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ABSTRACT 

Capsicum is a genetically diverse eudicot, diploid, and self-pollinating plant that grows well in 
slightly warmer environments. This paper critically reviews capsicum biology, horticultural 
characteristics, genetic diversity, ploidy levels, chromosome structure, genome organisation 
and phylogenetic relationships. The related literature presented in this paper was obtained from 
scientific sites and journals available in resources such as NCBI, ScienceDirect, SAGE 
journals, Google Scholar, ResearchGate and many more. Using Molecular Evolutionary 
Genetics Analysis (MEGA 11) 22 NADH dehydrogenase sequences were extracted from NCBI 
and then aligned. The findings discuss that capsicum has a chromosome number 2n=2x=24. In 
contrast, wild species are known to have a ploidy level of 2n=2x=26. The capsicum genome is 
estimated to be between 1498cM and 2268cM. Hot peppers’ genomic sequencing data revealed 
37.989 scaffolds with an estimated size of 3.48Gb, 34771 in tomatoes, and 39031 genes in 
potatoes. Based on the capsicum phylogenetic relationship, 22 species of capsicum were 
rooted. The information discussed in this study is indispensable in Capsicum frontier research, 
breeding, development, management and utilization of this economically important and highly 
regarded crop worldwide. 
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INTRODUCTION 

 Over the past centuries, Capsicum species have been used for household, agrarian, 
medical, and industrial issues. Even if this could be the case, there have not been many 
scientific investigations on this genus. Five domesticated Capsicum species have been the 
subject of the majority of studies even though there are still several others that have not 
yet been researched. Due to a lack of data such as genetic sequences, alignments are difficult 
to construct but not impossible. To the field of Bioinformatics: The information discussed in 
this chapter can also be used in Capsicum frontier research, breeding, development, 
management, and utilization of this economically important and highly regarded crop 
worldwide. To the field of medicine and pharmaceutical industries: the research carries 
significant implications for the medicine and pharmaceutical industries, as they shed light on 
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the potential applications of capsicum in developing new drugs and treatments for various 
health conditions. To future researchers: Future research can use this data to properly match 
the sequences of different Capsicum species. To Biology students and teachers: The knowledge 
presented in this study is useful for the biological discipline as a reference for related research. 
How can the alignment of domestic and wild species of peppers reveal the genetics and 
genomics of capsicum species? To analyze published literature on Capsicum’s ploidy levels; 
To analyze the published literatures on Capsicum’s chromosome structures; To analyze the 
published literature on Capsicum’s genome organization and To determine the phylogenetic 
relationships of Capsicum’s NADH dehydrogenase. The related literature presented in this 
paper where obtained from scientific sites and journals available in resources such as NCBI, 
ScienceDirect, SAGE journals, Google Scholar, ResearchGate and many more. Using 
Molecular Evolutionary Genetics Analysis (MEGA 11) 22 NADH dehydrogenase sequences 
were extracted from NCBI and then aligned. It is estimated that the genomes of domestic and 
wild varieties of capsicum are almost identical. The genome sequencing data of hot peppers is 
similar to those of other plant species. 

LITERATURE REVIEW 

Invasive species compendium (2022) states the following, Capsicum annum grows to 
a height of 0.5-1.5 m, is heavily branched, and has extremely strong taproots. The stem is 
normally green to brown-green in color, with purple patches near the node on occasion. The 
leaf design is alternate, basic, and highly changeable, with petioles up to 10cm long. The leaf 
blades can be up to 10^(-16) cm x 5^(-8) cm in size. The apex is acuminate, and the edge is 
whole, pale dark green, and subglabrous. The flowers are arranged singly, and the pedicel is 
around 4 cm long when in bloom. The fruits may grow up to 8 cm in length. The calyx is cup-
shaped, persistent and enlarging in fruit, usually with 5 conspicuous teeth; corolla campanulate 
to rotate with five to seven lobes, 8-15 mm in diameter, usually color white. It can develop five 
to seven stamens with pale blue to purplish anthers. The ovary is 2(-4) locular, style fifliform, 
and has a white or purplish, stigma capitate. Fruit is a non-pulpy berry, which is variable in its 
size, shape, color, and degree of pungency. It may be more or less conical, up to 30cm long, 
green, yellow, cream, or purplish, when it is not yet fully developed. But when it is matured it 
becomes red, orange, yellow or brow. The seeds are orbicular and flattened, about 3-4.5 mm 
in diameter, 1 mm thick and the color is pale yellow. The plant is considered an annual, 
herbaceous, perennial, seed propagated, shrub, and climber. 

Currently, the number of Capsicum cultivars and taxonomic varieties worldwide is 
around fifty thousand (Basu & De, 2003; Jarret, 2008). In the genus Capsicum, there are five 
domesticated species and around 25 identified species according to Aguilar-Melendez et al. 
(2009), while Tripodi & Kumar (2019) mentioned that over 30 species make up the genus 
Capsicum. Morphological characteristics to differentiate the five Capsicum taxa (C. annum, 

C.baccatum, C. chinense, C frutescens, and C. pubescens) include bloom and seed color, calyx 
form, number of flowers per node, and flower orientation (Basu & De, 2003; Hawkes et al., 
1979 ; Aguilar-Melendez et al., 2009) . C. annum is considered to have been domesticated from 
C.annum populations in the wild, Annum glabriusculum in Mexico, perhaps from many 
geographically distinct wild populations (Aguilar-Melendez et al., 2009).  
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Fruit form has been examined extensively in the Solanaceae family, including tomato, 
pepper, and eggplant (Taher et al., 2017 ; Passam & Karapanos, 2016; Doganlar et al., 2002 ). 
On chromosomes 2, 3, 7, 8, and 10, (Taher et al., 2017 ; Zygier et al., 2005 ; Hurtado et al., 
2013; Brewer et al., 2006 ; Barchi et al., 2021 ; Nunome et al., 2001 ; Knapp, 2002 ; García-
González & Silvar, 2020) . Allelic variation in the Sun, Ovate, Fascinated (FAS), and Locule 
Number (LC) genes determine the form of the tomato fruit (Rodríguez et al., 2011).  

Multiple QTLs for fruit length, width, and the fruit shape ratio (length: width) have 
been discovered on chromosomes 1- 4, 8, 10, and 11, according to (Zygier et al., 2005 ; Knapp, 
2002 ; Chaim et al., 2006 ; (Chaim et al., 2006). Chaim linked two key fruit QTLs, fs 3.1 
(fruitshape) and fe 10.1 (fruit elongation), to chromosome 3 and 10, respectively, in a BC4F2 
population segregating for fruit-shaped (Knapp, 2002). These QTLs accounted 67 and 44% of 
the variance in fruit form and elongation found in the population, respectively (Knapp, 2002). 
Fruit trait inheritance in connection to pericarp form, colour thickness, and total soluble solids 
was investigated by (Vilarinho et al., 2015). The round form characteristic was governed by a 
single gene based on segregation ratios and found five QTLs contributing to fruit form and one 
QTL for pericarp thickness on chromosomes 1, 2, 4, 10, and 3, respectively, explaining 4 to 
26% of the diversity in the serrano by jalapeno recombinant inbred line F8 population (Chaim 
et al., 2006). The expression of a gene that resembled the tomato gene Ovate and discovered 
substantial variations between round and elongated pepper cultivars was compared by 
(Adhikari et al., 2020), and carried out a study on five domesticated species by (Moulin et al., 
2015).  

METHODS 

Data Collection 

The related literature presented in this paper where obtained from scientific sites and 
journals available in resources such as NCBI, ScienceDirect, SAGE journals, Google Scholar, 
ResearchGate, and many more. 

Phylogenetic Analysis 

Using Molecular Evolutionary Genetics Analysis (MEGA 11), 22 NADH 
dehydrogenase sequences were extracted from NCBI and then aligned. Thereafter, a 
phylogenetic tree was created, which then produced clusters and branches based on their 
relatedness. According to Misawa & Tajima, (2000), on the basis of Klastorin’s technique, a 
new straightforward method for categorizing genes is suggested. With the help of evolutionary 
changes, this technique divides genes into monophyletic groupings that are different from one 
another. As long as the phylogenetic tree of the genes is produced, the approach is usable. 
Bootstrap was applied to show the percentage of relatedness among the branches.  

RESULTS AND DISCUSSION 

Capsicum is a well-diverse shrub commonly grown annual in different parts of the 
world. It is genetically diverse, with numerous cultivars and taxonomic derivatives. Capsicum 

species are diploids with most having 24 chromosomes (n=x=12), but several wild species have 
26 chromosomes (n=x=13). The majority of Capsicum species have 24 chromosomes 
(n=x=12), however, many wild species have 26 chromosomes (n=x=13). Variances in the form, 
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size, and number of chromosomes are prevalent in populations of the same species or 
interspecific taxa, and these differences are categorized into cytotypes or chromosomal races. 
Researchers confirmed that such variations are common in the Capsicum genus, whose 
cytotypes differ mostly in karyotypic formula and chromosomal size. Secondary constrictions 
were found in the homologous pairs 1 and 12 and 6 and 11 of the frutescens accessions 
respectively. Genome sequence information of hot pepper revealed 37,989 scaffolds with an 
estimated size of 3.48 Gb. These protein-coding genes of Capsicum were relatively the same 
as other Solanaceae species – tomato (34,771 genes) and potato (39,031 genes). The genetic 
maps of tomato and pepper are nearly comparable in length, with 1275 cM in tomato and 1246 
cM in pepper (Livingstone et al., 1999). The total length of the chili pepper genome has been 
estimated to be between 1498 cM and 2268 cM, which is approximately two to three times 
larger than the tomato genome. Phylogenetic analysis using Unweighted Pair Group Method 
with Arithmetic Mean (UPGMA) computed the Maximum Composite Likelihood with 1000 
bootstrap replications revealed that the C. ciliatum, C. lanceolatum, C. lycianthoides, and C. 

geminifolium grouped together. More so, C. minutiflorum and C. ceratocalyx were strongly 
clustered together, the same with C. chinensis and C. frutescens. C. pubescens, C. 

galapagoence, C. chacoense, and C. cardenasi formed a cluster adjacent to C. annuum on top 
and C. baccatum species below. Other Capsicum species like C. eximium, C. coccineum, C. 

flexuosum, and C. hunzikerianum had distinct branches and separated from other Capsicum 
taxa. 

Genetic diversity is crucial for Capsicum development and management. This will 
enable the Capsicum populations to adapt to ever-changing environments, a resource of 
valuable alleles and genes in the population, and contribute to ecosystem diversity (Reed & 
Frankham, 2003; Leimu et al., 2006).  Studies have shown that genetic diversity was correlated 
with average fitness across populations (Reed & Frankham, 2003; Leimu et al., 2006). 
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Figure 1. Cultivars of C.annum L. (Adopted Slovakia et al., 2021) Cultivars of 

Capsicum annuum L.: 1 – Black Cobra, 2 –Kilian, 3 – Pepperoncini Greek, 4 – Tabasco, 5 – 

Jalapeno, 6 –Black Prince, 7 – Chocho, 8 – Medusa, 9 – Habanero Red (Slovakia et al., 
2021) 

 

 

 

 

 

 

Figure 2. The cultivars of Capsicum baccatum L. (Adopted Slovakia et al., 2021) 

Cultivars of Capsicum baccatum L.: 1 – Escabeche, 2 – Bishops Crown Red, 3 – Aji Fantasy 

Sparkly White, 4 – Aji Amarillo, 5 – Puerto Rican, 6 – El Oro de Ecuador, 7 – Habanero Red 

Savina (Slovakia et al., 2021) 
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Figure 3. The cultivars of Capsicum chinense Jacq. (Adopted Slovakia et al., 2021 

Cultivars of Capsicum chinense Jacq.: 1 – Aji Charapita, 2 – Habanero Peach, 3 – Trinidad 

Scorpion Peach, 4 – Jolokia White, 5 – Fidalgo Roxa, 6 – Habanero Chocolate, 7 – Fatalii 

Red, 8 – Peter Orange, 9 – Red Mushroom, 10 – Citron, 11 – Pimenta de Neyd (Slovakia et 
al., 2021) 

For phylogenetic relationships of Capsicums, 22 Nicotinamide Adenine Dinucleotide 
Dehydrogenase (NADH dehydrogenase) DNA based sequences from 19 different species were 
obtained from NCBI. NADH dehydrogenase is a flavoprotein-containing oxidoreductase that 
catalyzes the conversion of NADH to NAD. The enzyme may be found in eukaryotes as a part 
of the mitochondrial electron transport complex I and in transferring electrons from 
photoproduced stromal reductants like NADPH and ferredoxin to the intersystem 
plastoquinone pool. NADH dehydrogenase is the primary enzyme complex in the electron 
transport chain in mitochondria. Nicotinamide adenine dinucleotide (NAD) is transformed 
from its reduced form, NADH, to its oxidized form, NAD+ (Ifuku et al., 2011). The 
phylogenetic study on the waxy gene (Rodríguez et al., 2011) indicated that C. chinense and 

C. frutescens were grouped together. More so, a study on the trnC-rpoB intron, trnH-psbA 
intron, and waxy gene sequence data from seven Capsicum spp. also revealed that C. chinense, 

C. annuum, and C. frutescens grouped in the same cluster (Carrizo García et al., 2016). The 
above grouping supported our Capsicum’s phylogenetic analysis based on NADH 
Dehydrogenase (Figure 4). Capsicum hunzikerianum was the outgroup in this phylogenetic 
tree. These grouping where considered based on the bootstrap values above 50 percent. Before 
analysis, portions of the alignment with gaps in at least 50% of the taxa were eliminated from 
the data set (these regions were almost universally phylogenetically uninformative). 
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Figure 4. Phylogenetic relationships (UPGMA) of 22 sequences of Capsicum based 

on NADH dehydrogenase. 

CONCLUSION, IMPLICATION, SUGGESTION AND LIMITATIONS  

Capsicum is a well-diverse shrub commonly grown annual in different parts of the 
world. It is enetically diverse, with numerous cultivars and taxonomic derivatives. It has a 
widely described chromosome number of 2n = 24; however, some wild Capsicum species, such 
as C.buforum, C. capylopodiume, and C. capylopodiume have a ploidy level of 2n = 26. 
Capsicum had a relatively similar genomic content with tomato, as evidenced by the presence 
of pepper sequences complementary to many tomato cDNAs. However, the pepper genome 
had been significantly rearranged compared with the tomato genome. To date, important 
Capsicum gene sequences are available in the GenBank for future research on improving the 
yield, biotic, and abiotic traits of Capsicum. This comprehensive review of Capsicum genetics 
and genomics is essential in understanding the biology of Capsicum towards improving its 
horticultural traits and nutritional and medicinal values. 

Based on this study, more research on this genus is vital for further studies to take place. 
Given the widespread usage of these plants, it would be of utmost significance for scientists to 
thoroughly examine the genetics of as many species as possible, and cultivars. Further studies 
about the genetics and genomics of Capsicum are highly recommended as they the findings 
would be essential to the improvement of this genus and its applications. No map of Capsicum 
has yet been developed thus thoroughly defining and saturating the pepper chromosomes is 
highly needed. 
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