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Abstract. The species of genus Capsicum are synthesizing capsaicinoids — alkaloids that give pungency in
peppers. The most pungent capsaicinoids are capsaicin and dihydrocapsaicin. Capsaicin is the component of chili
peppers which is irritant for mammals, including humans, and produces a sensation of burning in any tissue with
which it comes into contact. Pungency as a feature has two aspects — quantitative and qualitative — affected by the
way the general biosynthetic pathway of capsaicin and other capsaicinoids’ synthesis is affected. Capsaicin is syn-
thesized in the interlocular septum of plants of the Capsicum genus and its production is qualitatively controlled
by the Punl locus. It was found that the locus contains a putative acyltransferase. Several mutant alleles of Punl
gene were identified through classical breeding methods as responsible for the loss of pungency. Furthermore,
the mutation in another locus (Pun2) was also found to affect the levels of capsaicin production thus providing
evidence for the presence of a second gene with a major epistatic effect on capsaicin production. Here we review
the current state of the knowledge accumulated so far as regards the alleles and their interactions that affect the
production of this compound. The less pronounced effects of other genes in the biosynthetic pathway and some
transcription factors are also discussed.
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INTRODUCTION

The Capsicum genus belongs to the Solanaceae family and includes peppers with important eco-
nomic value (Giuffrida, D. et al. 2013). Following their discovery by Europeans in South and Central
America at the end of the fifteenth century it took less than two hundred years for the five species of
capsicum peppers to spread across the world (Halikowski-Smith, S. 2015). They are distributed broadly
around the world, mainly due to their attributes of color, pungency and aroma (Bogusz Junior, S. et al.
2015; Sousa, E.T. et al. 20006).

As an economically important crop on a global scale, pepper is thoroughly researched (Das, S. et al.
2016; Ibarra-Torres, P. et al. 2015; Lahbib, K. et al. 2017; Moreira, A.F.P. et al. 2018; Tanaka, Y. et al.
2014; Tsaballa, A. et al. 2015; Zhang, X.-m. et al. 2016). One feature of particular interest of the species
from Capsicum genus is their unique ability to synthesize capsaicin. After its biosynthesis this substance
is secreted towards the outer epidermal cells and finally accumulated in structures called ‘blisters’ lo-
cated on the placental surface (Ananthan, R. et al. 2018; Aza-Gonzalez, C. et al. 2011; Lahbib, K. et al.
2017; Stewart, C. et al. 2007; Suzuki et al. 1980).

Genetic control of pungency. Pungency in peppers is due to the presence of alkaloid compound group
— capsaicinoids, which are only produced in Capsicum genus. The most commonly occurring capsaicino-
ids are capsaicin (69%), dihydrocapsaicin (22%), nordihydrocapsaicin (7%), homocapsaicin (1%), and ho-
modihydrocapsaicin (1%) (Bennett and Kirby, 1968; De Aguiar et al., 2013; Lahbib, K. et al. 2017). Most
pungent capsaicinoids are capsaicin and dihydrocapsaicin (both 16.0 million SHU) (Govindarajan and
Sathyanarayana, 1991). Capsaicin (8-methyl-N-vanillyl-6-nonenamide) is synthesized in placental tissues,
mostly between 20 and 30 days after flowering (DAF) in the fruits of pungent pepper cultivars (Sanchez-
Segura et al., 2015). John Clough Thresh first isolated capsaicin in almost pure form (Thresh, 1876) and
gave it the current name. It is now well established that in mammals capsaicin activates a specific member
of the transient receptor potential ligand-gated ion channel family, TRPV1 (previously known as the vanil-
loid receptor, VR1) (Iwai et al., 1979). The characteristic pain perceived when capsaicinoids contact tissue
is a consequence of a specific interaction between the capsaicinoid molecule and the pain receptor TRPV1
(Caterina et al., 1997). As the relation between the levels of its production and the strength of pain percei-
ved is quite straightforward it is important to be able to determine the allele states of the genes involved to
distinguish pungent and sweet peppers in breeding programs.

Capsaicin ((E)-N-[(4-Hydroxy-3-methoxyphenyl) methyl]-8-methylnon-6-enamide) is the most
abundant in quantity, though not more spicier than other capsaicinoids such as dihydrocapsaicin, homo-
capsaicin and homodihydrocapsaicin based on the Scoville scale (Scoville, 1912). Capsaicin was first
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isolated from paprika and cayenne in the late 19th century (Thresh, 1876). The exact nature of capsaicin
was established in 1923 (Nelson and Dawson, 1923).

The general biosynthetic pathway of capsaicin and other capsaicinoids was elucidated in late 1960s
(Bennett and Kirby, 1968); (Leete and Louden, 1968). Nowadays it is known that two pathways are in-
volved in capsaicin biosynthesis: (1) the phenylpropanoid pathway derived from phenylalanine leading
to vanillylamine; and (2) the branched chain fatty acid pathway derived from valine leading to 8-me-
thyl-6-nonenoyl-CoA (Aza-Gonzalez, C. et al. 2011; Kim, S. et al. 2014; Mazourek, M. et al. 2009). The
condensation reaction of vanillylamine with 8-methyl-6-nonenoyl-CoA is thought to be catalyzed by a
coenzyme A-dependent acyltransferase (Fig. 1).

Early genetic studies identified a single dominant gene, C, now known as Punl, that in the homo-
zygous recessive condition results in absence of pungency regardless of genotype at other loci throug-
hout the genome that affect pungency level or other aspects of this trait (Deshpande, R.B.1935; Stewart,
C. et al. 2005). Although the genes involved in capsaicinoid synthesis have been extensively studied,
the gene responsible for the acylation of vanillylamine remained unknown until Kim et al. (Kim, M.W.
et al. 2001) reported the SB2-66 clone as a possible candidate.
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Figure 1. Model of the capsaicinoid biosynthetic pathway

Enzymes are shown adjacent to the reactions they catalyze. For those enzymes underlined, the gene
encoding them has been cloned in Capsicum. Kas is the only enzyme functionally characterized in Cap-
sicum; all other enzyme attributions are based on nucleotide similarity and differential gene expression.
Pal, phenylalanine ammonia lyase; Ca4H, cinnamic acid 4-hydroxylase; 4CL, 4-coumarate CoA liga-
se; HCT, hydroxycinnamoyl transferase; C3H, coumaroyl shikimate/quinate 3-hydroxylase; COMT,
caffeic acid O-methyltransferase; pAMT, aminotransferase; BCAT, branched-chain amino acid trans-
ferase; Kas, 3-keto-acyl ACP synthase; ACL, acyl carrier protein; Fat, acyl-ACP thioesterase; ACS,
acyl-CoA synthetase; CS, capsaicin synthase (Stewart, C. et al. 2007).

The C locus was first tagged by the molecular marker CD25 on linkage group 2 (Tanksley, S.D. et
al. 1988). Later, more closely linked markers were developed by several research groups (Blum, E. et
al. 2002; Blum, E. et al. 2003; Sugita, T. et al. 2005). To identify candidate genes for Pun, differential
expression patterns of transcripts in placental tissues were compared between pungent and nonpungent
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peppers (Aluru, M.R. et al. 2003; Kim, M.W. et al. 2001). Among the candidate genes, the SB2-66 clo-
ne, which is specifically expressed only in the pungent placenta and encodes a putative acyltransferase
(AT3), co-segregated with the Punl locus (Stewart, C. et al. 2005). This study finally demonstrated
that SB2-66 was the putative acyltransferase involved in capsaicinoid production. It is encoded by AT3
gene, namely Pungent gene 1 (Punl), earlier known as capsaicin synthesis (CS), on chromosome 2
(Ben-Chaim, A. et al. 2001; Blum, E. et al., 2002; Lefebvre, V. et al. 1995). The expression profile of
Punl correlates with pepper pungency and the deletion or down-regulation of the Punl gene results in
a decreased accumulation of capsaicinoids.

Punl has been reported to control capsaicinoid synthesis in nonpungent pepper (Han, K. et al. 2013;
Kobata, K. et al. 2013). The locus has a qualitative effect on capsaicinoid biosynthesis in cultivated
varieties belonging to the species C. annuum, C. chinense and C. frutescens, which are thought to form
a closely related species complex (Carvalho, S.I.C. et al., 2014). Mutations in the Punl gene result in a
loss of pungency.

Several mutant alleles are identified as responsible for the loss of pungency. Four loss-of-function
alleles of Punl have been reported to date: punli’ in C. annuum, punli? in C. chinense, punl® in C. frutes-
cens and punl? in the Japanese non-pungent cultivar ‘Nara Murasaki’ (C. annuum).

The allele punl’ is widely distributed in sweet C. annuum cultivars. The recessive punl’ was found to
have a 2.5-kb deletion spanning from the putative promoter region to most of the first exon region (Ste-
wart, C. et al. 2005) in which case the protein is not transcribed or translated (Fig. 2). It is thought that
the abundantly distributed punl’ allele utilized in different breeding programs involving non-pungent
peppers has occurred approximately 3 centuries ago (Boswell, V.R. 1937; Lee, C.-J. et al. 2005).

The second type of Punl allele, puni? in C. chinense, has a 4-bp deletion in the first exon region that
creates an early stop codon. In this allele, there is transcription, but no protein product is recovered (Stewart,
C. et al. 2007). Genetic analysis revealed that puni? co-segregated exactly with the absence of blisters, non-
pungency, and a reduced transcript accumulation of several genes involved in capsaicinoid biosynthesis.
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Figure 2. Known alleles of Punl gene

Alarge 5’ deletion produced punl’, a frameshift mutation in the second exon is found in pun/? and an
indel truncates the second exon of pun 1. The punl' and punI° mutations are not transcribed, while tran-
scription but not translation has been observed for puni?. punl* possesses a single nucleotide insertion
in the 2nd exon, which causes a frameshift mutation (Kirii, E. et al. 2017; Stellari et al., 2010).
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Chr02 It was later found that the loss of pungency phenotype in C. fru-

136.67Mb e - tescens also maps to Punl locus and co-segregates with molecular
markers developed to detect alleles of Punl. Although this mutation

is allelic to punl’ and puni’ more detailed studies demonstrated this

136.76Mb AT3-D2 to be a different allele, which was designated pun/’. Similarly to
136.78Mb AT3-D1 punl’ and punl’ the presence of mutated allele puni® is correlated
136.80Mb AT3-D3 with loss of pungency. The allele puni? of C. frutescens has a large

deletion in the 2nd exon region leading to the loss of 70 amino acids
in the Punl protein (Stellari, G.M. et al. 2010). This allele is neither
transcribed nor translated.

At punl? one insertion in the 2nd exon causes a frameshift mu-

Figure 3. Localization of the three tation but it has a complete promoter and exon 1. The origin of this

duplicated copies of AT3 (Punl) allele in C. annuum cv. ‘Nara Murasaki’ is unknown (Kirii, E. et

gene (Qin, C. et al. 2014) al. 2017) and the variations in the loss-of-function allele have not
been fully understood.

Mutations in Punl locus have, for a long period of time, been preferred and utilized in the breeding
of non-pungent peppers (Deshpande, R.B. 1935) due to their qualitative inheritance.

With the advancement of sequencing technology the genome of Capsicum sp. has also been resear-
ched (Kim, S. et al. 2014; Qin, C. et al. 2014) it appeared that three tandem copies of AT3 (Punl) gene
could be identified (Qin, C. et al. 2014) (Fig. 3).

Notably, only the AT3-D1 gene of the non-pungent peppers carries the Punl allele (Figure 4). Au-
thors concluded that the expression of AT3-D2 could probably keep the trace amount of capsaicin and
dihydrocapsaicin detected in nonpungent peppers. The dosage compensation effect by AT3-D2 (Capan-
£02g002091) and AT3-D1 (Capang02g002092) in locus C (Deshpande, 1935) was found to shape the
pungent diversification in peppers.
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Figure 4. Comparative analysis showed that only the AT3-D1 locus carries the punl mutation in non-
pungent peppers (Qin, C. et al. 2014)

(a) The structure of AT3-D1 and its haplotypes at the Pun1 locus from 20 pungent and 2 non-pungent ge-
notypes. punl’ allele (C locus) has a 2,724/2,930-bp deletion in non-pungent genotypes spanning the putative
promoter and the first exon. (b) The structure of AT3-D2 and its haplotypes at the Pun1 locus from 20 pungent
and 2 non-pungent genotypes. Note the absence of the large deletion in the non-pungent genotypes.

As early as 2007 it was suggested that the levels of expression of pungency might be modified by the
presence of epistasis, over-dominance, or dominance complementation (Garcés-Claver, A. et al. 2007).
Through mapping and complementation studies (Stellari, G.M. et al. 2010) the mutation causing loss of
pungency in the undomesticated Capsicum chacoense was found at a locus P1260433-np that is not alle-
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lic to the other known Punl alleles. This new gene was therefore designated as Pun2. The further elabo-
ration of its function by the same group demonstrated that it is epistatic to the wild type Punl gene.

As the biochemical pathway of capsaicin biosynthesis is quite complex it was not surprising that (Alu-
ru, ML.R. et al. 2003) observed that transcript accumulation of several capsaicinoid biosynthetic genes was
correlated with the level of pungency. A strong up-regulation of several capsaicinoid biosynthetic genes
(p-AMT, Pal, Kas, BCAT, FatA — Figure 1) occurs 20 days after flowering coinciding with capsaicinoid ac-
cumulation in pungent varieties of both C. annuum and C. chinense (Stewart, C. et al. 2005). Most notably
the large effects of BCAT gene (Fig. 1) that is situated at the root of the branched chain fatty acid pathway
were detected (Ben-Chaim, A. et al. 2006). Another key player in the same branch was identified to be the
Kas — a key to regulate the major precursors for acyl moieties of capsaicinoids (Reddy, U.K. et al. 2014).

Another important player in capsaicinoid biosynthesis is p-AMT gene. Loss-of-function mutation in
p-AMT switches the capsaicinoid pathway to the capsinoid pathway, and reverses the ratio between the
two analogs (Tanaka, Y. et al. 2014) thus reducing pungency.

Of course the induction and regulation of the many genes involved is expected to be controlled by va-
rious transcription factors and two of them (Erf and Jerf) were recently identified (Keyhaninejad, N. et al.
2014). The characterization of these transcription factors in nine chili cultivars with distinct capsaicinoid
contents demonstrated a correlation of their expression with pungency. Interestingly, a number of amino
acid variants were observed in both transcription factors from different chili cultivars, but none of these
changes involved the DNA binding domains. It can therefore be expected that the observed changes in
gene expression are due rather to protein-protein interactions of these transcription factors with other pla-
yers, affecting capsaicinoid biosynthesis, than to direct modifications of their DNA-binding affinity.

Overall, the orchestrated induction of gene expression at about 20 DPA was found to happen down-
stream of Pal (Stewart, C. et al. 2007). This indicates that coordinated transcriptional regulation of cap-
saicinoid biosynthesis occurs with genes that are specific to this metabolic pathway.

CONCLUSSIONS

The capsaicinoids are secreted from glandular epidermal cells into subcuticular cavities that swell
to form blisters along the epidermis. The blister development is positively associated with capsaicinoid
accumulation and they are not present in non-pungent fruits.

Throughout more than a century of extensive research, it was established that the punl’ allele is
responsible for non-pungency within C. annuum as a result of a large deletion at Pun! that had been
conserved and propagated for several centuries. It was probably the first to be identified by humans
and current understanding of its function is consistent with the possibility that a single defect has ple-
iotropic effects on capsaicinoid biosynthesis and blisters. This implies that capsaicinoid biosynthesis
is required for blister formation.

The identification of three more alleles in the same locus (puni?, punl? and pun 1¥) confirmed both
the key role of Punl gene and the fact that people were re-discovering new sweet varieties throughout
time and space. As the interest was present not only for the fruits that completely lack pungency, but
also for the ones with modified levels of it, genotypes having such properties were also developed.
As the levels of capsaicinoid accumulation are quantitatively controlled, the variations in efficiency
of transcription factors’ binding to other protein moieties as well as the gene(s) with epistatic effects
were subsequently selected long before our understanding of the genome functioning was able to
reveal the exact causes of specific levels of pungency in different varieties.

REFERENCES

1. ALURU, M.R., MAZOUREK, M., LANDRY, L.G. et al. (2003). Differential expression of fatty acid syn-
thase genes, Acl, Fat and Kas, in Capsicum fruit. In: Journal of Experimental Botany, vol. 54, pp. 1655-1664.

2. ANANTHAN, R., SUBHASH, K., LONGVAH, T. (2018). Capsaicinoids, amino acid and fatty acid profiles
in different fruit components of the world hottest Naga king chilli (Capsicum chinense Jacq). In: Food Chemistry,
vol. 238, pp. 51-57.

3. AZA-GONZALEZ, C., Nuiiez-Palenius, H. G., Ochoa-Algjo, N. (2011). Molecular biology of capsaicinoid
biosynthesis in chili pepper (Capsicum spp.). In: Plant Cell Reports, vol. 30, pp. 695-706.



Todorka Srebcheva, Bojin Bojinov. Genetic control of non-pungency in pepper (Capsicum sp.) (mini-review) (57-63)

62 Stiinta agricola, nr. 2 (2018)

4. BEN-CHAIM, A., BOROVSKY, Y., FALISE, M., MAZOUREK, M. et al. (2006). QTL analysis for cap-
saicinoid content in Capsicum. In: Theoretical and Applied Genetics, vol. 113, pp. 1481-1490.

5. BEN-CHAIM, A., GRUBE, R.C., LAPIDOT, M., JAHN, M., PARAN, 1. (2001). Identification of quantita-
tive trait loci associated with resistance to cucumber mosaic virus in Capsicum annuum. In: Theoretical and Ap-
plied Genetics, vol. 102, pp. 1213-1220.

6. BENETT, D.J., KIRBY, G.W. (1968). Constitution and biosynthesis of capsaicin. In: Journal of the Chemical
Society C: Organic, pp. 442-446.

7. BLUM, E., LIU, K., MAZOUREK, M., YOO, E.Y., JAHN, M., PARAN, I. (2002). Molecular mapping of
the C locus for presence of pungency in Capsicum. In: Genome, vol. 45, pp. 702-705.

8. BLUM, E., MAZOUREK, M., O°’CONNELL, M. et al. (2003). Molecular mapping of capsaicinoid biosyn-
thesis genes and quantitative trait loci analysis for capsaicinoid content in Capsicum. In: Theoretical and Applied
Genetics, vol. 108, pp. 79-86.

9. BOGUSZ Junior, S., MARCO, P. H., VALDERRAMA, P. et al. (2015). Analysis of volatile compounds in Capsicum
spp. by headspace solid-phase microextraction and GC X GC-TOFMS. In: Analytical Methods, vol. 7, pp. 521-529.

10. BOSWELL, V. R. (1937). Improvement and genetics of tomatoes, peppers, and eggplant. /n: Yearbook
of Agriculture. Ed. H. A. Wallace. Washington: United States Government Printing Office. pp. 176-206.

11. CARVALHO, S. I. C., RAGASSI, C. F., BIANCHETTI, L. B. et al. (2014). Morphological and genetic
relationships between wild and domesticated forms of peppers (Capsicum frutescens L. and C. chinense Jacquin).
In: Genetics and Molecular Research, vol. 13, pp. 7447-7464.

12. CATERINA, M. J., SCHUMACHER, M. A., TOMINAGA, M. et al. (1997). The capsaicin receptor: a heat-
activated ion channel in the pain pathway. In: Nature, vol. 389, p. 816.

13. DAS, S., TEJA, K. C., DUARY, B. et al. (2016). Impact of nutrient management, soil type and location
on the accumulation of capsaicin in Capsicum chinense (Jacq.): One of the hottest chili in the world. In: Scientia
Horticulturae, vol. 213, pp. 354-366.

14. De AGUIAR, A. C,, SALES, L. P,, COUTINHO, J. P. et al. (2013). Supercritical carbon dioxide extraction of
Capsicum peppers: Global yield and capsaicinoid content. In: Journal of Supercritical Fluids, vol. 81, pp. 210-216.

15. Deshpande, R. B. (1935). Studies in Indian chillies: IV. Inheritance of pungency in Capsicum annuum L.
In: Indian Journal of Agricultural Sciences, vol. 5, pp. 513-516.

16. GARCES-CLAVER, A., GIL-ORTEGA, R., Alvarez-Fernandez, A., Arnedo-Andrés, M. S. (2007). Inheri-
tance of Capsaicin and Dihydrocapsaicin, determined by HPLC-ESI/MS, in an intraspecific cross of Capsicum
annuum L. In: Journal of Agricultural and Food Chemistry, vol. 55, pp. 6951-6957.

17. GIUFFRIDA, D., DUGO, P., TORRE, G. et al. (2013). Characterization of 12 Capsicum varieties by evalu-
ation of their carotenoid profile and pungency determination. In: Food Chemistry, vol. 140, pp. 794-802.

18. GOVINDARAIJAN, V. S., SATHYANARAYANA, M. N. (1991). Capsicum — production, technology,
chemistry, and quality. Part V: Impact on physiology, pharmacology, nutrition, and metabolism; structure, pungen-
cy, pain, and desensitization sequences. In: Critical Reviews in Food Science and Nutrition, vol. 29, pp. 435-474.

19. HALIKOWSKI-SMITH, S. (2015). In the shadow of a pepper-centric historiography: Understanding the
global diffusion of capsicums in the sixteenth and seventeenth centuries. In: Journal of Ethnopharmacology, vol.
167, pp. 64-77.

20. HAN, K., JEONG, H., SUNG, J., KEUM, Y. et al. (2013). Biosynthesis of capsinoid is controlled by the
Punl locus in pepper. In: Molecular Breeding, vol. 31, pp. 537-548.

21.IBARRA-TORRES, P, VALADEZ-MOCTEZUMA, E. et al. (2015). Inter- and intraspecific differentiation of Capsi-
cum annuum and Capsicum pubescens using ISSR and SSR markers. In: Scientia Horticulturae, vol. 181, pp. 137-146.

22. IWAI K., SUZUKI, T., FUIIWAKE, H. (1979). Formation and Accumulation of Pungent Principle of
Hot Pepper Fruits, Capsaicin and Its Analogues, in Capsicum annuun var. annuun cv. Karayatsubusa at Different
Growth Stages after Flowering. In: Agricultural and Biological Chemistry, vol. 43, pp. 2493-2498.

23. KEYHANINEJAD, N., CURRY, J., ROMERO, J., O’CONNELL, M. A. (2014). Fruit specific variability
in capsaicinoid accumulation and transcription of structural and regulatory genes in Capsicum fruit. In: Plant Sci-
ence, vol. 215-216, pp. 59-68.

24. KIM, M.W., KIM, S.J., KIM, S.H., KIM, B.D. (2001). Isolation of cDNA clones differentially accumulated in
the placenta of pungent pepper by suppression subtractive hybridization. In: Molecullar Cells, vol. 11, pp. 213-219.

25.KIM, S., PARK, M., YEOM, S.-I., KIM, Y.-M., LEE, J.M. et al. (2014). Genome sequence of the hot pep-
per provides insights into the evolution of pungency in Capsicum species. In: Nature Genetics, vol. 46, p. 270.

26. KIRIL, E., GOTO, T., YOSHIDA, Y., YASUBA, K.-i., TANAKA, Y. (2017). Non-pungency in a Japanese
Chili Pepper Landrace (Capsicum annuum) is Caused by a Novel Loss-of-function Punl Allele. In: The Horticul-
ture Journal, vol. 86, pp. 61-69.

27. KOBATA, K., SUGAWARA, M., MIMURA, M., YAZAWA, S., WATANABE, T. (2013). Potent produc-
tion of capsaicinoids and capsinoids by Capsicum peppers. In: Journal of Agricultural and Food Chemistry, vol.
61, pp. 11127-11132.

28. LAHBIB, K., DABBOU, S., BOK, S. E. L., PANDINO, G., LOMBARDO, S., GAZZAH, M. E. L. (2017).



Todorka Srebcheva, Bojin Bojinov. Genetic control of non-pungency in pepper (Capsicum sp.) (mini-review) (57-63)

Stiinta agricola, nr. 2 (2018) 63

Variation of biochemical and antioxidant activity with respect to the part of Capsicum annuum fruit from Tunisian
autochthonous cultivars. In: Industrial Crops and Products, vol. 104, pp. 164-170.

29. LEE, C.-J., YOO, E., SHIN, J., HYUN SHIN, J. et al. (2005). Non-pungent Capsicum contains a deletion
in the capsaicinoid synthetase gene, which allows early detection of pungency with SCAR markers. In: Molecules
and Cells, vol. 19, pp. 262-267.

30. LEETE, E., LOUDEN, M. C. L. (1968). Biosynthesis of capsaicin and dihydrocapsaicin in Capsicum frute-
scens. In: Journal of the American Chemical Society, vol. 90, pp. 6837-6841.

31.LEFEBVRE, V., PALLOIX, A., CARANTA, C., POCHARD, E. (1995). Construction of an intraspecific integrated
linkage map of pepper using molecular markers and doubled-haploid progenies. In: Genome, vol. 38, pp. 112-121.

32. MAZOUREK, M., PUJAR, A., BOROVSKY, Y., PARAN, 1., MUELLER, L., JAHN, M. M. (2009). A
Dynamic Interface for Capsaicinoid Systems Biology. In: Plant Physiology, vol. 150, pp. 1806-1821.

33. MOREIRA, A. F. P, RUAS, P. M., RUAS, C. D. F., BABA, V. Y. et al. (2018). Genetic diversity, population
structure and genetic parameters of fruit traits in Capsicum chinense. In: Scientia Horticulturae, vol. 236, pp. 1-9.

34.NELSON, E.K., DAWSON, L.E. (1923). The constitution of capsaicin, the pungent principle of Capsicum.
III. In: Journal of the American Chemical Society, vol. 45, pp. 2179-2181.

1. QIN, C., YU, C., SHEN, Y., FANG, X., CHEN, L., MIN, J., CHENG, J., ZHAO, S., XU, M. et al. (2014).
Whole-genome sequencing of cultivated and wild peppers provides insights into Capsicum domestication and
specialization. In: Proceedings of the National Academy of Sciences of the USA, vol. 111, pp. 5135-5140.

2. REDDY, UK., ALMEIDA, A., ABBURI, V. L., ALAPARTHI, S. B., UNSELT, D., HANKINS, G., PARK,
M., CHOI, D., NIMMAKAYALA, P. (2014). Identification of Gene-Specific Polymorphisms and Association with
Capsaicin Pathway Metabolites in Capsicum annuum L. collections. In: PLoS One, vol. 9, €86393. https://doi.
org/10.1371/journal.pone.0086393

3. SANCHEZ-SEGURA, L., TELLEZ-MEDINA, D. 1., EVANGELISTA-LOZANO, S., GARCIA-ARMEN-
TA, E. et al. (2015). Morpho-structural description of epidermal tissues related to pungency of Capsicum species.
In: Journal of Food Engineering, vol. 152, pp. 95-104.

4. SCOVILLE, W. L. (1912). Note on capsicums. In: The Journal of the American Pharmaceutical Association,
vol. 1, pp. 453-454.

5. SOUSA, E. T., De M. RODRIGUES, F., MARTINS, C. C. et al. (2006). Multivariate optimization and
HS-SPME/GC-MS analysis of VOCs in red, yellow and purple varieties of Capsicum chinense sp. peppers. In:
Microchemical Journal, vol. 82, pp. 142-149.

6. STELLARI, G.M., MAZOUREK, M., JAHN, M. M. (2010). Contrasting modes for loss of pungency be-
tween cultivated and wild species of Capsicum. In: Heredity, vol. 104, pp. 460-471.

7. STEWART, C., JR., MAZOUREK, M., STELLARI, G. M., O’CONNELL, M., JAHN, M. (2007). Genetic
control of pungency in C. chinense via the Punl locus. In: Journal of Experimental Botany, vol. 58, pp. 979-991.

8. STEWART, C., KANG, B.-C,, LIU, K., MAZOUREK, M. et al. (2005). The Punl gene for pungency in
pepper encodes a putative acyltransferase. In: The Plant Journal, vol. 42, pp. 675-688.

9. SUGITA, T., KINOSHITA, T., KAWANO, T., YUJI, K., YAMAGUCH]I, K. et al. (2005). Rapid Construc-
tion of a Linkage Map using High-efficiency Genome Scanning/AFLP and RAPD, Based on an Intraspecific,
Doubled-haploid Population of Capsicum annuum. In: Breeding Science, vol. 55, pp. 287-295.

10. SUZUKI, T., FUIIWAKE, H., IWAI K. (1980). Intracellular localization of capsaicin and its analogues,
capsaicinoid, in Capsicum fruit 1. Microscopic investigation of the structure of the placenta of Capsicum annuum
var. annuum cv. Karayatsubusal. In: Plant and Cell Physiology vol. 21, pp. 839-853.

11. TANAKA, Y., YONEDA, H., HOSOKAWA, M., MIWA, T., YAZAWA, S. (2014). Application of marker-
assisted selection in breeding of a new fresh pepper cultivar (Capsicum annuum) containing capsinoids, low-
pungent capsaicinoid analogs. In: Scientia Horticulturae, vol. 165, pp. 242-245.

12. TANKSLEY, S. D., BERNATZKY, R., LAPITAN, N. L., PRINCE, J. P. (1988). Conservation of gene rep-
ertoire but not gene order in pepper and tomato. In: Proceedings of the National Academy of Sciences of the USA,
vol. 85, pp. 6419-6423. ISSN 0027-8424

13. THRESH, J. C. (1876). Isolation of capsaicin. In: The Pharmaceutical Journal and Transactions, vol. 6, pp. 941-947.

14. TSABALLA, A., GANOPOULOS, I., TIMPLALEXI, A., ALIKI, X., BOSMALLI I, IRINI, N.-O., ATHA-
NASIOS, T., MADESIS, P. (2015). Molecular characterization of Greek pepper (Capsicum annuum L) landraces
with neutral (ISSR) and gene-based (SCoT and EST-SSR) molecular markers. In: Biochemical Systematics and
Ecology, vol. 59, pp. 256-263.

15. ZHANG, X.-m., ZHANG, Z.-h., GU, X.-z., MAO, S.-1., Li, X.-x., CHADEUF, J., PALLOIX, A., WANG,
L.-h., ZHANG, B.-x. (2016). Genetic diversity of pepper (Capsicum spp.) germplasm resources in China reflects
selection for cultivar types and spatial distribution. In: Journal of Integrative Agriculture, vol. 15, pp. 1991-2001.

Data prezentarii articolului: 15.09. 2018
Data acceptarii articolului: 25.10.2018



