediately budded onto rootstocks and the survival rate was recorded 

as 60.34%. In order to stabilize the mutation, mV3 plants were developed by re-budding and plants 

at mV3 generation were transplanted in the orchard in 2017. Within the following year, 68 mV3 

plants out of 852 grown in the field bore sufficient amount of fruit and were screened in terms of 19 

fruit quality characters such as seed number per fruit, fruit diameter and ripening index. Fruit 

diameters of mV3 population varied from 56.72 mm to 84.79 mm, and fruit weight ranged between 

90.00 g and 287.60 g. The number of seeds per fruit ranged between 0.6 and 13.1 whereas seed 

number of non-irradiated Ortanique tangor was recorded as 10.7 in the same fruit crop year. In 

general, fruit characteristics such as fruit weight, fruit height and fruit diameter which describe fruit 

size of a big part of the population, were similar to Ortanique tangor. According to primarily results, 

18 plants have been described as low seeded (≤4). In addition, a cluster analysis was performed by 

using Euclidean similarity coefficient and similarity index ranged between 29.29% and 93.10% 

regarding variables related to fruit. The stability of mutations detected is being evaluated and new 

commercial field trials will be established with the selected materials. 
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Introduction 

Citrus fruits are the most commonly produced fruit 

group in the world due to their high nutrition capacity and 

their usage in industry. Turkey has exceptionally suitable 

environmental conditions and citrus-producing 

prospective, with 4.769.726 tons of citrus fruit produced in 

2017 (FAO, 2019). Turkey’s fresh mandarin production 

has expanded considerably over the years, approaching 

approximately 1.5 million tons in 2017. Currently, 65% of 

Turkey’s fresh fruit exportation is citrus fruits and, there 

has been a large increase in the exportation of citrus fruits 

in recent years, especially for mandarins. Mandarins are 

called ‘easy-peelers’ because of their sweet flavour and 

aroma, loose skins, relatively small fruit size among the 

edible citrus and are easy to peel and separate into 

segments (Demirkeser et al., 2009). Mandarins remain the 

most consumed and demanded citrus species due to serious 

advantages, such as smaller fruit, thinner skins, easy 

peeling and export possibilities. Nevertheless, there is still 

a great deal of work in citrus breeders to further enhance 

the quality of mandarin fruits and to offer customers new, 

tasty, healthy and easy to eat seedless fruits. 

Citrus varieties have been cultivated in more than 100 

countries among the world, and nearly all of the producer 

countries are working intensively on improving fruit 

quality in order to increase their share in export markets. 

Recently, seedlessness is one of the most desired quality 

parameters demanded by both producers and consumers in 

citrus fruits. Because of some aroma compounds and 
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bitterness, seedy varieties are unwanted also by the juice 

industry (Ollitrault et al., 2008).  

Breeding of the fruit crops started with the selection of 

superior genotypes that appear spontaneously in nature 

since the date of fruit consumption (Çimen, 2018). 

Examining the source of the genetic variability of citrus, it 

had been reported that all species and varieties were 

originated from citron, mandarin, pummelo and C. 

micrantha Wester (Ollitrault et al., 2012). Commercially 

cultivated recent varieties are developed from these four 

species by spontaneous and artificial mutations and 

crosses. However, Citrus breeding has been confronted 

with difficulties such as high heterozygosity, polygenic 

traits and a long juvenile period, regardless of breeding 

techniques used. Because conventional hybridization 

method takes long time and is costly, researchers focused 

on mutation breeding. Generally, the main objective in 

mutation breeding is to improve the existing variety in 

terms of seedlessness, harvest time, fruit rind and juice 

colour, or to transfer the targeted trait (Çimen, 2018).  

Spontaneous mutation selection is the oldest technique 

of citrus breeding, and this process has resulted in most of 

the varieties grown globally. However, these mutations 

appear at a low frequency in nature. The occurrence of 

natural bud sports in citrus gained the attention of fruit 

breeders through induced mutation. Red flesh coloured 

Star Ruby variety developed by Hodgson grapefruit is 

known to be the first example of mutation breeding in 

citrus. A serious number of commercially important 

varieties, such as Washington navel orange, Marsh 

grapefruit, Shamouti Orange, and Salustiana sweet orange, 

have been developed as bud mutation. Today, several 

seedless varieties such as Tango, Daisy SL, Fairchild SL, 

and Kinnow SL were improved from, W. Murcott, Daisy, 

Fairchild and Kinnow varieties by mutation breeding and 

they are commercially cultivated (Hensz, 1971; Williams 

and Roose, 2008a, 2008b). Besides, Shahid et al. (2011) 

reported that the seed number of Kinnow was reduced from 

25 to 5 seeds per fruit by irradiation of 20 gray of 60Co 

gamma irradiation. Similarly, Handaji et al. (2016) studied 

effects of gamma irradiation on fruit quality of Marisol 

Clementine mandarin and reported that six of the mutant 

individuals were seedless and had higher fruit diameter in 

comparison to non-irradiated Marisol Clementine variety.  

Studies on citrus breeding began in our country in the 

1960s, however the required standard has still not been met 

up to date. In addition, the majority of our citrus production 

lands consist of foreign originated varieties. In order to 

change this situation, it is necessary to start new breeding 

studies and to develop populations containing sufficient 

number of individuals in order to select genotypes those 

have the targeted traits. 

In terms of improving new varieties those are suitable 

for our country’s ecological conditions, new mandarin 

populations should be developed for increasing share in the 

export markets, expanding harvest time, mid-late and late 

ripening, high fruit yield and quality and especially for 

seedlessness. In the present study, seed number and fruit 

quality traits of Ortanique tangor mutant population 

derived by gamma irradiation were investigated and the 

primarily results of the mutant population regarding 

pomological traits were presented.  

 

Materials and Methods 

 

Plant Material 

This study was carried out at the Citrus Adaptation-

Mutation Orchards located at the lands of Horticulture 

Department of Cukurova University (Adana, Turkey). 

Mutant plant population at mV3 stage derived by 

irradiation of Ortanique tangor were used as plant 

materials. Ortanique tangor is discovered in Jamaica which 

is a very vigorous variety. It is a most reliable and 

productive bearer, the fruit maturing late in the season 

about the same time as the Valencia orange. The fruits of 

Ortanique tangor are of medium size, and the shape, peel 

texture and thickness, as well as external colour and 

internal quality are affected greatly by the area in which the 

variety is produced. The juice is of outstanding colour, 

especially from origins other than those with tropical 

climate, while the flavour is extremely sweet but well 

balanced with acidity and has a strong, rich aroma. 

Seediness is variable and is obviously affected by 

pollination (Saunt, 2000).  

 

Irradiation Treatment and Development of mV3 

Mutant Population 

Mutagenesis was induced by subjecting dormant buds 

of Ortanique (Citrus reticulata Blanco x Citrus sinensis L. 

Osbeck) to gamma irradiation using 60Co at the dose of 50 

Gy (gray). A total of 58 Ortanique budwoods were used for 

irradiation. After irradiation treatment, budwoods were 

immediately grafted on to sour orange (Citrus aurantium 

L.). The number of surviving budwoods was measured 

three months after grafting and the survival rate of 

budwood was recorded as 60.34% at mV1 stage. In order 

to stabilize the mutation, buds in the middle of the first 

shoots of mV1 plants were extracted, grafted on to sour 

orange and 174 mV2 plants were obtained. In the following 

year, this process was repeated again at mV2 stage and 852 

mV3 individuals were recovered. Mutant seedlings were 

then planted in 2017 with 4 x 1.5 m spacing in order to 

investigate pomological characteristics. 

 

Pomological Analysis  

In the observations made in December 2017, it was 

determined that 68 out of 852 mutant Ortanique plants bore 

more than 10 fruits. In March 2018, fruit samples were 

harvested from 68 mutant individuals and pomological 

analyses were performed in these fruit samples. Fruits 

samples harvested from non-irradiated Ortanique tangor 

located at the experimental orchard were evaluated as 

control in the study. Pomological analyses of fruits 

harvested in the experiment were performed according to 

Özsan and Bahçecioğlu (1970).  
Fruits samples were labeled and harvested from mutant 

individuals. Fruit were then transferred to laboratory for 
pomological analysis. The fruit samples were weighed, and 
fruit diameter at the equator was measured with a digital 
calliper and also rind thickness was measured after cutting 
in half with a digital caliper (Mitutoyo CD-15CPX). The 
fruits were juiced using a standard juicer; then juice was 
weighed, and expressed as a percentage of the total fruit 
weight. Total soluble solids content (TSS) was determined 
with a portable refractometer (FG-103/113) using a few 
drops of juice. The total acidity (TA) of the juice was 
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determined by titrating with 0.1 N sodium hydroxide 
(NaOH) using phenolphthalein as the indicator. Ripening 
index was calculated as TSS/TA ratio.  

The pomological traits determined by qualitative 
observations were scored as follows: fruit exterior view, 1: 
very bad, 2: bad, 3: medium, 4: beautiful, 5: very beautiful; 
fruit shape, 1: obloid, 2: obloid-round, 3: spheroid; fruit 
rind structure, 1: very rough, 2: rough, 3: slightly rough, 4: 
smooth; fruit rind colour, 1: green, 2: green-yellow, 3: light 
yellow, 4: yellow, 5: dark yellow, 6: light orange, 7: 
orange, 8: dark orange; fruit flesh colour, 1: white, 2: green, 
3: yellow, 4: orange; fruit juice colour, 1: white, 2: green, 
3: yellow, 4: orange; fruit flesh texture, 1: coarse, 2: thin, 
3: moderate, adherence of albedo to pulp, 1: weak, 2: 
medium, 3: strong (Çimen, 2018). 

 

Statistical Analysis 
Descriptive statistics of data obtained from 

pomological analysis of mV3 Ortanique mutant population 
were presented as minimum value, maximum value, mean 
value, and standard error. In order to examine the 
difference and similarity of the mutant individuals a 
distribution analysis and a cluster analyses were performed 
based on pomological traits of the individuals. 
Pomological dendrogram was computed using ‘Euclidean 
similarity coefficient’ (Bozokalfa and Eşi̇yok, 2010). Also 
the regressions between seed number and some variables 
related to seed were calculated. All statistical analyses 
were performed by using JMP v11.00 statistics software 
and SigmaPlot® version 12.00 (Systat Software, San Jose, 
CA, USA) was used for data presentation. 

 

Results and Discussion 
 
Among the mV3 population derived by mutation from 

Ortanique tangor variety, 68 of the plants bore more than 
10 fruits. The pomological analyses were performed in 
these individuals and the descriptive statistics were 
presented in Table 1. Considering minimum and maximum 

values of the variables related to fruit size, variation was 
higher in fruit weight in comparison to fruit height and 
diameter among the mutant individuals. Variability of 
21.5% was recorded for fruit weight in the mutant 
population indicating high probability of selection for this 
trait. The fruit weight of the population varied between 
90.00 to 287.60 g and the mean fruit weight of the mV3 
plants was 179.93±39.49 g (Table 1). A distribution 
analysis based on pomological analysis showed that the 
fruit weight of 19% of the population varied from 75 g to 
100 g whereas fruit weight of 2% of the population was 
more than 250 g. Besides fruit weight of the 52% of the 
plants were between 150 g and 200 g (Figure 1). Mean fruit 
weight of non-irradiated Ortanique tangor (control) was 
194.73 g. Population distribution analysis showed that 29% 
of the investigated mV3 plants had higher fruit weight in 
comparison to control. Fruit diameter in the population 
ranged from 56.72 to 84.79 mm, whereas mean fruit 
diameter was 72.79±5.83 mm. The coefficient of variations 
(CV) for fruit height, and fruit diameter were 8.31%, and 
8.01%, respectively. These low CV values indicated low 
probability of selection for those traits in the present study 
(Table 1). Fruit shape index in the population ranged from 
0.99 mm to 1.36 mm, whereas the mean value was 
1.17±0.05 mm. Fruit index of Ortanique tangor was 
calculated as 1.26 in the same year (Figure 1). 

Mutation breeding in citrus has a positive effect on fruit 
size and weight as well as several fruit quality parameters 
such as ripening period, seedlessness and coloration in fruit 
flesh (Vardi and Spiegel-Roy, 1988). Montañola et al. 
(2015) reported that 14 individuals improved by a mutation 
breeding program carried out in Chile, were found to be 
promising in terms of fruit weight. Goldenberg et al. (2014) 
observed that average fruit weight of one of the eight low-
seeded irradiated mandarin varieties was significantly 
higher than those of varieties from non-irradiated trees. In 
addition, Rattanpal et al. (2019) marked that fruit weight 
should be used as a selection trait in the mutation breeding 
studies in case the variability coefficient is high. 

 

Table 1. Maximum, minimum, mean, standard error, observation and measurement data of the mutant population derived 

by irradiating Ortanique tangor 

Variable Minimum Maximum Mean SE (mean) CV (%) 

Fruit weight (g) 90.00 287.60 179.93 ±39.49 21.95 

Fruit height (mm) 48.45 72.80 62.41 ±5.19 8.31 

Fruit diameter (mm) 56.72 84.79 72.79 ±5.83 8.01 

Fruit shape index 0.99 1.36 1.17 ±0.05 4.67 

Rind thickness (mm) 2.76 5.47 4.28 ±0.55 12.87 

Peel number 8.00 12.00 10.67 ±0.67 6.25 

Seed number per fruit 0.60 13.10 5.78 ±2.85 49.20 

Juice content (%) 42.59 58.89 51.29 ±3.58 6.97 

Total soluble solids (%) 8.70 12.00 10.12 ±0.85 8.37 

Total acidity (%) 1.09 1.62 1.37 ±0.13 6.74 

TSS/TA 5.96 9.20 7.46 ±0.72 9.64 

Fruit exterior view 2.00 4.00 3.00 ±0.17 5.76 

Fruit shape 1.00 2.00 1.06 ±0.24 2.39 

Fruit rind structure 2.00 3.00 2.22 ±0.42 6.93 

Fruit rind color 6.00 7.00 6.66 ±0.48 7.15 

Fruit flesh color 4.00 4.00 4.00 ±0.00 0.00 

Fruit juice color 4.00 4.00 4.00 ±0.00 0.00 

Fruit flesh texture 1.00 3.00 1.56 ±0.89 6.93 

Adherence of albedo to pulp 3.00 3.00 3.00 ±0.00 0.00 
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Figure 1. Distribution of fruit weight (g), fruit index, rind thickness (mm), number of seeds, maturity index (TSS/TA), 

juice content (%) in Ortanique mV3 mutant population 

 

In citrus, fruit shape is also an important quality trait 

that attracts consumers' attention as well as fruit size. In 

general, mandarin varieties vary from flattened round to 

flat (Goldenberg et al., 2018). Goldenberg et al. (2014) 

reported that fruit shape index in mandarins showed 

difference because of the genetic variations that occur as a 

result of induced mutagenesis. In the present study, fruit 

shape index of the 99% of the mutant population was above 

1 which indicates that fruits of mutant individuals had 

preserve the fruit shape standarts as a mandarin variety 

(Figure 1).  

Rind thickness in the fruit samples ranged from 2.76 

mm to 5.47 mm, and the mean rind thickness was 

calculated as 4.28±0.55 mm, as presented in Table 1. 

Similar to population mean, the rind thickness was 

measured as 4.27 mm from fruit samples harvested from 

control. According to the results of the distribution 

analysis, the population variance was high in terms of rind 

thickness and CV was calculated as 12.87%. Rind 

thickness of 40% of the population was between 4.00-4.50 

mm, and 26% of the mV3 plants had lower rind thickness 

in comparison to control (Figure 1). In citrus mutation 

breeding, it was reported that rind thickness, fruit rind 

color, and texture were also affected and irradiation 

treatment had impact on fruit rind structure as well as many 

other fruit quality parameters (Donini, 1992). Goldenberg 

et al. (2014) reported that the rind thickness of irradiated 

‘Kedem’, ‘Michal’, and ‘Mor’ mutants increased by the 

mutation treatment in comparison to control. In the present 

study, the population variance was low (CV= 6.25%) in 

terms of peel number and peel number of the mutants 

investigated ranged between 8 to 12 whereas mean peel 

number of the population investigated was recorded as 

10.67±0.67 (Table 1).  

Fruit samples of 68 mV3 plants derived by irradiating 

Ortanique tangor were evaluated in terms of seed number 

under open pollination conditions. Number of seeds per 

fruit varied from 0.60 to 13.10 and the population mean 

was 5.78±2.85 seed per fruit (Table 1). Seed number per 

fruit of non-irradiated Ortanique tangor was 10.7 under 

open pollination conditions. In this study, a significant 

amount of the individuals had lower seed number in 

comparison to Ortanique tangor variety. A distribution 

analysis showed that 27% of the population produced seed 

number lower than 4 seeds per fruit and those genotypes 

were considered commercially seedless. Especially fruits 

of 2-88, 5-70 and 6-25 coded mutant individuals were 

found to be promising in terms of seed number (Figure 2). 

It was reported that the average number of seeds per fruit 

of open-pollinated Ortanique tangor under California-

Riverside conditions was 15.30 and similarly, the number 

of seeds per fruit ranged from 8 to 18 under Adana 

ecological conditions (Çimen, 2018). Seed number of 2-88, 

5-70 and 6-25 coded mutant individuals was determined as 

Fruit weight (g)                                                                       Fruit shape index

Rind thickness (mm)                                                                Seed number

Fruit juice content (%)                                                          Ripening index (TSS/TA)
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1.00, 0.60, and 1.80, respectively among the mutant 

individuals evaluated by observing the first-year data. 

Similar to the present study, Froneman et al. (1996) 

subjected pomelo, mandarin, and orange varieties to 

gamma rays in order to obtain seedless clones and they 

developed 13 seedless and low-seeded genotypes. By 

irradiation of budwoods of Monreal clementine and W. 

Murcott mandarin, seedless ‘Monreal Verde’ and ‘Tango’ 

were improved, respectively (Nicotra, 2001; Roose and 

Williams, 2007). Williams (2012) stated that irradiation 

had been used principally to reduce the seed content of 

normally seedy varieties and has been a more rapid method 

of achieving these goals than does hybridization. Author 

also indicated that several seedless and low-seeded 

mandarin selections including ‘Tango’, ‘DaisySL’, 

‘KinnowLS’, and ‘FairchildLS’ had been developed by 

mutation breeding. On the other hand, a breeding program 

in Italy focused on developing pigmented and seedless 

mandarin varieties. A mV3 population consisted of 2000 

plants developed by irradiating budwoods of Tarocco Meli, 

Moro M45 and Sanguinello 49-5-5 blood oranges with 

gamma rays at a dose of 40 Gy by CREA (Caruso et al., 

2016). 

In the mV3 population investigated in the present study, 

fruit juice content of the mutant individuals ranged from 

42.59 to 58.89%, and population CV was low (6.97%) in 

terms of fruit juice concentration. Fruit juice concentration 

of the non-irradiated Ortanique tangor fruits was 49.86% and 

the mutant population mean was 51.29% (Table 1). A 

distribution analysis showed that 27% of the mV3 plants had 

lower fruit juice concentration than Ortanique (Figure 1). 

Total soluble solids (TSS) of the mutant individuals range 

between 8.70% and 12.00% whereas mean TSS was 

calculated as 10.12%. Besides, total acidity (TA) of the 

mV3 Ortanique population was 1.37% and this variable had 

a low CV value (6.74%). TSS/TA ratio is an important 

variable in citriculture for determining ripening and harvest 

time. TSS/TA ratio of the mV3 Ortanique mutant 

population varied from 5.96 to 9.20 and the population 

mean was 7.46. TSS/TA ratio of the non-irradiated 

Ortanique tangor was calculated as 8.39 in the same harvest 

date and the coefficient variations of population was 9.64 

(Table 1). A large amount of the population (78%) had 

lower TSS/TA ratio than Ortanique tangor according to a 

distribution analysis (Figure 1).  

In terms of the pomological traits determined by 

qualitative observations, the average fruit exterior view of 

samples was found to be medium (3.00 points) and the fruit 

shape was flattened with an average of 1.06 points. The 

average fruit rind structure of the mV3 population 

investigated in this study was rough (2.22 points) and the 

mean fruit rind colour was orange with 6.66 points. Fruit 

flesh and juice colour of the mV3 mutant individuals were 

orange with 4.00 points. Fruit flesh texture scores ranged 

from 1 to 3, with a mean flesh texture of 1.56 points. The 

scores related to the adherence of albedo to pulp of all the 

mutant individuals were found to be strong with 3 points 

score. The low CV values of pomological traits, 

determined by qualitative observations, indicated low 

probabilities of selection for those traits in the present 

study (Table 1). 

 

 
Figure 2. Fruit photographs of 2-88, 5-70, 6-25 coded mV3 Ortanique mutants and non-irradiated Ortanique tangor fruits 
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Figure 3 showed the relationship of seed number with 

fruit weight, fruit juice content, ripening index (TSS/TA), 

and rind thickness (mm) of the investigated mV3 mutant 

individuals. Considering the relationship between fruit 

weight and seed number, very low significant relationship 

was observed in the mutant population (Figure 3A). 

Although number of seeds of the mutants 2-88 and 6-25 were 

lower than the Ortanique tangor, fruit weights were observed 

to be higher. On the other hand, 5-70 had lower fruit weight 

than Ortanique. Fruit juice of 2-88 was very low in 

comparison to Ortanique whereas 5-70 and 6-25 genotypes 

had similar or higher fruit juice content (Figure 3B). TSS/TA 

ratios of all the promising mutant individuals were lower 

than Ortanique which indicated that all low-seeded mutants 

were early ripening than Ortanique (Figure 3C). Rind 

thickness of genotype 5-70 were similar to Ortanique 

variety, however mutants 2-88 and 6-25 had thicker fruit 

rind than Ortanique (Figure 3D).  

In ‘Hierarchical Cluster’ analysis, genotypes are clustered 

or grouped according to their similarities and dendrograms are 

formed regarding the similarity index (Bozokalfa and Eşi̇yok, 

2010). In this study, the dendrogram, belonging to the 

pomological traits of 68 mutant individuals evaluated in terms 

of fruit quality, was formed using ‘Euclid’ similarity 

coefficient and the similarity index ranged between 34.48% 

and 93.10% (Figure 4). 

Mutant individuals evaluated in terms of pomological 

traits were divided into two main groups. The 3-60, 3-57, 

2-82, and 2-17 coded Ortanique mutants were grouped 

separately from the other individuals in the mutant 

population due to the variables of fruit rind structure and 

colour. In the first subgroup, the 2-17 coded mutant was 

distinguished from other individuals in the population with 

a similarity index of 36.59%. In the second subgroup 5-70 

was separated from others due to the variables related to 

fruit size such as fruit weight and diameter with a similarity 

index of 38.82% (Figure 4). Koehler-Santos et al. (2003) 

reported that the genetic distance between mandarins was 

0.32 (0.68 similarity level) in their molecular 

characterization study with 34 mandarins. Similarly, in this 

study, mutant individuals developed from Ortanique tangor 

were compared based on their pomological traits and the 

lowest similarity was found to be 34.48%. 

 

Conclusion 

 

In the present study, we investigated the effects of 

mutagenesis on seed number and some fruit quality traits 

of Ortanique tangor variety depending on the primarily 

data and observations of first year’s fruit crop. Budwoods 

of Ortanique tangor were subjected to a mutation-inducing 

process, which led to the production of seedless mutants of 

the variety. Of the 852 Ortanique mV3 individuals planted 

in the experimental orchard, 68 individuals bore more than 

10 fruits in the first year and 19 pomological variables were 

investigated in those genotypes.  

 

 

 
Figure 3. Relationship of seed number vs fruit weight, fruit juice content (%), ripening index (TSS/TA), and rind 

thickness (mm) of Ortanique mV3 mutant population 
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Figure 4. Similarity dendrogram between groups of Ortanique tangor mutant population based on pomological traits 

 

 

 
In the present study, we observed that 27% of the plants 

under open-pollination conditions had a seed number 
between 0-4. In addition, we showed that the fruit quality 
traits of approximately 40% of the population were similar 
to the Ortanique tangor variety in terms of size, fruit height 
and fruit diameter. In addition, fruit yield of the mutant 
genotypes will be evaluated for consecutive years. The 
promising mutant individuals are now under investigation 
in the field to confirm their stability, agronomic advantages 
and for genetic tests with molecular markers. 
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