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INTRODUCTION

Due to the great existing genetic diversity in chili, to the scattering 
and domestication process in different countries (Hernández-
Verdugo et al., 1999), in different ecological environments and for 
multiple uses, currently there is a lot of morphotypes and subtypes 
of chili. An example is the case of Edward Long, who in 1774 
described 15 types of chili of Capsicum chinense Jacq. he found in 
the Caribbean, being the most common ‘Goat’, ‘Bonnett’, ‘Bird’, 
‘Olive’, ‘Hen’, ‘Barbary’, ‘Finger’ and ‘Cherry’ (Long, 2009). 
Cases like the one mentioned above can cause confusion since it 
is likely that the same type of chili can receive different names.
 In Mexico, chilis of the ‘Ancho’ type are the second most 
important of the genus Capsicum, because of both the economic 
resources they generate (SIAP-SAGARPA, 2012) and their use 
in the preparation of traditional dishes, the reason it is highly 
demanded. Ancho chilis are some of the many morphotypes of 
the species Capsicum annuum L. var. annuum found in Mexico. 
Six sub-types are known as ancho-type chilis. ‘Mulato’, which 
measure approximately 18 × 8 cm, is brown when ripe and have 
triangular shape. ‘Ancho’ chilis are also triangular measuring 12 
× 6.5 cm approximately, and are red when ripe. The sub-type of 
‘Cristalino’ chilis measure 12 × 6 cm, are triangular and during its 
process of maturation goes from lime green to yellow, to orange 
and finally to red. ‘Huacle’ chilis measure 10 × 8 cm approximately, 
are black when ripe and have a trapezoidal shape. This sub-type is 
grown only in the state of Oaxaca. ‘Miahuateco’ chilis measure 13 
× 3 cm and ripen to dark brown; they are native only to the state of 
Puebla. ‘‘Dulce’’, or sweet, chilis belong to the state of Yucatán; 
they measure 7 × 7 cm, are red when ripe and are kidney shaped. 
This set of ancho-type chilis can be found in at least nine states 
of Mexico (Aguilar et al., 2010). Despite their importance, there 
are no studies on the genetic diversity of this set of ancho chilis 
native to Mexico. This knowledge would enable the development 
of schemes for conservation, breeding and use of this resource.
 Molecular markers are a reliable tool for quantification of 
genetic diversity since they are not affected by the environment 
and are highly reproducible (Laurentin, 2009). The microsatellite 
markers, or Simple Sequence Repeats (SSR) markers, have boomed 
in recent years; they are highly variable, are co-dominant, found 
throughout the genome and are highly polymorphic (Varshney et 
al., 2005). They can better differentiate related materials (Pejic et 
al., 1998) and they are thus ideal for detecting differences within 
and among species, as well as for determining paternity (Farooq 
and Azam, 2002). For these reasons, SSR markers have been used 
to map the genomes of a large number of species, to quantify 
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genetic diversity, to assist selection through markers, and to 
differentiate varieties and genetic fingerprint (Varshney et 
al., 2005). Thousands of microsatellite markers have been 
developed to map the genome of the genus Capsicum (Lee 
et al., 2004; Minamiyama et al., 2006; Yi et al., 2006; Nagy 
et al., 2007; Portis et al., 2007; Wu et al., 2009; Mimura et 
al., 2012; Sugita et al., 2013; Ahn et al., 2014). Identification 
of these SSR markers has also served for quantification of 
genetic diversity in C. annuum (Hanáček et al., 2009), C. 
frutescens L. (Rodrigues and Tam, 2010), C. chinense  
(Moses et al., 2014) and for interspecific analyses (Stágel et 
al., 2009; Ince et al., 2010; Yumnam et al., 2012; Rai et al., 
2013). All of these studies found that the genus Capsicum is 
highly polymorphic, especially in native populations. Studies 
on different chili species have confirmed the usefulness of the 
SSR markers in differentiating Capsicum genetic materials.
 In Mexico, also, studies with microsatellites have been 
conducted to analyzed genetic diversity of chili types. 
González-Jara et al. (2011) tested 10 SSR in 27 populations 
of ‘chiltepin’ (C. annuum L. var. glabriusculum (Dunal) 
Heiser & Pickersgill), and Pacheco-Olvera et al. (2012) 
used 14 SSR loci to compare 22 populations of C. annuum 
with different genetic base. Also, Contreras et al. (2011) 
examined genetic diversity of ‘Mulato’ chili (C. annuum var. 
annuum) populations from Puebla with 19 SSR markers. 
In recent years, progress has been observed in the study of 
genetic diversity of the species of the genus Capsicum with 
the use of microsatellites. However, there are still many 
types of chilis to be examined, especially in Mexico, which 
is considered the center of origin and genetic diversity of C. 
annuum (Pickersgill, 2007). For this reason, the objective of 
this study was to characterize the genetic diversity of a set of 
native ‘Ancho’ type chili populations using SSR molecular 
markers and to identify the genetic relationships among the 
studied populations.

MATERIALS AND METHODS

Plant material and DNA extraction

We studied 38 native populations (core collection) of ancho 
chili: eleven of ‘Mulato’ collected in Mexican states of 
Guanajuato (19°54’ to 21°50’ N and 99°41’ to 102°04’ W), 
Zacatecas (21°12’ to 25°13’ N and 101°11’ to 104°27’ W), 
Durango (22°24’ to 26°58’ N and 102°52’ to 106°39’ W), 
San Luis Potosí (21°08’ to 24°93’ N and 98°18’ to 102°16’ 
W) and Puebla (17°52’ to 20°35’ N and 96°44’ to 99°00’ W), 
17 of ancho collected in Guanajuato, Zacatecas, Durango and 
San Luis Potosí, four of ‘Cristalino’ collected in Guanajuato 
and Durango, two of ‘Miahuateco’ collected in Puebla, one 
of ‘Huacle’ collected in Oaxaca (15°38’ to 18°42’ N and 
96°41’ to 98°36’ W), one of ‘Chilaca’ collected in Oaxaca, 
and three sweet collected in Yucatán (19°34’ to 21°36’ N 
and 87°33’ to 90°32’ W). In order to establish phylogenetic 
relationships a population of ‘Piquin’ chili (Capsicum 
annuum L. var. glabriusculum (Dunal) Heiser & Pickersgill) 

was included to be used as an external group, since it is 
considered ancestor of the species C. annuum L. (Votava et 
al., 2002; Aguilar-Meléndez et al., 2009). Also a collection 
of ‘Guajillo’ and one of ‘Chilaca’ were included as types 
different from anchos, and the commercial hybrids Capulin 
(‘Ancho’ ‘Mulato’), Abedul (red ancho) (HM.CLAUSE, 
Davis, California, USA), and a commercial hybrid of green 
pepper (‘Happy Flower’). The green pepper was included to 
determine whether it is genetically close to the sweet peppers 
of Yucatán. Total genomic DNA was extracted from 10 
seedlings per population 15 d after sowing using an extraction 
robot KingFisher Flex (Thermo Fisher Scientific, Waltham, 
Massachusetts, USA) and the ChargeSwitch gDNA Plant Kit 
(Invitrogen Corporation, Carlsbad, California, USA).

Microsatellite loci amplification and 
fragment analysis

Twenty-four microsatellite loci were selected from the study 
of Lee et al. (2004) and Contreras et al. (2011) and marked 
with fluorescent labels 6-FAM or HEX (Applied Biosystems, 
Foster City, California, USA) at the 5’ tip (Table 1) to enable 
detection with capillary electrophoresis. To a final volume 
of 25 μL, 10 pM of each primer, 0.2 mM nucleotides, 1X 
buffer, 3 mM MgCl2, one DNA Taq polymerase unit and 40 
ng DNA template was added. In the thermocycler GeneAmp 
PCR System 9700 (Applied Biosystems), multiple and single 
PCR fragments were amplified; fragments were obtained by 
denaturalization, initially for 4 min at 94 °C, then 30 or 35 
cycles of 1 min at 94 °C, 1 min at 53-64 °C and 2 min at 72 
°C. The final extension was 12 min at 72 °C. Information 
about aligning temperatures and the cycles used for eight 
multiple PCR groups, as well as two single amplifications 
are shown in Table 1. The PCR products were separated by 
capillary electrophoresis in the ABI3130 sequencer (Applied 
Biosystems). In a reaction mixture, 2 µL PCR product and 
0.25 µL of GeneScan -500 LIZ Size Standard (molecular 
weight marker, Applied Biosystems) and 7.75 µL of Hi-
Di formamide (Applied Biosystems) were added. During 
the runs, a voltage of 1500 V was maintained at 60 °C for 
15 min; injection time was 16 or 32 s. As support for the 
separation, a G5 filter set and the polymer POP-7 were 
used, and for detection of the fluorophores FAM, HEX and 
size standard LIZ, the DS-33 Dye Primer Matrix Standard 
Set were used. The runs obtained were analyzed with the 
software GeneMapper version 4.0 (Applied Biosystems, 
2005) for the detection of alleles and their sizes (base pairs).

Statistical analysis

Based on the register of the different alleles found in 44 
materials, allele frequencies by group (more than two 
population of the same chili sub-type) and single (a single 
population of a sub-type under study) were obtained  using 
the software POPGENE version 1.31 (Yeh et al., 1999). 
The number of alleles per locus, number and percentage 
of polymorphic loci, polymorphic information content 
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(PIC) (Nei et al., 1983), expected heterozygosity (He) (Nei, 
1973), and Wright F statistics (Wright, 1965) were also 
recorded. With the matrix of correlations generated by allele 
frequencies, an analysis of principal components (APC) was 
performed with the SAS software version 9.3 (SAS Institute, 
Cary, North Carolina, USA), and a cluster analysis using 
Rogers genetic distances modified by Wright (1978) and the 
Neighbor Joining cluster method (Saitou and Nei, 1987) in 
the software NTSYS version 2.21 (Rohlf, 2009).

RESULTS AND DISCUSSION

Population genetic diversity

In the 44 genetic materials studied, 220 alleles were 
detected, with an average of 9.2 alleles per locus; 23 loci 
were polymorphic and only the locus Hpms AT2-14 was not. 
The loci Hpms2-21, Hpms1-214, and Hpms1-5 were those 
that exhibited the most polymorphism for native Mexican 
ancho chilis, with 16, 14 and 13 alleles found. The allelic 
information showed that the ‘Mulato’ and ancho types had 
21 and 20 polymorphic loci on average (Table 2), while 
‘Piquin’, commercial green pepper and ‘Cristalino’ chilis 
had 18 polymorphic loci. The genetic diversity in native 
populations of ancho chilis analyzed with microsatellites 
is broad. In similar studies, such as Contreras et al. (2011), 
fewer alleles were found (105 for 19 loci in populations of 

‘Mulato’ chilis from Puebla, Mexico), likely because they 
studied only one sub-type of ancho chili. In studies among 
species of the genus Capsicum, a larger number of alleles has 
been found. For example, Ibiza et al. (2012) found an average 
of 14.5 alleles with 10 microsatellites for a total of 270 
populations. In wild chilis (C. annuum var. glabriusculum), 
González-Jara et al. (2011) found greater variation, with 27 
alleles per locus. In contrast, with commercial varieties the 
number of alleles is very low (Kwon et al., 2005), because 
of their narrow genetic base. Likewise, Aktas et al. (2009) 
found very few alleles in cultivars introduced into Turkey.
 Expected heterozygosity was within a range of 0.36 to 
0.59. ‘Mulato’ and ancho chilis were those that showed more 
likelihood of finding heterozygotes in their populations, 
while the lowest values were found in the hybrid chilis (0.36 
and 0.38) and the green pepper variety (0.37), and thus the 
greatest homozygosis occurs in these hybrids. In general, 
smaller genetic diversity have been reported for native and 
wild chili populations than for other crops such as maize 
(Zea mays L.), whose genetic diversity is far greater (Sa 
et al., 2010; Warburton et al., 2011). Pacheco-Olvera et 
al. (2012) reported expected heterozygosity in C. annuum 
of 0.47 for wild populations and 0.42 for native Mexican 
chili populations. Moreover, Nicolaï et al. (2013) found 
heterozygosity of 0.59 in native C. annuum populations and 
0.78 in C. annuum var. glabriusculum.
 In Mexican ancho chili populations, exclusive alleles 
were also found in 17 of 24 loci analyzed, 30% of the total 

1 Hpms1-106 (AAAAAT)4 tccaaactacaagcctgcctaacc/ttttgcattattgagtcccacagc HEX 150-163 53-35 0.14 6
 Hpms2-2 (GT)9 gcaaggatgcttagttgggtgtc/tcccaaaattaccttgcagcac 6-FAM 136-151  0.90 8

2 AF039662 T26IMP
†† ccccctcgtctctctttattt/ttgcaaatcttttgtcaattttt 6-FAM 111-130 56-30 0.78 8

 CM0005 (CCA)8 catgaccaccatgaggata/gatagccacgagcatagtatt 6-FAM 153-160  0.07 5
 Hpms1-1 (CA)12(TA)4 tcaacccaatattaaggtcacttcc/ccaggcggggattgtagatg 6-FAM 258-287  0.91 12
 Hpms1-274 (GTT)7 tcccagacccctcgtgatag/tcctgctccttccacaactg HEX 164-179  0.90 7

3 Hpms1-62 (TG)23(AG)9 catgaggtctcgcatgatttcac/ggagaaggaccatgtactgcagag 6-FAM 185-210 54-30 0.48 9
 AF244121 (TTG)5IMP(AT)6IMP(GT)3IMP tacctcctcgccaatccttctg/ttgaaagttctttccatgacaacc 6-FAM 221-248  0.93 12
 Hpms1-148 (GA)14 ggcggagaagaactagacgattagc/ccacccaatccacatagacg HEX 183-195  1.00 7
 HpmsCaSIG19 (CT)6(AT)8(GTAT)5 catgaatttcgtcttgaaggtccc/aagggtgtatcgtacgcagcctta HEX 217-229  0.19 10

4 CAN010950 (TA)9 gattttggtggcagaagaattgg/tgcactttcgaagcaaacaaacc 6-FAM 245-276 56-30 0.14 5
 Hpms2-13 (AC)12(AT)4 tcacctcataagggcttatcaatc/tccttaaccttacgaaaccttgg HEX 219-259  0.28 11

5 Hpms1-5 (AT)11(GT)17 ccaaacgaaccgatgaacactc/gacaatgttgaaaaaggtggaagac 6-FAM 297-318 62.5-30 0.21 13
 Hpms1-168 (TA)17(GA)12 gccccgatcaatgaatttcaac/tgatttttgggtggagagaaaacc HEX 159-178  0.82 10
 Hpms1-172 (GA)15 gggtttgcatgatctaagcatttt/cgctggaatgcattgtcaaaga HEX 336-346  0.83 10

6 Hpms1-214 (GTTT)2(TTG)9 tgcgagtaccgagttctttctag/ggcagtcctgggacaactcg 6-FAM 81-107 59.5-30 0.77 14
 HpmsAT2-14 (AAT)16IMP tttagggtttccaactcttcttcc/ctaaccccaccaagcaaaacac 6-FAM 176  0.00 1
 Hpms1-6 (AT)2(GT)4(AT)8(GT)13 tccataacttcacccatgagtatga/gcaacacccacattcccttctc HEX 180-200  0.10 10   

7 Hpms1-173 (GA)16(TG)2 tgctgggaaagatctcaaaagg/atcaaggaagcaaaccaatgc HEX 157-169 53-30 0.09 8
 Hpms1-143 (AG)12 aatgctgagctggcaaggaaag/tgaaggcagtaggtggggagtg 6-FAM 216-239  0.21 12

8 Hpms1-111 (AAT)11 aagcttatccctttcaaatataa/atatctcacgtattgcggattctt HEX 145-166 56-30 0.40 9
 Hpms2-24 (CT)17(CA)5A21 tcgtattggcttgtgatttaccg/ttgaatcgaatacccgcaggag 6-FAM 183-204  0.24 12

 Hpms2-21 (AT)11(AC)9(ATAC)10 tttttcaattgatgcatgaccgata/catgtcattttgtcattgatttgg HEX 264-305 64-30 0.45 16
 CAN130829 T16 gctaattacttgctccgttttg/aatgggggagtttgttttgg 6-FAM 182-186 64-30 0.99 5

Table 1. Description of microsatellite loci, multiple and single PCR alignment conditions, polymorphic information content (PIC) of 
the loci, and number of alleles in the molecular characterization of native ancho chili populations of Mexico. 

Group Locus

†FL: Fluorescent label; FS: fragment size; Tm: alignment temperature; NA: number of alleles; ††IMP: imperfect repetition.

Repeated unit FS (pb)Initiators (5’-3’/3’-5’)
Tm 

(ºC)-cycles NAFL† PIC



21CHILEAN JOURNAL OF AGRICULTURAL RESEARCH 76(1) JANUARY-MARCH 2016CHILEAN JOURNAL OF AGRICULTURAL RESEARCH 76(1) JANUARY-MARCH 2016

number of alleles found (Table 3). The populations of sweet 
peppers of Yucatán were those that had the highest number 
of these alleles. ‘Mulato’ chilis also had a high number of 
exclusive alleles in these populations, mainly those chilis 
collected in Puebla, with seven exclusive alleles for five 
populations. In contrast, the populations of ‘Guajillo’ and 
the ‘Cristalino’ chilis in this study had no exclusive alleles; it 
is possible that with a larger number of studied populations 
exclusive alleles might be found since there are many native 
populations of these chilis in Mexico. Furthermore, in the 

populations of ancho chili and their controls, there were 
eight alleles that were common to all the accessions: C-184 
pb, D-185 pb (CAN130829), D-171 pb (Hpms 1-168), A-111 
pb (AF039662), E-176 pb (Hpms1-274), E-148 pb (Hpms2-
2), H-196 pb (Hpms1-6), and C-260 pb (CAN010950).
 The broad genetic diversity in ancho chili populations 
may be explained by cross-pollination degree of species; 
levels of up to 90% have been reported (Pickersgill, 1997; 
Djian-Caporalino et al., 2006). This is the reason for the 
abundance of polymorphism. Exclusive alleles were also 

Groups ‘Mulato’ 11 21 87.5 151 6.3 2.8 0.59 0.22
 ‘Ancho’ 17 20 83.3 153 6.4 3.1 0.54 0.24
 ‘Cristalino’ 4 18 75.0 92 3.8 1.9 0.45 0.27
 ‘Miahuateco’ 2 19 79.2 70 2.9 1.6 0.43 0.24
 Sweet 3 19 79.2 71 3.0 1.3 0.48 0.21

Individuals ‘Huacle’ 1 19 79.2 63 2.6 1.5 0.45 0.26
 ‘Chilaca’ 1 21 87.5 69 2.9 1.3 0.48 0.24
 ‘Piquin’ 1 18 75.0 57 2.5 1.3 0.40 0.25
 ‘Guajillo’ 1 22 91.7 70 3.0 1.3 0.48 0.21
 Green pepper 1 18 75.0 56 2.3 1.3 0.37 0.26
 Hybrid ‘Mulato’ 1 18 75.0 52 2.2 1.0 0.36 0.25
 Hybrid ‘Ancho’ 1 19 79.2 53 2.2 0.9 0.38 0.23

Table 2. Allelic information of ancho chilis and their controls for 24 microsatellite loci. 
Chili type

Num. Pop: Number of populations; ANPL: average number of polymorphic loci; PPL: percent polymorphic loci; NA: number of alleles; ANA: average number 
of alleles; SD: standard deviation; He: expected heterozygosity.

Num. Pop NAANPL PPL (%) ANA He SDSD

Hpms1-106 A - 150 Sweet  Hpms1-173 A - 157 ‘Piquin’
 B - 151 Sweet   B - 159 Sweet
 C - 156 ‘Mulato’   G - 168 Ancho
 E - 160 Sweet   H - 169 Ancho

HpmsCASIG 19 A - 217 ‘Ancho’  CM005 C - 157 Sweet
 I - 227 ‘Piquin’   E - 160 Green Pepper

Hpms1-1 C - 260 ‘Mulato’  Hpms2-13 A - 221 Sweet
 D - 269 ‘Piquin’   F - 228 ‘Mulato’
 F - 273 ‘Mulato’   G - 229 ‘Mulato’
 G - 279 Sweet   I - 233 Ancho
 I - 281 Sweet   J - 234 ‘Mulato’
 L - 287 ‘Piquin’   K - 259 Sweet

CAN010950 A - 245 ‘Ancho’  Hpms1-5 A - 297 ‘Miahuateco’
 D - 266 ‘Chilaca’   B - 301 ‘Miahuateco’
 E - 276 ‘Ancho’   L - 317 Green Pepper

Hpms1-6 A - 180 ‘Mulato’  Hpms2-24 E - 187 ‘Mulato’
 B - 183 Sweet   F - 195 Ancho
 E - 186 Sweet   G - 199 ‘Chilaca’
 I - 198 Sweet   I - 201 Ancho
 J - 200 ‘Mulato’   L - 204 ‘Mulato’

Hpms1-143 A - 216 Green Pepper  Hpms1-111 A - 145 Green Pepper
 B - 218 ‘Mulato’   G - 160 ‘Mulato’
 C - 219 Sweet   H - 164 ‘Huacle’
 I - 230 Green Pepper   I - 166 ‘Huacle’
 J - 233 ‘Mulato’  Hpms1-168 A - 159 ‘Chilaca’
 K - 234 ‘Mulato’   B - 163 ‘Chilaca’
 L - 239 Sweet   I - 177 Ancho

Hpms2-2 B - 137 ‘Chilaca’  Hpms2-21 C - 283 Green Pepper

Hpms1-274 B - 167 ‘Chilaca’   G - 287 ‘Mulato’

Hpms1-148 C - 190 ‘Piquin’    

Table 3. Exclusive alleles in ancho-type chilis and controls. 
Allele - size (pb)

Ind: Individuals (A single population in the evaluation of ‘Piquin’, Green pepper, ‘Chilaca’, ‘Huacle’).

Group/IndLocus Locus Allele - size (pb) Group/Ind
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identified; these alleles differentiated the chilis of southern 
and central Mexico from those of northern Mexico, likely due 
to the geographic distance and the morphological differences 
between the sweet peppers of Yucatán and those of the center 
and north of the country; these sweet peppers have a shape 
more similar to that of green peppers, with which it shares 
more alleles. In general, analyses of genetic diversity of the 
native chili populations of Mexico have revealed a very high 
degree of variability (Oyama et al., 2006; González-Jara et 
al., 2011; Pacheco-Olvera et al., 2012). All of this genetic 
diversity found in the native and wild chili populations of 
Mexico must be protected and conserved for future studies 
and for the identification of alleles of agronomic interest. This 
diversity is largely due to the fact that Mexico is the center 
of genetic diversity of the species C. annuum (Pickersgill, 
2007), its high degree of cross-pollination (Djian-Caporalino 
et al., 2006) and the conservation and use of native species 
by Mexican farmers.

Population genetic structure

The data generated by the F statistics analysis are shown 
in Table 4. The values FIS (deviation of heterozygosity 
within each population) were negative, indicating a high 
number of heterozygotes within each population. The lowest 
values were found for the ‘Mulato’ hybrid (-0.497) and the 
green pepper variety (-0.462), while ‘Guajillo’ chili had 
-0.018. In contrast, the positive data of FIT (differentiation 
among populations) indicate that there is a higher loss of 
heterozygotes. The green pepper variety and the ‘Mulato’ 
hybrid had a lower loss of heterozygotes than the mulatos 
and anchos. According to the FST value (coefficient of general 
genetic differentiation), for the ‘Mulato’ chilis and sweet 
peppers there is wide genetic differentiation, 23%, meaning 
that 77% of the observed variation is due to genetic variation 
among individuals within each population, and only 23% is 
due to variation among populations. In contrast, the group of 
‘Cristalino’ chilis shows a moderate genetic differentiation: 
85% of their genetic variation occurs among individuals 
within each population.
 In ancho chilis, most of the genetic variation is found 
within each population, indicating that selection would be 
the best option for breeding in all of the populations, without 
neglecting the genetic variation found among populations 
of the groups of ‘Mulato’ chilis and sweet peppers in 
hybridization. This assertion is supported by data reported 
on native populations of Mexico, which reveal that genetic 

variation within each population is greater than among 
populations. For example, Pacheco-Olvera et al. (2012) 
reported 70% variation within populations of native chilis and 
60% in wild chilis in northwestern Mexico. Contreras et al. 
(2011) found 86% variation within populations of ‘Mulato’ 
chili in Puebla. Oyama et al. (2006) also indicate that there 
is greater diversity within populations of domesticated and 
wild chilis of Mexico than among populations. In contrast, 
Albrecht et al. (2012), in a study with AFLP, found that the 
variation in C. baccatum L. of Central and South America is 
greater among accessions than within them. The existence 
of high polymorphism within each population of ancho chili 
is exhibited in the large number of fruit shapes, sizes and 
coloring, as well as diverse plant heights and diameters, 
making possible the establishment of genetic improvement 
procedures.

Genetic relationships among populations 

According to the principal components (PC) analysis, 50.5% 
of the variation was explained by the first eight PC (Table 
5). Most of the alleles that are comprised in PC1 were 
determinant for separating the Yucatán population from the 
rest of the populations of this study since they are alleles that 
are generally only present in the populations of sweet peppers 
of this state: CM0005 C, Hpms1-1 G, Hpms1-1 I, Hpms1-106 
E, Hpms1-6 I, and Hpms2-13 K. The other six alleles that 
had greater influence on this component are also found more 
frequently in sweet pepper populations and very infrequently 
in other populations. The allele Hmps1-62 F, which has a total 
frequency in the sweet peppers of Yucatán, is also found at 
intermediate frequency in populations of chilis from Durango 
and San Luis Potosí. Its frequency is very low or not found in 
the populations of Puebla, Zacatecas, and Guanajuato, while 
in the two hybrids (HM01 and HA01) it is absent. 
 The allele that contributed most to PC2 (Hpms1-172 
K) was found only in the ‘Huacle’, ‘Piquin’ and ‘Chilaca’ 
chili populations. These three populations are apparently 
very closely related genetically despite their morphological 
differences: ‘Piquin’ chilis are small, round and red when 
ripe, while ‘Huacle’ chilis have a trapezoidal shape and are 
black when ripe and the ‘Chilaca’ morphotype is brown 
when ripe and is long and thin (17 cm long × 2 cm wide). 
In a similar way, in PC3 the HpmsCASIG19 J allele is only 
present in the ‘Piquin’ and ‘Chilaca’ chili populations, while 
the allele Hpms1-274 G is found only in the sweet peppers of 
Yucatán, and in ‘Chilaca’ and ‘Piquin’ chilis.

‘Mulato’ -0.079 0.167 0.228 ‘Chilaca’ -0.222 -0.222 0.000
‘Ancho’ -0.050 0.122 0.165 ‘Piquin’ -0.240 -0.240 0.000
‘Cristalino’ -0.222 -0.035 0.153 ‘Guajillo’ -0.018 -0.018 0.000
‘Miahuateco’ -0.116 0.084 0.180 Green pepper -0.462 -0.462 0.000
Sweet -0.254 0.028 0.225 Hybrid (‘Ancho’) -0.237 -0.237 0.000
‘Huacle’ -0.163 -0.163 0.000 Hybrid (‘Mulato’) -0.497 -0.497 0.000

Table 4. Wright F statistics for five groups, four populations and three hybrids of chilis, based on 24 SSR loci.
Chili type

FIS: Deviation of heterozygosity within each population, FIT: differentiation among populations, FST: coefficient of general genetic differentiation. 

FIS FIT FST Chili type FIS FIT FST
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 According to the dispersion of populations over the first 
two principal components (PC) shown in Figure 1, the 
populations of sweet peppers separate from the populations 
of north and central Mexico (Quadrant IV, Circle 4). The 
populations V-Pi (‘Piquin’) and O-Ch (‘Chilaca’) also form 
a differentiated group in Quadrant I (Circle 1). The hybrids 
H-Mu (‘Mulato’) H-An (ancho) and H-Gr (green pepper), 
signaled with an arrow, are separated in Quadrant I and II. 
The populations of ‘Mulato’ and ‘Miahuateco’ from Puebla 
also make up a separate group in Quadrants I and II (Circle 
2), while most of the chilis from the north of the country 
cluster in Quadrants III and IV (Circle 3). Although the first 
eight principal components explain just 50.5% of the total 

variation, analysis shows that there are genetic differences 
among the populations studied since the frequency of the 
alleles found for the loci allowed separation of the materials 
by the sites where they were collected: south, center, and 
north of Mexico. This differentiation in the ancho chilis 
showed that kinship is closer among populations of the same 
geographic location, largely attributable to the existence 
of exclusive alleles. The presence of these alleles is partly 
due to management and selection by farmers and plant 
breeders of each region as well as to the geographic distance 
between the materials. For this reason, genetic information 
has not been exchanged and distinct morphotypes have 
been preserved in each region. Diversification and genetic 

 1 13.0 Hpms1-62 F, HpmsCASIG19 H, Hpms1-5 I, Hpms1-172 F, CM0005 C, Hpms1-1 G, Hpms1-1 H, Hpms1-1 I, Hpms2-2 F,   
   Hpms1-106 E, Hpms1-6 I and Hpms2-13 K
 2 7.8 Hpms1-172 A
 3 7.0 HpmsCASIG19 J and Hpms1-274 G
 4 5.5 Hpms2-13 E, Hpms1-143 I, Hpms1-143 A, Hpms2-21 C, Hpms1-111 A, Hpms2-24 J, CM0005 E, Hpms1-5 L and   
   AF244121 C
 5 5.2 Hpms1-62 G, AF244121 J, HpmsCASIG19 C, Hpms1-1 J, Hpms1-274 A, Hpms1-274 C, Hpms2-2 A, Hpms1-214 L,   
   Hpms2-21 A and Hpms1-173 D
 6 4.7 CAN010950 D, Hpms1-173 A, Hpms2-21 E, Hpms2-24 G, Hpms2-24 A, Hpms1-6 C, Hpms1-214 K, Hpms2-2 B,   
   Hpms1-274 B, Hpms1-1 L, Hpms1-1 D, Hpms1-168 B, Hpms1-168 A, HpmsCASIG19 I and Hpms1-148 C
 7 3.8 Hpms1-5 K, Hpms1-172 J, Hpms1-111 H, Hpms1-111 I, Hpms1-143 D, Hpms1-173 C and Hpms2-13 B
 8 3.5 Hpms1-214 J, Hpms1-1 A, AF039662 B, AF039662 C, Hpms1-172 G, Hpms1-168 C, Hpms1-168 D and Hpms1-62 B

Table 5. First eight principal components, variation explained and alleles that have greatest influence on each component. 
Principal 
Component Alleles that contribute most to each component

Variation 
explained (%)

G: Guanajuato; Z: Zacatecas; S: San Luis Potosí; D: Durango; P: Puebla; O: Oaxaca; Y: Yucatán; V: Veracruz; H: hybrid; An: ancho; 
Mu: ‘Mulato’; Cr: ‘Cristalino’; Mi: ‘Miahuateco’; Hu: ‘Huacle’; Sw: ‘Dulce’; Gu: ‘Guajillo’; Ch: ‘Chilaca’; Gr: Morron; Pi: ‘Piquin’.

Figure 1. Dispersion of native ancho chili populations of Mexico and controls, in function of the first two principal components.
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variability of these populations offers an opportunity to deal 
with diverse plant health and environmental problems that 
arise during production of these chilis. It is also necessary 
to continue conserving the types of ancho chilis that express 
morphological and genetic characteristics unique to the 
region where they are grown.
 The phylogram, based on Rogers genetic distance modified 
by Wright (1978), with VP01 as the external group and with 
the Neighbor joining clustering method, is shown in Figure 
2. As in the results of PC analysis, the ‘Chilaca’ population 
(O-ch) is genetically very close to the ‘Piquin’ population 
(V-Pi), despite the large morphological differences: ‘Piquin’ 
chilis are round, very small and red when ripe, while the 
‘Chilaca’s are long (17 × 2 cm) and brown when ripe. The 
three populations of sweet peppers from Yucatán (Group 
III) were genetically very similar to the commercial hybrid 
green pepper (H-Gr). The chilis from the south (Group 
III) and center (Group II) clearly separate from the chilis 
collected in the north of Mexico (Group I), coinciding with 
the results of the principal components analysis. The chilis 
from northern Mexico are genetically more closely related, 
possibly due to the geographic proximity of the states 
where they were collected (Guanajuato, San Luis Potosí, 
Zacatecas, and Durango) and likely genetic flow among 
these populations. The hybrid chilis are placed more closely 
to the populations of San Luis Potosí (Group I-E). Despite 
the geographic distance between the two populations of 

‘Miahuateco’ chilis, they were genetically very similar to the 
‘Guajillo’ chili population (Group I-C), which in this case 
did not have exclusive alleles. It may be possible to achieve 
its differentiation with other SSR markers or with a larger 
number of populations.
 The sweet peppers of Yucatán exhibit morphological 
differences in both their kidney shape and their size. 
Moreover, their growth, development and selection have 
taken place in an ecological niche very different from that of 
the other studied chilis; that is, they have had less contact with 
other sub-types of ancho chilis, and thus cross pollination 
has not occurred and their alleles have been conserved, 
making them genetically different. For the commercial green 
pepper type, whose origin and parents are unknown, their 
genetic proximity and the similarity of their alleles to those 
of sweet peppers of Yucatán, as well as their morphological 
likeness, is relevant. This study may provide a hint as to the 
origin of the green peppers in the market. However, more 
detailed studies with a larger number of populations will be 
needed to confirm this proposal. The commercial hybrids 
were also genetically closer to the populations of the north 
of the country, especially with the populations from San Luis 
Potosí, suggesting that these local materials, or other closely 
related, gave rise to these hybrids.
 One ‘Mulato’ chili population of Guanajuato was that with 
the greatest evolutionary divergence, with a genetic distance 
of a little more than 0.55, relative to the base position on the 

G: Guanajuato, Z: Zacatecas; S: San Luis Potosí; D: Durango; P: Puebla; O: Oaxaca; Y: Yucatán; V: Veracruz; H: hybrid.

Figure 2. Phylogram of 38 native populations of ancho chilis of Mexico and controls, using Rogers distance modified by Wright (1978) 
and the Neighbor joining clustering method. 
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phylogram, followed by the populations of Yucatán sweet 
peppers and, immediately after, the commercial ‘Mulato’ chili 
and green pepper hybrids. The population of ‘Piquin’ chili 
(V-Pi) showed the least evolutionary divergence, followed 
by the ‘Chilaca’ population (O-Ch) with genetic distances of 
0.14 and 0.34, relative to the base position of the phylogram. 
In Mexico, there is a large quantity and diversity of ‘Piquin’ 
chilis (C. annuum var. glabriusculum) found distributed 
throughout the country (Aguilar et al., 2010). In our study, 
‘Piquin’ chili exhibits little genetic evolution, suggesting that 
‘Piquin’ chilis, on the one hand, were preserved for some 
exclusive use and, on the other, underwent selection, giving 
rise to the different sub-types of the C. annuum that exist in 
Mexico, since among ‘Piquin’ chilis exists broad variation in 
shape, coloring, size, spiciness, aroma, and flavor.

CONCLUSIONS

The analysis of microsatellites indicates that there is broad 
genetic variability with a large number of heterozygotes in 
the native populations of ancho chilis of Mexico. This genetic 
variation is found in greater proportion within the populations 
than among populations. It is, thus, important to exploit 
this diversity through selection. The existence of exclusive 
alleles differentiated the populations by geographic origin; 
the populations formed groups that clustered populations 
collected in the south, center and north of Mexico. Therefore, 
closer kinship among populations is based on geographic 
location. Moreover, the presence of alleles common to all 
of the ancho chili populations and their checks indicates that 
they share a common genetic base. Also, the green pepper 
hybrid was genetically close to the sweet peppers of Yucatán 
and may thus suggest its origin. The commercial hybrids 
share more genetic similarities with populations of the north 
of the country, particularly with those populations from San 
Luis Potosí.
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