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ABSTRACT 

 

Induction of mutation using chemical mutagens has proved a useful tool 

in crop improvement and has advantages over transgenic approaches in view of 

legislative restrictions and intellectual property. Among chemical mutagens, ethyl 

methanesulfonate (EMS) has been widely used to generate novel traits. An EMS 

mutant population has been generated consisting of about 4,000 M2 lines using a 

Korean landrace of Capsicum annuum, ‘Yuwol-cho’. In total, 1,480 M2 lines were 
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evaluated for novel traits. Various mutant phenotypes were observed in the 353 M2 

lines, which include variations in plant growth (small size, dwarfism), and in 

development of leaves (variegation, color, and morphological changes), flowers 

(inflorescence, morphology, and organ color changes) and fruits (shape and color 

changes). Most of these mutant phenotypes were inherited recessively. Mutants 

were given names according to their phenotypic characteristics with new names 

designated if there were no previous examples of similar phenotypes. These 

phenotypic data will contribute to identify novel genes controlling phenotypes 

related to crop improvement and genetic studies in C. annuum. Additionally, to 

isolate non-pungent mutant lines, pungency of mutants was firstly tested using 

Gibb’s reagent in 917 M2 lines. A total of six non-pungent M2 lines were isolated 

from 917 M2 lines. HPLC analysis was performed for six M2 lines (mature green 

stage fruits) and these six M2 lines turned out to contain very low capsaicinoids. To 

confirm inheritance of non-pungency, M3 lines were generated and four individuals 

(221-2-1, 2, 3, 4) from one M2 line showed low-pungency. In future study, these 

selected mutants will be used for identification of genes controlling pungency. 

 

Keywords: Ethyl methanesulfonate (EMS), mutant lines, pepper, Gibb’s reagent, 

HPLC, non-pungent 
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INTRODUCTION 

 

Pepper (C. annuum L.) is a commercially important vegetable and widely 

used because of its traits related to pungency, shape, size, color and high vitamin C 

content. One of the most important and unique trait in pepper is pungency caused 

by capsaicinoids, alkaloid compounds throughout fruit developmental stages in the 

placenta epidermal cells (Stewart et al., 2007).  

Capsaicinoid compounds have been widely used as a food product, in the 

cosmetic industry, and for pharmaceutical purposes such as in anticancer, anti-

oxidative, and anti-inflammatory drugs, as well as in aerosol sprays for personal 

protection (Aza-Gonzalez et al., 2011; Bosland and Votava, 2012). Therefore, 

regulation of the capsaicinoids contents and also identification of genes controlling 

useful phenotypes related with crop improvement have become significant issues 

due to increasing consumers and researchers requirement. 

The capsaicinoids are synthesised by condensation of a branched-chain 

fatty acid, derived from either leucin or valine, with vanillylamine, derived from 

phenylpropanoid pathway (Del Rosario Abraham-Jua´rez et al., 2008). 

Accumulation of capsaicinoids begins from approximately 20 day post anthesis 

(DPA) until the ripening stage along with a plenty of genes and enzymes 

controlling pungency in biosynthesis pathway (Iwai et al., 1979; Stewart et al., 

2005). However, it is still unknown how those genes and enzymes are involved in 
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the capsaicinoid biosynthesis except for Pun1 and pAMT. Besides, accumulation of 

capsaicinoids can be affected by different growth conditions such as temperature, 

light, nutritional condition and fruit stage, size and fruit position on the plant 

(Harvell and Bosland, 1997; Zewdie and Bosland, 2000a, b; Blum et al., 2003). 

In addition, there are limited genetic diversity to identify functional genes 

related with crop improvement because genetic studies using induced mutants are 

scarce due to the limited numbers of mutants in pepper. To identify novel genes 

and their function, loss of function methods such as chemical mutagenesis, 

transposable elements and T-DNA insertion are widely and successfully used in 

many vegetable crops (Del Rosario Abraham-Jua´rez et al., 2008). 

Mutant populations have been developed in a range of species using 

mutagens such as ionizing radiation and chemical mutagens (Lippert et al., 1964; 

Alcantara et al., 1966). Among the chemical mutagens, ethyl methanesulfonate 

(EMS) is the most widely used and cost effective because of its high mutation rate, 

low lethality and ease of handling (Tadmor et al., 2007). EMS generates nucleotide 

substitutions and concomitant amino acid changes, which can result in altered 

protein composition with gene and phenotypic loss or gain effects (Parry et al., 

2009). 

Mutagenesis has been successfully used for breeding programs in many 

vegetable crops. Notable examples are the improvement of starch in potato (Muth 

et al., 2008), and delayed ripening for long shelf life, reduced height and yellow 

fruit color in tomato (Okabe et al., 2011; Triques et al., 2007). EMS-induced 
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mutant populations have also used for genetic studies in pepper. A single recessive 

mutant, flaccid, was used for studies of turgor pressure and drought stress 

physiology in pepper (Bosland, 2002). Additionally, phenotypic variations were 

mainly reported by Menda et al. (2004), Paran et al. (2007), and Minoia et al. 

(2010) in tomato. They have developed a new genetic resource in the tomato by 

using ethyl methanesulfonate (EMS) mutagenesis. However, there are few studies 

for characterization of novel phenotypic traits in pepper. Besides, there is no study 

to identify genes controlling pungency using mutant populations pepper. 

Therefore, the aims of this study were 1) to construct a mutant population 

using EMS, 2) to isolate non-pungent mutants in pepper.  
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LITERATURE REVIEW 

 

Mutation breeding 

During crop evolution there has been a continuous reduction in genetic 

diversity as breeders have increasingly focused on called elite cultivars. This 

genetic erosion eventually became a bottleneck and various techniques to induce 

mutations and artificially increase variation emerged in the middle of the last 

century. 

Mutant populations have been developed in a range of species using 

mutagens such as ionizing radiation and chemical mutagens (Lippert et al., 1964; 

Alcantara et al., 1966). Among the chemical mutagens, ethyl methanesulfonate 

(EMS) is the most widely used and cost effective because of its high mutation rate, 

low lethality and ease of handling (Tadmor et al., 2007). EMS generates nucleotide 

substitutions and concomitant amino acid changes, which can result in altered 

protein composition with phenotypic loss or gain effects (Parry et al., 2009).  

Mutagenesis has been successfully used for breeding programs in many 

vegetable crops. Notable examples are the improvement of starch in potato (Muth 

et al., 2008), and delayed ripening for long shelf life, reduced height, yellow fruit 

color and sugar contents in tomato (Triques et al., 2007; Minoia et al., 2010; Gady 

et al., 2009, 2011; Okabe et al., 2011). EMS-induced mutant populations have also 

used for genetic studies in pepper. A single recessive mutant, flaccid, was used for 
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studies of turgor pressure and drought stress physiology in pepper (Bosland, 2002). 

And Borovsky et al. (2013) found that orange color in pepper fruit can be caused 

by mutation in β-carotene hydroxylase, which result in accumulation of β-carotene. 

Additionally, phenotypic variation studies were mainly reported by Menda et al. 

(2004), Paran et al. (2007), and Minoia et al. (2010). They have developed a new 

genetic resource in the tomato by using ethyl methanesulfonate (EMS) mutagenesis. 

The collected mutant was organized that it could be used for either forward 

genetics using EMS mutant population and phenotypic data or reverse genetics 

through high-throughput TILLING platform in tomato, for both basic science and 

crop improvement (Minoia et al., 2010). 

In case of pepper, diverse genetic resources have been collected and 

managed in C. annuum (Bosland, 1992). In addition, gene lists including those for 

plant architecture, leaf, flower, fruit (morphological traits, physiological traits), and 

sterility has been revised and updated from previous study in pepper (Wang and 

Bosland, 2006). By contrast, genetic studies using induced mutants are scarce due 

to the limited numbers of mutants in pepper. 

 

Pungency history of biochemistry 

The substance and structure of capsaicin was revealed in 19th century. 

Chemical study of pungency in capsicum was studied by using alkaloid substances 

in natural products. The pungency substances were extracted by maceration with 

organic solvents, which result in formation of salts with alkalis after one year. This 
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active component was named by Thresh as capsaicin in 1846. Capsaicin has no 

odor or flavor, but, it is one of the most pungent compounds ever known. The 

remarkable form of the capsaicin structures was established that it was an 8-

methyl-6-nonenoyl vanillylamide (Nelson and Dawson, 1923). After that, 

Capsaicin had been considered in only one compound influencing pungency. 

However, in 1968, Bennet and Kirby reported that there are five closely related 

pungent compounds such as capsaicin, dihydrocapsaicin, nordihydrocapsaicin, 

homocapsaicin, and homodihydrocapsaicin. These compounds all share a common 

aromatic moiety, vanillylamine, and differ in the length and degree of unsaturation 

of a fatty acid side chain (Leete and Louden, 1968). Among capsaicinoids, a large 

amount of compounds are capsaicin and dihydrocapsaicin which are responsible 

for about 90% of total spiciness (Iwai et al., 1979). More recently, twelve 

compounds have been identified (Kobata et al., 1998). Two capsaicinoid-like 

substances were found in sweet pepper using thin layer chromatography (TLC), 

which are differ from capsaicinoids (Yazawa et al., 1989). Capsiate and 

dihydrocapsiate, capsinoids have been identified from non-pungent cultivar in 

pepper (Capsicum annuum L.) (Kobata et al., 1998). 

 

Site of biosynthesis of capsaicinoid 

Capsaicinoids accumulation and formation site were reported several 

studies since 1960s. In 1962, Ohta identified that the accumulation of capsaicinoids 

were localized in the placenta and interlocular septa much more than the other parts 
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of the fruit using histochemical observation. After thant, several researchers had 

consistantely demonstrated that the capsaicinoids are synthesized in the placenta 

and accumulated in the vacuoles of placental epidermal cells using many methods, 

such as gas-chromatography-mass spectra micromethods, subcellular fractionation, 

radioisotopic technique, and electron microscopy (Iwai et al., 1978, 1979). While 

seeds are not the source of pungency, they occasionally absorb capsaicin because 

of their proximity to the placenta. The accumulation of capsaicinoids begins 

between about 20 and 30 day post anthesis (DPA) until the ripening stage, 40 DPA 

and then reduction of capsaicinoids (Sukrasno and Yeoman, 1993). 

 

Capsaicinoid biosynthesis 

There are two different pathways in the capsaicinoid biosynthesis, one of 

which contributes the fatty acid moiety and the other the aromatic component. The 

capsaicinoid biosynthetic pathway was established since 1960s. Using radiotracer 

studies, capsaicinoid precursors were investigated. Radiolabeled phenylalanine, 

leucine, and valine as precursor of vanillylamine and acyl moiety. First, 

radiolabeled leucine was found to be the precursor of capsaicinoids acyl moiety 

with odd-number of branched fatty acids beside valine the precursor of 

capsaicinoids with even-number of branched fatty acids (Leete and Louden, 1968). 

From several studies, some of identified functional genes related with capsaicinoid 

biosynthesis pathway were identified, such as Penylalanine ammoia lyase (PAL), 

cinnamate 4-hydroxylase (CA4H), 4-coumarate CoA ligase (4CL), 
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hydroxycinnamoyl transferase (HCT), coumaric acid 3-hydroxylase (C3H), caffeic 

O-methyl transferase (COMT), branched-chain amino transferase (BCAT) acyl 

carrier protein (ACL), acyl carrier protein (FAT), 3-keto-acyl-ACP synthase (KAS), 

a putative amino transferase (pAMT), acyl CoA synthetase (ACS), and capsaicinoid 

syntherase (CS). However, genes and their functions controlling capsaicinoid 

biosynthesis were not demonstrated yet except CS and pAMT. 

 

History of genetic research related with pungency 

Presence of pungency is controlled by the Pun1 (formerly known as C) 

locus, which encodes a putative acyltransferase gene (AT3). The absence of AT3, 

homozygous recessive alleles, pun1, results in a complete lack of ability to 

synthesize capsaicinoids. The loss of function allele of pun1 in non-pungent fruits 

(C. annuum) have a 2.5 kb deletion spanning the promoter and the first exon, 

which disrupt the translation of acyltransferase. Another recessive allele of pun12 

was identified in C. chinense, which has a 4 bp deletion in the first exon, resulting 

in a frameshift mutation and disrupt translation, and pun13 was identified in 

C.frutescens, which has a 70 amino acid deletion in the terminal region. In addition, 

some of cloned and mapped functional genes related with capsaicinoid biosynthesis, 

such as caffeic O-methyl transferase (COMT), 3-keto-acyl-ACP synthase (KAS), 

and a putative amino transferase (pAMT). another genes controlling capsaicinoid 

biosynthesis was not demonstrated yet. 
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Regulation of capsaicnoids contents 

Several studies reported that the regulation of capsaicnoids contents in 

pepper have challenging factors. Because accumulation of capsaicinoids can be 

affected by different environmental growth condition such as temperature, light, 

nutritional condition and development of fruit stage, size and fruit position on the 

plant. And it is still unknown how those genes and enzymes are involved in the 

capsaicinoid biosynthesis pathway and quantitative variation of capsaicinoid is not 

yet fully understood. Besides, there are limited diversity to identify functional 

genes related with capsaicinoid biosynthesis because almost studies always used 

crossing method between specific non-pungent, which is naturally occurring 

mutantion in capsaicinoid biosynthesis and pungent to the study of this 

biosynthesis pathway.  

 

Analysis methods to detect quantity of capsaicin 

Many studies have been reported analysis methods to detect capsaicinoid 

contents through Scoville Heat Unit (SHU), spectrophotometer, gas 

chromatography (GC), capillary electrophoresis (CE), layer chromatography (TLC), 

high performance liquid chromatography (HPLC) etc. Among them, the first 

method, Scoville Heat Unit was named by Wilbur L. Scoville who developed the 

Scoville Organoleptic test. This test estimates pungency level from the sense of 

burning mouth, using hot pepper alcoholic extract mixed with water and sugar and 

a tasting panel of five test subjects. The Scoville Heat Test is still occasionally used 
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for pungency of pepper fruits, but it is not suitable to detect the level of each 

capsaicinoids. Therefore, it had been secondly replaced by spectrophotometric 

method because this method is rapid, low cost, and simple (Dicecco, 1979; Suzuki 

et al., 1957). However, spectrophotometric method had been limitingly used 

because this method estimates just the total capsaicinoids contents. If capsaicinoids 

are not even, it will not be obtained reliable data. Among these methods, the most 

recent and popular method for the determination of capsaicinoids have used HPLC. 

The HPLC method has been widely used due to the most reliable and precise 

method for determining level of capsaicinoids. However, HPLC method has time 

consuming preprocessing, high cost to analysis and not suitable for high-

throughput analysis in large population. Therefore, development of new method for 

rapidly and relatively accuracy detection of level of capsaicinoid is necessary. 

Gibb’s reagent was introducded by Gibbs in 1927. Gibb’s reagent was 

used as a reagent for the detection of phenol derivatives and also was analyzed 

using Gibb’s reagent (2,6-dichloroquinone chlorimide) and thin layer 

chromatography (TLC) method in pepper  (Pankar and Magar, 1977; Svobodovfi 

et al., 1978). Otey and John, (2003) reported that Gibb’s reagent produced 2,6-

dichloro-indophenol through interaction with phenolic compounds. Thus, it is 

possible to use quantitative and qualitative analysis of phenolic compounds.  

However, these methods have time consuming preprocessing and labor. 

Therefore, development of rapid and low cost method to detect quantitative and 

qualitative analysis is necessary. Recently, Jeong et al. (2012) reported that Gibb’s 
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reagent can be used for rapid analysis to detect quantity of capsacin contents. 

Capsaicin dectection using Gibb’s reagent is simple to identify the quantity of 

capsaicin through detection of phenolic compounds in capsaicin. Reaction with 

phenolic compounds, Gibb’s reagent change to 2,6-dichloro-indophenol showing 

blue color depends on quantity of capsaicin. In this study, they tried to use fresh 

placenta and placenta extracts for reducing time to detect quantity of capsaicin. As 

a result, there is no significant difference using HPLC method. Thus, using this 

approach, it is possible to isolate non- or mild- or high-pugent by reducing time, 

cost and labor in a large population efficiently.  
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MATERIALS AND METHODS 

 

Plant materials and mutagenesis methods 

A Korean local landrace, C. annuum ‘Yuwol-cho’ which is pungent type, 

was treated with the chemical mutagen EMS. Seeds were pre-soaked in distilled 

water at 24oC and shaken in an incubator for 18 h. In order to induce a mutation 

load, seeds were drenched in 1.5% EMS (Sigma–Aldrich, St. Louis, MO, USA) 

solution in 0.1 M phosphate buffer, pH 7.0 and then incubating the 20 oC for 12 h. 

EMS-treated seeds were washed with 0.5% (v/v) ethyl acetate (Sigma–Aldrich) in 

0.1 M phosphate buffer (pH 7.0) for 50 m (Jeong et al., 2011). M1 and M2 seeds 

were sown in 72-plug trays in a glass greenhouse and then cultivated in small pots 

in a greenhouse (Seoul National University, Suwon, Korea). 

 

Construction and screening of a mutant population 

A total of 3,945 M2 lines derived from Yuwol-cho have been constructed 

since 2009. To evaluate the mutant lines, a total of 1,480 M2 lines (about 37.5% of 

the population) were screened (Table 1). For each mutant line, 10 individuals were 

grown for phenotype evaluation. 
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Table 1. Summary of construction of an EMS population  

Year EMS treatment (%) M1 size Germination rate (%) No. of M2 lines obtained (%) 

2009 1.0 200 85.4 190 (95.0) 

1.5 990 83.0 879 (88.7) 

2.0 72 74.1 29 (40.2) 

2010 1.5 950 80.2 422 (44.4) 

2011 1.5 3,600 81.0 1,776 (49.3) 

2012 1.5 1,000 78.1 649 (64.9) 

Total 6,812  3,945 
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Phenotype screening in M2 mutants 

Phenotypes were evaluated in M2 lines. Phenotypic variation was 

characterized and categorized into 4 classes and 10 subclasses (Menda et al., 2004; 

Minoia et al., 2010). The various mutant phenotypes described were as follows: 

plant growth (small size, dwarfism), leaf development (variegation, color and 

morphological change), flower (inflorescence, morphological change, and organ 

color), and fruit (morphological change and color). 

 

Experiment materials and reagent 

Standard capsaicin (purity > 97.0%, HPLC) was purchased from Sigma 

Aldrich (St. Louis, U.S.A.). Standard capsaicin was diluted in 99.9 % pure 

methanol (Honeywell Burdick & Jackson, Muskegon, MI, USA) to final 

concentrations of 0, 50, 100, 200, 250, 500, 1,000, 2,000 ppm. Gibbs reagent (2,6-

dichloroquinone chlorimide, purity > 95.0 %, TLC) was purchased from Sigma 

Aldrich (St. Louis, U.S.A.), and Gibb’s reagent was diluted in pure methanol by 50 

g/L concentration. Ammonia solution (28%) was purchased from Showa (Tokyo, 

Japan) (Jeong et al., 2012). 

 

Simple method to detect the capsaicinoids content using Gibbs reagent 

screening 

Harvested pepper fruits (mature green stage) in M2 and M3 lines were used 

for capsaicinoids measurement. Capsaicinoids contents were measured by Gibbs 
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reagent as follows: 1) cutting the top of pepper, 2) stamping on the filter paper 

using top of pepper, 3) dropping 15ul Gibbs reagent on the spot, 4) exposure on 

ammonia vapor for 15 sec, and 5) comparing control (standard : 0 ~ 2,000 ppm). 

 

HPLC screening 

For HPLC analysis, three pepper fruits from individual plants of M2 and 

M3 lines were harvested when the fruits were at breaker stage around 35 days post 

anthesis (DPA). The placental tissue of each fruit was separated from the fruits and 

freeze-dried. One gram of freeze-dried powder was extracted with 7.5 ml of ethyl 

acetate and acetone mixture (6:4) by shaking at 37 oC and 200rpm for 24 h. Each 

sample was centrifugation for 15 m and 2,700 rpm. Three milliliters of supernatant 

was evaporated in an Automatic Environmental SpeedVac System AES1010 

(Operon, Gimpo, Korea). The pellet was dissolved in 1 ml 99.9 % pure methanol 

(Honeywell Burdick & Jackson, Muskegon, MI, USA) and then filtered by 0.45μm 

syringe filter (PTFE, Millipore) and each sample 10-ll aliquot was injected for 

HPLC analysis. HPLC was performed on a SP LC (Shiseido, Tokyo, Japan) with 

two connected Capcell Pak C18 UG120 S-5 columns (240 mm 9 4.6 mm, 5 lm) 

(Shiseido). Capsaicinoids were monitored by a photodiode array detector operating 

at 280 nm. Capsaicin and dihydrocapsaicin were purchased from Sigma-Aldrich 

(M2028 and M1022, respectively) (Han et al., 2013). 
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Results 

 

Classification of mutants 

Among 3,945 M2 lines, 1,480 were screened to evaluate traits 

(Table 1). The phenotype alterations were categorized into 4 classes and 

further subcategorized into 10 subclasses (Table 2). The mutation 

frequencies in each category varied. Mutants were given names according to 

their phenotypic characteristics (Wang and Bosland, 2006) with new names 

designated if there were no previous examples of similar phenotypes (Table 

3). Most mutant phenotypes segregated in a 1:3 ratio, indicating that they 

are inherited recessively. In addition, 123 of the 1,480 M2 lines showed 

pleiotropic phenotypes, in which more than one phenotypic trait was 

affected (Menda et al., 2004). For example, among the M2 lines, a dwarfed 

plant was observed with one variegated leaf (half ivory in one leaf) and 

another with downward curling leaves and replicated petals with small 

round fruits. 
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Mutants showing plant growth and leaf abnormalities 

Of 1,480 M2 lines, abnormal morphological variations were 

observed in 353 (24%) compared to wild type (Fig. 1a-f). The largest 

number of morphological variations was observed for leaf morphology, 

followed by abnormal morphology, variegated leaf, and leaf color. In the 

category for plant growth, 96 M2 lines were significantly shorter than wild 

type, Yuwol-cho (Fig. 1g). Moreover, dwarfed plants were observed that 

exhibited retarded growth and no flowers in 11 M2 lines (Fig. 1h, i), similar 

to mutants reported by Daskalov (1973; 1974). 

Leaf color changes and variegated patterning were observed in 100 

M2 lines. Of these, 60 lines had mottled white, white true leaf, pale green 

and dark green in several leaves (frog pattern), mottled yellow, and half 

ivory in one leaf (Fig. 1j-q). Pale green and yellow leaves were observed in 

40 M2 lines (Fig. 1r-t). There were 120 M2 lines that showed abnormal leaf 

morphology. These included hair-like leaves (lack of leaf blade expansion), 

squid leg leaves (ago1 mutant type), Chinese cabbage-like leaves (rugose 

leaves), scabrous leaves (rough leaf surface), downward and upward curling 

leaves, undulating leaves, wilting leaves (flaccid mutant type), compact 

leaves (many fused leaves), broad leaves (leaf blades that are wide, large, 

and round) or narrow leaves (lack of leaf blade expansion) and elongated 
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petiole leaves (Fig. 1u-am). Interestingly, most lines displaying phenotypes 

in leaf morphology did not generate flowers and fruits, except for those with 

downward curling leaves. 

 

Mutants showing abnormal flower or fruit development 

Five distinct changes in flower characteristics were found in the 

mutant lines. These included a flowerless type (enclosed calyx) and 

differences in the number of flowers produced on one branch (flowers and 

fruits born in clusters) (Fig. 1an-ap). These phenotypes were similar to those 

of mutants reported by Van der Beek and Ltifi (1990) and Elizur et al. 

(2009). There were also four floral organ phenotypes like sunflower flower 

shape two flower per one calyx and replicated petals (Fig. 1aq-as), and two 

altered stamen color mutants (black stamen and white calyx and petiole) 

were observed (Fig. 1at-au). In addition, tailed fruits (no seeds and 

abnormal ovary), short and rounded fruits and two fruits from one calyx 

were observed in 10 M2 lines (Fig. 1av-ax). Orange and yellow fruits, with 

variegation at the immature stage (variegated, pale green fruits) were 

observed in eight M2 lines (Fig. 1ay-bb). 
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Table 2. List of phenotypic categories and mutant characteristics (M2). 

a The number of progeny exhibiting wild type or mutant phenotypes in the M2 lines is shown. 

Class Subclass 
No. of 

mutant 
line 

Rate (%) Segregationa 
(mutant : wild type) 

Plant growth small plant 96 27.2 3 : 7 

dwarfism 11 3.1 3 : 7 

Leaf variegation white type 46 13.0 3 : 7 

pale green-green type 10 2.8 1 : 9 

yellow type 3 0.8 2 : 8 

ivory type 1 0.3 1 : 9 

color pale green type  35 9.9 3 : 7 

yellow type 5 1.4 2 : 8 

abnormal  hair-like type 2 0.6 2 : 8 

morphology squid leg type 16 4.5 1 : 9 

cabbage type 4 1.1 2 : 8 

scabrous type 3 0.8 1 : 9 

downward curling type 2 0.6 4 : 6 

upward curling type 4 1.1 3 : 7 

undulation type 1 0.3 3 : 7 

flaccid type 1 0.3 1 : 9 

bushed type  53 15.0 3 : 7 

narrow leaf type 7 2.0 3 : 7 

elongated petiole type  24 6.8 1 : 9 

Flower inflorescence flowerless type 3 0.8 1 : 9 

fasciculation type 2 0.6 3 : 7 

morphology sunflower type 1 0.3 1 : 9 

two flowers on one calyx type 1 0.3 1 : 9 

replicated petal type 2 0.6 3 : 7 

organ color black stamen type 1 0.3 1 : 9 

white calyx and petiole type 1 0.3 1 : 9 

Fruit morphology tailed type 1 0.3 2 : 8 

round and small fruit type 8 2.3 3 : 7 

two fruits on one calyx type 1 0.3 1 : 9 

color two color fruits per one plant
type 

1 0.3 1 : 9 

variegation type in 
immature fruits 

1 0.3 3 : 7 

yellow color type 1 0.3 2 : 8 

orange color type 5 1.4 2 : 8 

Total 353 100  
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Table 3. Classification and naming of EMS mutants of C. annuum. 

Class Subclass Gene(s) Phenotypic characteristic Reference Remark 

Plant 
growth 

small plant sm a small size compared to control  Fig. 1g 
dwarfism dw-1 retarded growth, very short internodes,  

dark green, glossy leaves and no flower  
Daskalov (1973; 1974) Fig. 1h, i 

Leaf white variegation type bv, pi plant with apical and mottled white leaves Cook (1961); Lippert et al. (1965) Fig. 1j-m 

pale green variegation type frcl, chl similarity to frog back shape, 
mottled, pale green with dark-green 
background 

Lippert et al. (1965) Fig. 1n, o 

yellow variegation type myl a mottled yellow leaves  Fig. 1p 
ivory variegation type ivl a ivory color leaf, half ivory and green  Fig. 1q 
pale green type  pgl a pale-green leaves  Fig. 1r, s 

yellow type lut-1 to 18 uniformly yellowish leaves Csillery (1985) Fig. 1t 

hair-like type fi-2, wiry shoestring-like leaf, lack of leaf blade 
expansion 

Csillery (1980); Yifhar et al. (2012) Fig. 1u 

squid leg type ago1 rosette leaves and a single stem, lack a leaf 
blade 

Bohmert et al. (1998) Fig. 1v, w 

cabbage type ru-1, ru-2 rugose and cabbage leaf with dark green, 
downward curved leaves 

Csillery (1983) Fig. 1x 

scabrous type sd rough leaf surface  Bergh and Lippert (1964) Fig. 1y 

downward curling type dcl a downward curling leaves with small round 
fruits 

 Fig. 1z, aa 

upward curling type tu, fl, ca rolled up, tube-like leaf, folded upward (boat-
shaped appearance), rolled upward leaves 

Csillery (1980); Greenleaf (1986);  
Aniel Kumar et al. (2001) 

Fig. 1ab, ac

undulation type fr undulation of leaf margin Csillery (1980) Fig. 1ad 

flaccid type flc flaccid, wilting leaves under typical green- 
house conditions 

Bosland (2002) Fig. 1ae 

bushed and abnormal leaf
type  

sp many leaves fused, limited stem development,
numerous small and large leaves 

Bergh and Lippert (1964) Fig. 1af-ai 

a Mutants were given new names according to their phenotypic characteristics 
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Table 3. Continued. 

Class Subclass Gene(s) Phenotypic characteristic Reference Remark 

Leaf narrow leaf type anv lack of leaf expansion, long and narrow leaves Daskalov and Poulos (1994) Fig. 1aj 

 elongated petiole type  ep narrow and long petiole Aniel Kumar et al. (2001) Fig. 1ak-am

Flower flowerless type cf-2 calyx covering half of the corolla, which  
remains rolled and never opens, and many 
branches 

Pathak et al. (1983) Fig. 1an, ao

fasciculation type ci, fa, ci,  
Mf-1, 2, 3 

compound inflorescences and short internodes, 
flowers borne in clusters 

Van der Beek and Ltifi (1990);  
Elizur et al. (2009); Csillery (1983);
Daskalov and Poulos, (1994);  
Shuh and Fontenot (1990) 

Fig. 1ap 

Flower flowerless type cf-2 calyx covering half of the corolla, which  
remains rolled and never opens, and many 
branches 

Pathak et al. (1983) Fig. 1an, ao

 fasciculation type ci, fa, ci,  
Mf-1, 2, 3 

compound inflorescences and short internodes, 
flowers borne in clusters 

Van der Beek and Ltifi (1990);  
Elizur et al. (2009); Csillery (1983);
Daskalov and Poulos, (1994);  
Shuh and Fontenot (1990) 

Fig. 1ap 

 sunflower type sun a many petals and lots of abnormal carpels  Fig. 1aq 

 two floral organs on one 
calyx 

twfl a two floral organs (flower head) on one calyx  Fig. 1ar 

 replicated petal type rp a replicated petals with downward curling 
leaves 

 Fig. 1as 

a Mutants were given new names according to their phenotypic characteristics 
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Table 3. Continued. 

Class Subclass Gene(s) Phenotypic characteristic Reference Remark 

Flower black stamen type bs a altered black stamen color  Fig. 1at 

white calyx and petiole type wcp a white calyx and petiole with white leaf 

variegation 

 Fig. 1au 

Fruit tailed type sel-1, 2 tailed type, no seed and abnormal morphology 

of the ovary 

Curtis and Scarchuck (1948);  

Prolaram et al. (1990) 

Fig. 1av 

round and small fruit rsfr a round and small fruit and many fruits on one 

node 

 Fig. 1aw 

two fruits on one calyx twfr a two fruits on one calyx  Fig. 1ax 

two color fruits on one plant 

type 

tcfr a orange and yellow color fruits on one plant  Fig. 1ay 

variegation type in immature 

fruits 

vfr a variegated fruits at the immature stage, pale-

orange fruits at the mature stage 

 Fig. 1az 

yellow color y yellow mature fruits  Hurtado-Hernandes and Smith (1985) Fig. 1ba 

orange color B orange mature fruits  Lippert et al. (1965) Fig. 1bb 

a Mutants were given new names according to their phenotypic characteristics 
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Figure 1. Number of mutant phenotypes in M2 mutant population. The Y-axis shows the 
rate of M2 lines phenotypes and the X-axis shows the list of morphological traits. The 
largest number of morphological variations was observed in leaf morphology. 
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Figure 2. Examples of various mutant phenotypes. (a-f) wild type: horizontal and vertical whole plant, 
normal leaf, flower, immature fruit and mature fruit, (g) small plant, (h-i) dwarfism, (j-q) variegated leaf: 
white, pale green-green, mottle yellow, and ivory color, (r-t) leaf color: pale green and yellow color, (u-am) 
abnormal morphology: wiry mutant, squid leg, cabbage, scabrous, downward and upward curling leaf, 
flaccid, compact and fused leaf, narrow, and elongated petiole leaf, (an-ap) inflorescence: flowerless and 
formation of floral cluster similar to the fasciculate mutant type, (aq-as) flower morphology: many petal and 
floral organ, two flower on one calyx and replicated petal, (at, au) flower organ color: black stamen and 
white calyx and petiole, (av-ax) fruit morphology: tailed fruit with no seed and abnormal ovary, small and 
round fruit and two fruit on one calyx, (ay-bb) fruit color: orange and yellow fruit on one plant, variegation 
type in immature stage and orange, yellow and orange fruit. 
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Screening non-pungent mutants using Gibb’s reagent and HPLC analysis in 

M2 lines 

To screen non-pungent pepper lines, a simple method using Gibb’s 

reagent method was used (Jeong et al., 2012). A Gibb’s reagent response was tested 

with different concentrations of capsaicin standard (0, 50, 100, 200, 250, 500, 1000, 

2000 ppm), in which intensity of blue color was changed according to 

concentrations of capsaicin standard (Fig. 3a). Besides, control plants, such as 

Yuwol-cho and Capsicum germplasm accessions (SR211, 213, Dempsey, Perennial, 

ECW, and Habanero), were tested using Gibb’s reagent. 

Yuwol-cho showed dark blue color in mature green stage (35 day post 

anthesis). And Capsicum germplasm accessions with different pugency showed 

different response to Gibb’s reagent. SR211, Perennial and Habanero showed very 

dark blue color indicating very pungent, whereas SR213, Dempsey and ECW 

showed no blue color indicating non-pungent (Fig. 3b).  

Of 1,480 M2 lines, 917 M2 lines (8,632 individuals) were screened for 

isolation of non-pungent plants. Pungency analysis was firstly performed by using 

Gibb’s reagent method to screen large EMS population and secondly confirmed by 

HPLC analysis. A total of six non-pungent mutant lines (M2-22, 221, 695, 848, 

1050, and 1559) were firstly selected using Gibb’s reagent method from 917 M2 

lines (Fig. 3c). After that, HPLC analysis results showed that three lines (M2-22, 

848, and 1559) were non-pungent mutant lines and three line (M2-221, 695, and 

1505) were low-pungent mutant lines. These lines contained almost no capsaicin 
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(M2-22, 848, and 1559) or very low (M2-221, 695, and 1505) compared to Yuwol-

cho (27,510 ± 862 µg/gDW) (Table 4). 
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Figure 3. Gibb’s reagent responses of capsaicin standard, control plant, and M2 line using 
Gibb’s reagent method. (a) Gibb’s reagent response of different capsaicin standard contents 
from 0 to 2,000, (b) Gibb’s reagent different response of Yuwol-cho and Capsicum 
germplasm accessions, (c) Gibb’s reagent response of M2 lines with Gibb’s reagent negative 
response. ppm: part per million, G: green, MG: mature green, and MR: mature red. 
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Table 4. Isolation of non- or low-pungent mutant (M2) using HPLC 

Name 
No. of 

tested plant

No. of 
non-pungent

plant 

Gibb’s 
reagent 

reactiona 

Capsaicinoids content (µg/gDW) By  
HPLC analysisb 

Total CAP DICAP 

M2-22  10 1 NP ND ND ND 

M2-221 10 1 NP 560 391 170 

M2-695 10 1 NP 40 16 25 

M2-848 10 1 NP ND ND ND 

M2-1505 10 1 NP 182 ND 182 

M2-1559 10 1 NP ND ND ND 

Yuwol-cho 
  

P 27,510 ± 862 11,344 ± 767 16,166 ± 95 

a three repetition using Gibb’s reagent screening 
b two repetition using HPLC screening (first analysis was not detected), HPLC analysis was done 
using 35 day post anthesis (DPA) 
* ND: not detected, NP: non-pungent plant, gDW: dry weight of placenta, CAP: capsaicin content, 
DICAP: dihydrocapsaicin content, Total: CAP + DICAP.  
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Screening non-pungent mutants using Gibb’s reagent and HPLC analysis in 

M3 lines 

Selected six non- or low-pungent M2 lines were sown ten seeds per line 

for confirm inheritance non-pungency in M3 generation. Gibb’s reagent response 

results showed that all of 22-1, 695-6, and 848-8 M3 individuals were mild pungent 

in M3 generation. However, some of 1505-5 (two individuals) and 1559-1 (one 

individual) M3 mutant individuals showed low-pungency in Gibb’s reagent test. 

Among them, four individuals from one mutant line (221-2-1, 2, 3, 4) showed non-

pungent phenotypes regardless of developmental stages (Fig. 4a, b). 

HPLC analysis was performed using selected six non-pungent mutants 

and control plants including Yuwol-cho and Capsicum germplasm accessions such 

as Dempsey, a negative control, and Perennial, a positive control. M3 mutant 

individuals of 22-1 and 695-6 contained capsaicinoids contents of 10,523 ug/gDW 

and 11,789 ug/gDW, respectively. Capsaicinoids contents of M3 individuals from 

848-8 could not be measured due to the late fruit development. Of 1505-5 M3 

mutant individuals, two M3 mutant individuals contained low capsaicinoids 

contents, 474 ug/gDW and 295 ug/gDW, respectively. And of two 1559-1 M3 

mutant individuals, one individual showed low capsaicinoids contents, 858 

ug/gDW. Four individuals from one M2 line (221-2-1, 2, 3, 4) contained almost no 

capsaicinoids as low as the nonpungent control Dempsey (Table 5). These mutant 

individuals were analyzed in different three stages (green, mature green, and 
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mature red) and there were almost no changes in capsaicinoids contents, which 

were 140 ± 40, 137 ± 2, 166 ± 66, and 117 ± 3 ug/gDW, respectively (Table 6). 
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Figure 4. Gibb’s reagent responses of Yuwol-cho and an M3 line 221-1 at different stage 
using Gibb’s reagent method. (a) Gibb’s reagent response of Yuwol-cho, (b) Gibb’s reagent 
response of M3 mutant progenies. G: green, MG: mature green, and MR: mature red, 
number means repetition.
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Table 5. Isolation of non- or low-pungent mutant (M3) using HPLC 

Name 
No. of 
tested 
planta 

No. of 
non- 

pungent 

Gibb’s 
reagent 

reactionb

Capsaicinoids contents by  
HPLC analysis (µg/gDW)c 

Total CAP DICAP 

M3-22-1 4 0 MP 10,523 d 5,930 d 4,593 d 

M3-221-2 5 4 LP 103 ± 2 52 ± 8 51 ± 6 

  
102 ± 37 51 ± 18 51 ± 18 

  
135 ± 98 77 ± 57 58 ± 41 

  
84 ± 30 41 ± 12 43 ± 18 

M3-695-6  2 0 MP 11,789d 6,146 d 5,643 d 

M3-848-8  10 0 P N/A N/A N/A 

M3-1505-5 10 2 LP 474d 116 d 358 d 

 
LP 295 d 68 d 227 d 

M3-1559-1 2 1 LP 858 d 172 d 686 d 

Dempsey NP 89 d 36 d 53 d 

Yuwol-cho   P 35,864 ± 2,969 15,285 ± 53 20,579 ± 2,916 

Perennial   P 31,901d 13,895 d 18,005 d 

a indicates survival individuals from ten transplanted individuals per lines, which is selected 
from M2 lines  
b two repetition using Gibb’s reagent screening 
c two repetition using HPLC screening, HPLC analysis was done using 35 day post anthesis 
(DPA) placenta 
d indicates one repetition using HPLC 
* N/A: not analyzed, ND: not detected, NP: non-pungency, LP: low-pungency, MP: mild-
pungency, P: pungent plant gDW: dry weight of placenta 
* CAP: capsaicin content, DICAP: dihydrocapsaicin content, total: CAP + DICAP 
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Table 6. Charicateraization of M3 progenies of M2-221 using HPLC 

Name  Fruit stage 
Gibb’s reagent 

reaction  

Capsaicinoids contents by  
HPLC analysis (µg/gDW) 

Total  CAP  DICAP  

M3-221-2-1 Green  NP  172 ± 130 80 ± 56 92 ± 74 

 
Mature green 103 ± 14 52 ± 8 51 ± 6 

 
Mature red 189 ± 26 94 ± 10 95 ± 16 

M3-221-2-2 Green  NP  159 ± 20 77 ± 5 82 ± 15 

 
Mature green 102 ± 36 51 ± 18 51 ± 18 

 
Mature red 95 ± 13 47 ± 2 48 ± 11 

M3-221-2-3 Green  NP  56 ± 22 25 ± 6 31 ± 16 

 
Mature green 135 ± 98 77 ± 57 58 ± 41 

 
Mature red 170 ± 10 92 ± 0 78 ± 10 

M3-221-2-4 Green  NP  132 ± 22 72 ± 21 60 ± 1 

 
Mature green 84 ± 30 41 ± 12 43 ± 18 

 
Mature red 478 ± 478 281 ± 281 197 ± 197 

Dempsey Mature green NP 89 a 36 a 53 a 

Yuwol-cho  Green  P  27995 ± 1008 11759 ± 1118 16236 ± 110 

 
Mature green 35864 ± 2969 15285 ± 53 20579 ± 2916 

 
Mature red 26709 ± 154 11829 ± 791 14880 ± 637 

a indicates one repetition using HPLC screening 
*NP: non-pungency, P: pungent plant, gDW: dry weight of placenta, CAP: capsaicin 
content, DICAP: dihydrocapsaicin content, total: CAP + DICAP 
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Figure. 5. Characterization of progenies from M2-221. A total of one mutant line and four 
individual (221-2-1, 2, 3, 4) were observed with low pungent phenotypes by three different 
stages (green, mature green, mature red) in comparison to Yuwol-cho and Dempsey by 
HPLC analysis.   
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DISCUSSION 

 

Mutagenesis 

During crop evolution, there has been a continuous reduction in genetic 

diversity. Because breeders have increasingly focused on elite cultivars. Therefore, 

various techniques to increase genetic variations have been developed. In the case 

of pepper, diverse genetic resources have been collected and managed (Bosland, 

1992). In addition, useful gene lists including those for plant architecture, leaf, 

flower, fruit (morphological traits, physiological traits) have been revised and 

updated (Wang and Bosland et al. 2006). However, genetic studies using induced 

mutants are scarce due to the limited numbers of mutants in pepper. Moreover, 

there are few studies for characterization of novel mutant traits in pepper. 

In this study to develop and characterize novel phenotypic traits related to 

crop improvement in pepper, mutant lines derived from Yuwol-cho have been 

collected since 2009. To date, 6,812 M1 lines have been collected and 3,945 M2 

lines have been obtained (Jeong et al., 2011). Among 3,945 M2 lines, 1,480 were 

screened by phenotype observation under greenhouse conditions to identify traits 

that could be useful for crop improvement (about 37.5% of the total M2 lines). Of 

1,480, morphological variations were identified and characterized in 353 M2 lines 

(24%) (Table 2). These mutants will be used as materials for breeding and genetic 

studies. For examples, the ivory variegation in leaves, dwarfed type, undulated 
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leaves and sunflower-like flower, various fruit color can be used for ornamental 

plants. Besides, the hair-like leaves, squid-leg leaves, Chinese cabbage-like leaves, 

fasciculation type, two color fruits per one plant type and caudated fruit can be 

used for genetic studies. Moreover, the broad or narrow leaves could be useful for 

improvement of photosynthetic capacity (Adekola and Oluleye, 2012). 

Some of these mutants related with fruit color and leaf morphology were 

reported in other plants. Specifically, phenotypic variations were mainly reported 

in tomato among Solanaceous crops, which included delayed ripening for long 

shelf life, fruit color, abnormal leaf morphology like wiry mutant (Minoia et al., 

2010; Okabe et al., 2011; Yifhar et al., 2012). For example, hair like leaves (wiry 

mutant) were frequently found in tomato (2% of total), but it was rare in pepper. 

(Paran et al., 2007). It is known that tomato has large number of genes controlling 

the compound leaf structure whereas pepper has fewer genes controlling the leaf 

structure. Nevertheless, two wiry-like mutants were observed in our mutant 

population (Table 2, Fig. 2u). These mutant lines will be used genetic studies for 

identification of genes controlling leaf expansion in pepper. Carotenoids are major 

breeding traits for as fruit color and human diet. The enzyme phytoene synthase 

(PSY1) directs metabolic flux towards carotenoid synthesis in tomato (Gady et al., 

2011). Similarly, orange pepper fruit color was shown to be controlled by the 

carotenoids biosynthetic genes, PSY and capsanthin–capsorubin synthase (CCS) 

(Huh et al. 2001; Lang et al. 2004). In our mutant population, we were also able to 
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select seven fruit color mutants having orange and yellow color (Table 2, Fig. 2ay-

bb). 

These mutants could be used for either forward genetics study or reverse 

genetics through high-throughput TILLING platform. Our phenotypic data will 

contribute to identify novel genes controlling phenotypes related to crop 

improvement and genetic studies in C. annuum. 

 

Isolation of non-pungent pepper using Gibb’s reagent method and HPLC 
analysis 

One of the most important and unique trait in pepper is pungency caused 

by capsaicinoids (Stewart et al., 2007). Capsaicinoid biosynthetic pathway was 

established since 1960s. Using radiotracer studies, capsaicinoid precursors were 

investigated. Radiolabeled phenylalanine, leucine, and valine were used as 

precursors of vanillylamine and acyl moiety. First, radiolabeled leucine was found 

to be the precursor of capsaicinoids acyl moiety with odd-number of branched fatty 

acids beside valine the precursor of capsaicinoids with even-number of branched 

fatty acids (Leete and Louden, 1968). After that, the tissue and cell compartment 

where capsaicinoids are synthesized were identified using many methods, such as 

gas-chromatography-mass spectra micromethods, subcellular fractionation, 

radioisotopic technique, and electron microscopy. Capsaicinoids are synthesized in 

the placenta and accumulated in the vacuoles of placental epidermal cells (Iwai et 

al., 1978, 1979). From several studies, some of identified functional genes related 
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with capsaicinoid biosynthesis pathway were characterized. Nevertheless, the role 

of many of genes, such as penylalanine ammoia lyase (PAL), cinnamate 4-

hydroxylase (CA4H), caffeic O-methyl transferase (COMT), 3-keto-acyl-ACP 

synthase (KAS) and a putative amino transferase (pAMT) was not fully 

demonstrated. Because it is still unknown how those genes and enzymes are 

directly participated in the capsaicinoid biosynthesis pathway (del Rosario 

Abraham-Jua´rez et al., 2008). Besides, there are limited genetic diversity to 

identify functional genes related with capsaicinoids biosynthesis and cumbersome 

method of analysis to detect capsaicinoid contents.  

There is no study to identify genes controlling pungency in capsaicinoids 

biosynthesis pathway using pepper mutant population. The present study aimed at 

the construction of EMS mutant population to isolate the non-pungent pepper 

mutants having defects in capsaicinoid biosynthesis. A total of 917 M2 ines (8,632 

individuals) were screened for isolation of non-pungent pepper lines. Gibb’s 

reagent method was utilized for efficient screening of nonpungent Jeong et al. 

(2012). Later, nonpungency was confirmed by HPLC analysis. Six M2 lines were 

identified by simple Gibb’s reagent method. Secondly six M2 lines were confirmed 

by HPLC analysis as non-pungent mutants (Fig 3, Table 4). Among them, one 

mutant line consisted of four individuals (221-2-1, 2, 3, 4) were confirmed have 

almost no capsaicinoids contents (Fig. 4, Table 5, 6). These results demonstrated 

that it is possible to efficiently obtain non-pungent pepper from the EMS mutant 

population by combination of Gibb’s reagent method and HPLC analysis.  
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In future studies, these isolated low capsaicinoids mutants could be used 

to identify genes controlling capsaicin biosynthesis synthesis. First, the sequence 

and expression pattern of capsaicin synthase will be tested. If there is no difference 

in the sequence and expression, then RNA-sequencing will be performed to 

identify genes controlling pungency related with capsaicinoids biosynthesis. 

Futhermore, to identify compounds affected by EMS mutation, GC-MS will be 

performed. 
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ABSTRACT IN KOREAN 

 

화학물질을 이용한 돌연변이 유도방법은 형질전환 방법에서 

제한되는 법률적인 문제와 비윤리적인 방법으로부터 자유로운 방법으로 

다양한 채소 작물분야에서 작물개량을 하는데 있어서 표현형적인 연구와 

유전자 기능 분석연구에 다양하게 활용되고 있다. 화학적 돌연변이 

유도물질 중에서도 ethyl methanesulfonate (EMS) 화학물질은 작물 

내에서 새로운 형질을 찾기 위해 많이 쓰이고 있는 돌연변이 유도 물질 

중 하나이다. 본 연구에서는 맵고 개화시기가 빠른 유월초라는 한국 

재래종에 1.5%의 EMS 돌연변이 유도 물질 처리를 통해 구축한 약 

4,000 개의 M2 돌연변이 계통 중에서 1,480 개의 M2 돌연변이 계통을 

이용해 새로운 형질을 찾고자 하였다. 그 결과 353 개의 M2 돌연변이 

계통에서 다양한 돌연변이 표현형을 관찰할 수 있었으며, 총 4 개의 

대분류와 10 개의 소분류로 생장습성(식물체 크기 그리고 왜소증), 

잎(얼룩무늬, 색깔, 그리고 형태적인 변이), 꽃(꽃차례, 형태적 그리고 

색깔 변이), 그리고 과실(형태적 그리고 색깔변이)로 분류되었으며, 

대부분의 돌연변이 표현형은 열성 유전되었다. 이러한 결과는 기존 

참고문헌들에서 보고되었던 표현형적인 형질들과 비교를 통해 이전에 

보고된 표현형과 유사한 표현형의 경우에는 같은 이름으로 명명하고 
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그렇지 않은 표현형의 경우에는 표현형적인 형질에 따라 새로운 이름을 

정해 database 를 구축하였다. 본 연구에서 확보한 돌연변이 집단은 

유용한 표현형적 형질에 대한 연구와 작물 개량에 중요하게 영향을 주는 

유전자 기능 분석에 활용될 수 있을 것이다. 

아울러 돌연변이 집단으로부터 맵지 않은 개체를 선발함으로써 캡

사이시노이드 합성 과정을 연구할 수 있는 재료를 육성하고자 하였다. 

본 연구에서는 1차적으로 Gibb’s reagent를 이용해 간이적으로 매운맛 

분석을 위한 대량 스크리닝을 수행하였으며, 그 결과 총 917개의 M2 돌

연변이 계통에서 6개의 M2 돌연변이 계통을 선발 하였고 2차적으로 

Gibb’s reagent를 통해 선발한 6개의 M2 돌연변이 계통을 대상으로 

좀 더 정확한 데이터 확보를 위해 HPLC를 수행하여 6개의 맵지 않거나 

캡사이시노이드 함량이 컨트롤에 비해 적은M2 돌연변이 계통을 확보할 

수 있었다. 계통을 고정시키고 분리비를 확인하기 위해서 6개의 선발된 

돌연변이 계통을 M3로 세대를 진전시켰으며, 다시 Gibb’s reagent와 

HPLC 분석을 통해 1개의 계통 내에서 총 4개의 저 신미 개체 (221-

2-1, 2, 3, 4)를 선발할 수 있었다. 이러한 결과를 통해 Gibb ’ s 

reagent를 1차적으로 사용해 대량 스크리닝을 수행하게 된다면 기존에 

HPLC로 분석할 때 보다 가격, 시간적인 측면에서 매우 효과적인 방법

임을 확인할 수 있었으며. 뿐만 아니라 이렇게 확보한 식물재료는 매운
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맛을 조절하는 캡사이시노이드 생합성 과정에 관여하는 유전자 기능분석

에 유용한 육종재료로 활용 가능할 것이라고 기대한다. 

 

주요어: Ethyl methanesulfonate (EMS), 돌연변이 계통, 고추, Gibb’s 

reagent, HPLC, 저 신미 
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