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Article History Abstract − The consumption of naked barley is significantly increasing as more people become aware of its beneficial 

role as a source of dietary fiber and β-glucan. As a result, breeding programs paid more attention to naked barley. 

Improvement of yield and quality of naked barley is hindered by the lack of available germplasm. Mutation breeding 

is an effective tool for generating variation for plant breeding. Chlorophyll mutations are often used as visual indica-

tors in breeding research to determine the optimum mutagen dosage. The purpose of this study was to identify the 

types and frequency of chlorophyll mutations brought on by different gamma radiation doses in two genotypes of 

hulless barley and determine the effective dose (ED50) based on the mutation frequency. Seeds of naked barley line 

YAA7050-14 and cv. Yalin that have been irradiated with doses of 100, 150, 200, and 300 Gy gamma rays delivered 

by a Cobalt-60 source. Chlorophyll mutations were observed in 8-day-old M2 plants grown under greenhouse condi-

tions. In the M2 plants of cv. Yalin, the highest mutagen frequency was observed at 250 and 300 Gy, while in line 

YAA7050-14, the highest mutation frequency was found at 300 Gy. The rate of chlorophyll mutation rose in both 

genotypes as the gamma ray doses increased. The albino type of chlorophyll mutation was found in the cv. Yalin at 

the greatest rate, whereas the xantha type was found in the line YAA7050-14. The most common chlorophyll muta-

tion type was albino, while the least common type was viridis when both genotypes were considered together. Based 

on the mutation frequency, 250-300 Gy doses could be used to effectively in further research to create mutations in 

the naked barley genotypes. 
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1. Introduction 

Barley (Hordeum vulgare L.) is one of the oldest cultivated plants, which has been consumed as food for 

years (Badr et al., 2000, Lev-Yadun et al., 2000). Approximately, 3% of the barley produced worldwide is 

used as food in the world (Ullrich, 2011). Furthermore, the barley consumption is increasing day by day 

because functional foods are highly demandable by consumers. Barley is one of the functional ingredients 

since it is rich in dietary fibre and high beta-glucan (Bhatty, 1999). Naked (hulless) barley is preferred over 

hulled barley by food industry because (Newman & Newman, 2008) their hull and grain are easily separated 

from each other (Meints & Hayes, 2019) therefore grains are easily processed into food products. This 

technological characteristic plays the most important role in consuming naked barley as food (Meints et al., 

2021). 

The popularity of naked barley has encouraged breeders to increase their efforts to improve the yield and food 

quality of naked barley. Although it is possible to cross with naked barley in breeding studies, it is necessary 

to broaden the variation to obtain superior individuals in terms of yield and quality. One of the most effective 
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ways of creating genetic variation required for naked barley breeding studies is mutation breeding (Chaudhary 

et al., 2019; Dyulgerova & Dyulgerov, 2022). 

To achieve sufficient and effective variation in the plant species and cultivars in mutation breeding, it is im-

portant to determine the source of the mutagen to be used and the effective dose to be used in advance (Ma-

luszynski et al., 2009) because the effective dose of mutagen depend on the plant species and cultivars (Naza-

renko & Lykholat, 2020). In general, the rate of germinated or surviving plants (Ahumada-Flores et al., 2020), 

the rate of plant developmental retardation (Kodym et al., 2012) and the rate of chlorophyll mutations (Çiftçi 

& Şenay 2005) are used to determine effective doses and mutation frequencies. Chlorophyll mutations are 

successfully used as genetic markers in plant breeding programs to reveal the effects of mutagens and how the 

target genotype responds to the mutagen (Wani et al., 2011).  

Chlorophylls are essential pigments used by the plant during photosynthesis (Yu et al., 2014). Due to the 

inhibition of photosynthesis, chlorophyll mutations are often lethal to plants (Wani et al., 2011). Hence, they 

are generally not useful for plant breeding. However, research on chlorophyll mutations could be useful to 

determine suitable mutagens and effective mutagen doses to increase genetic variability and agriculturally 

important mutations in plant species. Therefore, chlorophyll mutation scores are reliable indices for assessing 

the genetic effects of mutagenic treatments (Goyal et al., 2019). Depending on how the pigments of chlorophyll 

are affected by mutagens, the occurrence of chlorophyll mutations varies. Gustafsson (1940), classified the 

chlorophyll mutations obtained as albino, xantha, alboviridis, viridis, tigrina, striata, maculata, unidentified 

mutation, and plasma mutations into nine categories. Although some researchers have modified this 

classification, it is still the most common classifications in determining the mutation frequency in barley and 

other cereals. 

This study aimed to determine how gamma radiation affects the frequency and range of chlorophyll mutations 

in the M2 generation of two naked barley genotypes and the effective dose of gamma radiation that could be 

used in naked barley breeding. 

2. Materials and Methods 

Naked barley cultivar (cv.) Yalin and the naked barley line YAA7050-14 developed by the Central 

Research Institute for Field Crops (CRIFC) were used as plant material. Gamma-rays obtained from the 381 

Gray/hour Cobalt 60 (60Co) source in the Ankara Nuclear Research and Training Centre (ANAEM) were used 

as the physical mutagen source. For and each dose and control, healthy and having nearly 12% moisture, seeds 

of naked barley cv. Yalin and line YAA7050-14 were prepared separately. The prepared seeds were irradiated 

with gamma rays at doses of 0 (Control), 100, 150, 200, 250, and 300 Gray (Gy). Seeds in the control group 

and irradiated at different doses were sown separately in the experimental field of the CRIFC to grow M1 

plants. After the required measurements were taken from the M1 plants that reached harvest maturity, the main 

spikes were harvested by hand. The seeds of the main spikes of M1 plants obtained by gamma irradiation at 

different doses were used to establish M2 populations. For each dose in both genotypes, 1000 carefully hand-

threshed and selected seeds were sown in containers under greenhouse conditions.  

On the 8th day after sowing, germinated and emerged plants were counted and then chlorophyll mutations 

were observed. Chlorophyll mutations were grouped according to Gustafsson (1940 and 1946) as albino 

(white), xantha (yellow) and viridis (light green) and counted. The images of plants belonging to different 

chlorophyll mutations observed in the study are given in Figure 1. The frequencies of chlorophyll mutations 

was determined according to Gaul (1964) by the following formula (2.1). Additionally, linear regression 

analyses were performed to illustrate the relationship between gamma ray doses and mutation frequency 

(Freund et al., 2006). 

𝑀𝑢𝑡𝑎𝑡𝑖𝑜𝑛 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 (%) =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑢𝑡𝑎𝑛𝑡 𝑝𝑙𝑎𝑛𝑡𝑠

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑀2 𝑝𝑙𝑎𝑛𝑡𝑠
× 100                                                                                  (2.1) 
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Figure 1. Chlorophyll mutations in M2 plants (a: Albino, b: Xantha, c: Viridis, d: Control) 

3. Results and Discussion 

The chlorophyll mutations and frequencies observed in M2 plants of cv. Yalin are given in Table 1. The 

regression plot showing the relationship between different gamma-ray doses and chlorophyll mutation rates is 

given in Figure 2. As it is clearly seen in Table 1 and Figure 2, the incidence of chlorophyll mutations increased 

with increasing gamma ray doses. However, this increase in chlorophyll mutations was slow at first and then 

gradual. The total chlorophyll mutation rate was 0.74% at 100 Gy gamma dose. At 150 and 200 Gy gamma 

doses, a decrease was observed, and chlorophyll mutations were found at 0.35% and 0.24%, respectively. The 

rate of chlorophyll mutations started to increase again, especially at 250 and 300 Gy doses, and they were 

observed at a higher rate at these doses than at the others. The rate of albino plants was 0.39% and the rate of 

xantha plants was 0.77 % at the dose of 250 Gy in cv. Yalin. At 300 Gy dose, which is the dose with the highest 

rate of chlorophyll mutations, the rate of albino plants was 0.56 % and the rate of xantha plants was 0.97%. 

Table 1 

Chlorophyll mutations in M2 plants of cv. Yalin irradiated with different gamma ray doses 

Doses 

(Gy) 

Number of 

total plants 

Chlorophyll mutations 

Albino 
Albino 

(%) 
Xantha 

Xantha 

(%) 
Viridis Viridis (%) 

Chlorophyll 

mutant plants 

Mutation 

frequency 

(%) 

Control 950 0 0 0 0 0 0 0 0.00 

100 811 2 0.25 2 0.25 2 0.25 6 0.74 

150 846 2 0.24 0 0.00 1 0.12 3 0.35 

200 832 2 0.24 0 0.00 0 0 2 0.24 

250 778 3 0.39 6 0.77 0 0 9 1.16 

300 720 4 0.56 7 0.97 0 0 11 1.53 

Total 4937 13 1.66 15 1.99 3 0.36 31 4.02 
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Figure 2. Regression graph between different gamma ray doses and chlorophyll mutation rate in M2 plants of 

cv. Yalin 

The relative distribution of chlorophyll mutations in naked barley cv. Yalin was the same for all three types 

(33.3%) at a dose of 100 Gy. Albino mutations occurred in 66.7% and viridis mutations in 33.3% at the 150 

Gy dose. At the 200 Gy dose, all chlorophyll mutations were albino type. The highest rate of chlorophyll 

mutations was 66.7% and 63.6% for the 250 and 300 Gy doses, respectively. When a general evaluation was 

made for cv. Yalin, it was observed that the highest chlorophyll mutation rate occurred in the xantha type with 

48.4%. The albino type mutation rate was 41.9% and the viridis type mutation rate was 9.7% (Table 2). 

 

Table 2 

Relative spectrum of chlorophyll mutants M2 plants of cv Yalin 

Doses (Gy) Albino (%) Xantha (%) Viridis (%) 

100 33.3 33.3 33.3 

150 66.7 0 33.3 

200 100.0 0 0 

250 33.3 66.7 0 

300 36.4 63.6 0 

Total 41.9 48.4 9.7 

 

The chlorophyll mutations detected in M2 plants of barley line YAA7050-14 grown under greenhouse 

conditions and their occurrence rates are given in Table 3.  The regression graph of the relationship between 

different gamma doses and chlorophyll mutation rates is given in Figure 3. Similar to the cv. Yalin, the number 

and rates of chlorophyll mutations increased with the increase in gamma ray dose (Table 3, Figure 3). In the 

barley line YAA7050-14, the rate of chlorophyll mutation was determined as 0.96% at 100 Gy gamma ray 

dose, and similar to the cv. Yalin. A decrease in the rate of chlorophyll mutation was observed at 150 and 200 

Gy gamma ray doses. At these doses, 0.21% and 0.25% chlorophyll mutations were detected, respectively. 

After the decrease, an increasing rate of chlorophyll mutations was observed at higher doses. Higher rates of 

chlorophyll mutation were observed at 250 and 300 Gy gamma doses (Figure 3). 

In the barley line YAA7050-14, the rate of albino plants was 0.52% and the rate of xantha plants was 0.13% 

at 250 Gy dose. At the highest gamma ray dose (300 Gy) the rate of chlorophyll mutations observed was 

1.62%. All the chlorophyll mutations in M2 plants at 300 Gy were albino (Table 3, Figure 3). 
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Table 3 

Chlorophyll mutations in M2 plants of line YAA7050-14 irradiated with different gamma ray doses 

Doses 

(Gy) 

Number of 

total plants 

Chlorophyll mutations 

Albino 
Albino 

(%) 
Xantha 

Xantha 

(%) 
Viridis Viridis (%) 

Chlorophyll 

mutant plants 

Mutation 

frequency 

(%) 

Control 955 0 0 0 0 0 0 0 0 

100 934 2 0.21 2 0.21 5 0.54 9 0.96 

150 937 1 0.11 1 0.11 0 0 2 0.21 

200 795 0 0 0 0 2 0.25 2 0.25 

250 772 4 0.52 1 0.13 1 0.13 6 0.78 

300 803 13 1.62 0 0.00 0 0 13 1.62 

Total 5196 20 2.46 4 0.45 8 0.92 32 3.82 

 

 

Figure 3. Regression graph between different gamma ray doses and chlorophyll mutation rate in M2 plants of 

naked barley line YAA7050-14 

 

In the naked barley line YAA7050-14, the highest chlorophyll mutation was seen in the viridis type with 55.6% 

at 100 Gy, while albino and xantha type mutations had the same rate with 22.2% at 100 Gy. Albino and xantha 

type mutations were found at equal rates (%50) at the 150 Gy dose. At 200 Gy dose, viridis-type chlorophyll 

mutation was observed in all mutant plants. The albino ratio was 66.7% and the xantha and viridis ratios were 

16.6% at 250 Gy. At 300 Gy dose, albino type chlorophyll mutation was observed in all mutant plants. In the 

YAA7050-14 line, 62.5% of the total chlorophyll mutations were albino type, 25.0% were viridis type, and 

12.5% were xantha type chlorophyll mutations (Table 4). 

 

Table 4 

Relative spectrum of chlorophyll mutants M2 plants of line YAA7050-14 

Doses (Gy) Albino (%) Xantha (%) Viridis (%) 

100 22.2 22.2 55.6 

150 50.0 50.0 0 

200 0 0 100 

250 66.7 16.7 17 

300 100.0 0.0 0 

Total 62.5 12.5 25.0 
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When the results of chlorophyll mutations in 8-day-old seedlings of M2 plants of both barley genotypes are 

evaluated together, the highest rate of chlorophyll mutation occurred at 300 Gy gamma ray dose in both the 

cv. Yalin and line YAA7050-14. Chlorophyll mutation was observed in 1.53% of the plants that emerged at 

this dose in cv. Yalin and 1.62% in the line YAA7050-14. The most common chlorophyll mutation type in 

both genotypes was albino, followed by xantha type chlorophyll mutations in cv. Yalin and viridis type in 

naked barley line YAA7050-14. In similar studies, it was reported that the rate of chlorophyll mutations 

increased in parallel with the increase in mutagen doses (Arain, 1974; Sing et al., 1977; Sakin & Sencar, 2001, 

Çiftçi & Şenay, 2005). Moreover, Ünver (1989) reported that albino and xantha type mutations increased in 

M2 plants as the dose of EMS (Ethyl methanesulfonate) increased in barley cv. Obruk 86. Gustafsson (1946) 

reported that xantha type mutations were six times less frequent than albino mutants and both types of 

chlorophyll mutations increased as the dose increased, but this increase was not linear.  

While albinism in barley is determined by more than one gene region (Makowska & Oleszczuk, 2013), xantha 

mutations giving yellow color are usually governed by a single recessive gene (Motoyoshi, 1967; Liu et al., 

2008). The combined use of physical and chemical mutagens in barley and wheat increases the frequency of 

chlorophyll mutation (Singh et al. 1977, Çiftçi and Şenay, 2005). The pigments involved in photosynthesis are 

called photosynthetic pigments and chlorophylls, the green pigments in plants, are the most active types among 

them. Chlorophylls are mostly found in chloroplasts in mesophyll cells in green leaves of plants and 

chlorophyll-a, and chlorophyll-b derivatives are found in higher plants (Kacar, 1996). Biochemical changes in 

these photosynthetic pigments (chlorophyll-a, chlorophyll-b and xanthophyll) and their deficiencies in plants 

are the main reasons for reduced viability at high mutagen doses (Marcu et al., 2013). While both green 

(chlorophyll) and yellow pigments are absent in albino mutants, only yellow pigments are present in xantha 

type mutants and green pigment is absent. In the viridis type, the proportions of yellow and green pigments are 

changed compared to normal plants (Gustafsson, 1946). Chlorophyll a and b deficiency causes the chlorina-

type mutation that results in pale green leaf color, and there are different types defined by different gene regions 

(Simpson et al., 1985). In albino, xantha, and chlorina type mutations, plants mostly die 2-4 weeks after 

germination because they cannot photosynthesise, while in other types, the amount of chlorophyll approaches 

normal in time and they can continue their vitality until harvest maturity (Motoyoshi, 1967, Ahumada-Flores 

et al., 2021). Chlorophyll mutations, which are not of economic importance because they are generally lethal 

(Wani, 2017), are used as genetic, physiological, and biochemical markers and can be easily identified and 

examined in M2 generation (Patial et al., 2017). Mutants deficient in chlorophyll could be easily detected as 

recessive alleles during germination (Ilhan, 2014). Chlorophyll mutations are one of the important parameters 

used to determine mutation frequency and mutation efficiency in M2 generation (Sakin & Sencar, 2001, Çiftçi 

& Şenay, 2005). In mutation breeding studies, it is recommended to use the dose (effective dose) at which the 

highest chlorophyll mutation frequency is achieved (Çiftçi & Şenay, 2005). In our study, the highest 

chlorophyll mutation numbers were observed at 250 and 300 Gy doses in Yalin barley variety and at 300 Gy 

dose in YAA7050-14 barley line. Therefore, it can be said that the effective doses (ED50) in these genotypes 

are close to 250-300 Gy gamma-ray dose levels. 

4. Conclusion 

The most common chlorophyll mutation in M2 plants of cv. Yalin was albino type, while xantha type 

chlorophyll mutation was found in the line YAA7050-14. The highest chlorophyll mutations were found at 

250 and 300 Gy gamma-ray doses in cv. Yalin and at 300 Gy gamma-ray dose in naked barley line YAA7050-

14. Considering the chlorophyll mutations, it was determined that 250-300 Gy gamma-ray doses had the 

highest mutation frequency in naked barley genotypes. These doses could be utilized to generate mutant plants 

in naked barley breeding studies. Mutant plants have potential as gene sources for developing new naked barley 

varieties for human consumption. 
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