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ABSTRACT. Genetic mapping is very useful for dissecting complex 
agronomic traits. Genetic mapping allows for identification of 
quantitative trait loci (QTL), provide knowledge on a gene position and 
its adjacent region, and enable prediction of evolutionary mechanisms, 
in addition to contributing to synteny studies. The aim of this study 
was to predict genetic values associated with different agronomic traits 
evaluated in an F2 population of Capsicum baccatum var. pendulum. 
Previously, a reference genetic map for C. baccatum was constructed, 
which included 183 markers (42 microsatellite, 85 inter-simple 
sequence repeat, and 56 random amplification of polymorphic DNA) 
arranged in 16 linkage groups. The map was used to identify QTL 
associated with 11 agronomic traits, including plant height, crown 
diameter, number of days to flowering, days to fruiting, number of 
fruits per plant, average fruit weight, fruit length, fruit diameter, fruit 
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pulp thickness, soluble solids, and fruit dry weight. QTL mapping was 
performed by standard interval mapping. The number of small QTL 
effects ranged from 3-11, with a total of 61 QTL detected in 9 linkage 
groups. This is the first report involving QTL analysis for C. baccatum 
species.

Key words: Chili Pepper; Complex trait; Genetic map; 
Molecular markers; Quantitative trait loci

INTRODUCTION

The Capsicum baccatum species shows high genetic variability, which can be ob-
served by the different fruit shapes, sizes, colors, aromas, textures, and pungencies (Rêgo et 
al., 2009), resulting in multiple uses, such as fresh fruits for in natura consumption, or dry for 
processing into powders or extracts (Albrecht et al., 2012).

Genetic resource studies in pre-breeding and breeding have been conducted for C. 
baccatum, which were primarily aimed at morpho-agronomic characterization and disease re-
sistance (Rêgo et al., 2009; Rodrigues et al., 2012; Bento et al., 2013; Gonçalves et al., 2013). 
Additionally, interspecific crossing for gene introgression of bacterial spot disease resistance 
from C. baccatum into C. annuum have been successfully obtained by Potnis et al. (2012).

In addition to phenotypic information, understanding the genetic and genomic diversity 
of pepper species is important for assisting crop-breeding programs. Several genetic studies 
have been conducted for the Capsicum genus, and approaches have been based primarily on 
molecular marker use (Dias et al., 2013). The development of genetic maps is an important 
application of this technology, in which wide coverage and complete analysis of the species 
genome are achieved. Several genetic maps have been established for C. annuum (Lefebvre 
et al., 2002; Paran et al., 2004; Minamiyama et al., 2006; Barchi et al., 2007; Mimura et al., 
2012; Sugita et al., 2013).

Genetic map development is very useful for assisting plant breeding programs, which 
allows mapping of quantitative, polygenic, or complex inherited traits, known as quantita-
tive trait loci (QTL) (Tanksley, 1993). One of the major applications of linkage maps for 
crop enhancement is QTL mapping in intraspecific crossings (Chutimanitsakun et al., 2011). 
QTLs are genome regions responsible for quantitative trait variation, and their study enables 
identification and mapping of desired agronomic traits by plant breeders (Toledo et al., 2008).

QTL mapping can lead to an increased understanding of genotype and phenotype 
interactions. According to Bernardo (2008), QTL mapping aims to increase the knowledge of 
the genetic inheritance of traits and to identify molecular markers that can be used in assisted 
selection for relevant phenotypic traits, such as production and disease resistance.

In pepper, previous studies have been reported involving genetic parameters of plant 
trait series and their corresponding QTL mapping (Alimi et al., 2013). Most QTL studies in 
pepper have focused on commercial traits, such as fruit and production traits (Rao et al., 2003; 
Zygier et al., 2005; Barchi et al., 2009; Lee et al., 2011; Alimi et al., 2013) as well as studies 
related to identification of QTL associated with resistance to diseases (Lefebvre et al., 2003; 
Mimura et al., 2009; Kim et al., 2011). A limited number of studies have identified QTL as-
sociated with vegetative parts of the plant (leaves, stem internodes, and petioles) (Barchi et al., 
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2009; Mimura et al., 2010).
Lee et al. (2011) located a QTL related to the pepper fruit length, located in linkage 

group 3, which explained 27% of trait phenotypic variation. Lu et al. (2012) identified 23 
greater effect QTLs associated with 12 morphological features. A dense map consisting of 458 
molecular markers was used, and the linkage map was constructed by integrating several maps 
published in other studies.

Alimi et al. (2013) evaluated 16 physiological traits in C. annuum species in 4 envi-
ronments and identified 24 QTL. The average number of QTL per trait was 2, but ranged from 
0-6. The explained total of the trait phenotypic variance varied from 9-61%. In the high-den-
sity map constructed by Yarnes et al. (2013), 96 QTL were estimated for 38 agronomic traits, 
including 12 QTL associated with capsaicinoid levels in the Capsicum population under study.

QTL enables the study of the genetic basis of traits, generating significant contribu-
tions to genomics and plant improvement. In this study, we conducted genetic dissection of 
QTL associated with important agronomic traits of C. baccatum.

MATERIAL AND METHODS

Plant material

Two pure lines of C. baccatum var. pendulum (UENF 1616 - P1 and UENF 1732 - 
P2) from the germplasm collection of Plant Breeding Department of Universidade Estadual 
do Norte Fluminense Darcy Ribeiro (UENF), located in Rio de Janeiro State, Brazil, were 
crossed to generate F1 (first hybrid generation) and F2 (first F1 selfing generation). Plants from 
the P1, P2, F1, and F2 generations were evaluated and a mapping population consisting of 203 
F2 individuals was used for subsequent QTL estimation.

Plants were grown under field conditions at the Research Support Unit of the Centro 
de Ciências e Tecnologias Agropecuárias, of UENF in Rio de Janeiro State, Brazil. Bento 
(2012) phenotyped this plant population and evaluated the following 11 quantitative traits: 
plant height; crown diameter; number of days to flowering; number of days to fruiting; number 
of fruits per plant; average fruit weight; fruit length (FL); fruit diameter (FD); fruit pulp thick-
ness; soluble solids, and fruit dry weight. The data were subjected to descriptive statistical 
analysis and to the Pearson correlation coefficient method.

Genetic mapping

The JoinMap version 4.0 software (Van Ooijen, 2006) was used to build the integrated 
linkage map. Linkage groups were formed and sorted using a minimum LOD score of 3.0 and 
maximum of 40% recombination. Recombination frequencies were converted into genetic 
distances (centiMorgans) using Kosambi function (1943). Chi-square test [χ2 (P < 0.05, ge-
netic linkage = 1)] was used to test the Mendelian segregation hypothesis at 1:2:1 for simple 
sequence repeat markers and 3:1 for inter-simple sequence repeat (ISSR) and random amplifi-
cation of polymorphic DNA markers.

QTL mapping

The morphological data set for 11 quantitative traits was used to identify areas with 
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potential QTL. The models described by Broman and Sen (2009) were used for QTL analysis, 
in which each loci marker genotype was used as a covariate effect of measured phenotypic 
variables. The mapping methods by standard interval allowed verification of the position of 
possible QTL along the linkage map estimated using the following equation:

(Equation 1)

 

)/Pr( iiij MjgP 

In this equation, Pij is the probability of QTL existence, gi is the possible QTL geno-
type, j is the measured phenotypic variable, and Mi is the marker locus genotype.

For quantitative variables, we used mapping models with standard intervals estimated 
using maximum likelihood algorithms of QTL existence by iterative processes, with the fol-
lowing equation:

(Equation 2)  
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In this equation, Yi is the phenotypic value; 0ˆ jµ  is the average of the initial phenotypic 
variables; and )0(2σ  is the initial variance of the variables.

The LOD scores were obtained using the following equation:
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Methods based on non-parametric models were used as multi-category variables for 
QTL analysis. Kruskal-Wallis test was used to evaluate the potential positions of QTL.

The probabilities of QTL genotypes were verified based on the available data on the 
marker genotypes. In the Kruskal-Wallis test, statistics analyzed included the sum of classes 
within each group of markers, which enabled calculation of the probabilities that QTL geno-
types belonged to classes of markers genotypes (as described above). Next, we ranked these 
groups with their respective rank sums, and subsequently calculated the statistic H using the 
following equation:

(Equation 4)
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In this equation, μ0j is the mean and Voj is the variance of Sj in terms of the null hypoth-
esis for the presence of the QTL linked to the marker locus.

Using the statistic H, the presence of the QTL was determined after the LOD score 
estimates, which is a non-parametric statistic that approximately reflects the distribution of χ2, 
and may be converted to the statistics LOD = H / (2ln10).

LOD score peaks with values greater than 1.5 were considered to be QTL-adopted. 
Next, the percentage of variance explained by the QTL was estimated through the “makeqtl” 
function package R- QTL.

RESULTS AND DISCUSSION

Trait distribution and correlation

High genetic variability among genotypes in the F2 population was observed, which 
was expected because the parents had very contrasting traits (Table 1). The UENF1616 parent 
is susceptible to pepper yellow mosaic virus (Bento et al., 2013), has an elongated fruit with a 
length of approximately 101 mm, and diameter measuring 27.35 m, and is yellow color in the 
immature stage and orange at maturity. The other parent, UENF 1732, is resistant to pepper 
yellow mosaic virus, produces pungent fruit, bell-shaped, orange color in the immature stage, 
red at maturity, fruit length approximately 43, and fruit diameter of 45 mm (Bento et al., 2013).

Statistics	 PH	 CD	 DFl	 DFr	 NFP	 AFW	 FL	 FD	 PT	 TSS	 FDM

Mean	 1.38	 1.40	   84.18	 56.07	 100.32	 12.81	   68.88	 36.42	 2.44	   9.28	 2.55
Standard deviation	 0.20	 0.23	     8.76	   6.45	   48.08	   3.15	   22.67	   8.74	 0.43	   1.25	 0.56
Minimum value	 0.66	 0.35	   72.00	 42.00	     1.00	   5.00	   29.41	 13.28	 1.28	   5.92	 1.12
Maximum value	 1.85	 1.87	 119.00	 77.00	 317.00	 22.56	 135.64	 60.19	 3.68	 13.40	 4.16

PH = plant height; CD = crown diameter; DFl = number of days to flowering; DFr = number of days to fruiting; 
NFP = number of fruits per plant; AFW = average fruit weight; FL = fruit length; FD = fruit diameter; PT = fruit 
pulp thickness; TSS = soluble solids; FDM = fruit dry weight.

Table 1. Mean, standard deviation, and minimum and maximum values for F2 generation from Capsicum 
baccatum var. pendulum UENF 1616 x UENF 1732 crosses.

A high standard deviation for the traits fruits per plant (48.08) and fruit length (22.67) 
was obtained, reflecting the wide variability found for these traits. A correlation study among 
traits was performed (Table 2), in which a positive correlation between plant height and di-
ameter (0.604) was observed. The trait average fruit weight was positively correlated with 
fruit length (0.172), fruit diameter (0.178), and fruit pulp thickness (0.180). These correlations 
were expected, as they are related to crop yield. Fruit length was negatively correlated with 
fruit diameter (-0.675) and fruit pulp thickness (-0.364). Fruit diameter and fruit pulp thick-
ness were positively correlated (0.620), which was expected.

Genetic map for the F2 population of C. baccatum var. pendulum

The reference map for C. baccatum used in the QTL estimation consisted of 183 
markers, including 42 (22.95%) microsatellites, 85 (46.45%) ISSR, and 56 (30.60%) random 
amplification of polymorphic DNA, arranged in 12 larger linkage groups (321.8-110.3 cM) 
and 4 smaller groups (80.8-54.2 cM), with full coverage of 2547.5 cM.



2127

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 14 (1): 2122-2132 (2015)

QTLs for agronomic traits in C. baccatum var. pendulum

Traits	 PH	 CD	 DFl	    DFr	    NFP	 AFW	    FL	    FD	    PT	    TSS	   FDM

PH		  0.614**	  0.049	 -0.038	  0.238	  0.061	 -0.072	 -0.014	 -0.009	   -0.0003	  0.049
CD			   -0.027	 -0.032	  0.539	  0.092	  0.022	 -0.093	 -0.025	 -0.043	  0.055
DFl				        0.207**	    -0.190**	 -0.065	  0.062	   -0.133*	 -0.108	 -0.007	    0.0009
DFr					     -0.094	  0.015	    0.133*	 -0.088	 -0.084	  0.057	  0.522
NFP						       0.005	 -0.125	      0.258**	      0.315**	 -0.124	 -0.032
AFW							           0.172**	      0.178**	      0.180**	  0.096	 -0.011
FL								            -0.675**	     -0.364**	      0.243**	 -0.068
FD									              0.620**	     -0.201**	  0.066
PT										            -0.166*	 -0.533
TSS											            0.723
FDM

*,**Significantly different from zero at 0.05 and 0.01% probability levels for a t-test, respectively. For abbreviations, 
see legend to Table 1. 

Table 2. Phenotypic estimative and genotype correlation of F2 generation from Capsicum baccatum var. 
pendulum UENF 1616 x UENF 1732 crosses.

The average distance between markers was 14.25 cM. Smaller distances indicated 
that the map had a higher saturation level, enabling better QTL detection. Lower results were 
obtained by Priyamedha et al. (2012), who found an average distance of 31.39 cM between the 
markers for the genetic map constructed for Brassica carinata species.

QTL mapping

Standard interval mapping allowed for identification of QTL associated with 11 quan-
titative agronomic traits. The number of QTL obtained varied from 3-11 and phenotypic varia-
tion rate ranged from 0.76-3.45%. The QTL average number for evaluated traits was 5.46.

Considering the 11 evaluated traits, 61 small-effect QTL were detected in 9 linkage 
groups (Table 3). No QTL were detected in linking groups 3, 4, and 6. Some marker loci were 
present in the control of more than 1 trait, particularly markers of linkage group 5b. According 
to Schuster and Cruz (2004), determining the number and effects of QTL can provide breeders 
with knowledge of the genetic control of these traits and allow for the development of more 
efficient selection strategies.

Alimi et al. (2013), using 149 improved recombinant lines of C. annuum, detected 24 
QTL ranging from the smallest to the greatest effect for 16 agronomic traits evaluated. Yarnes 
et al. (2013) developed a genetic map for pepper by crossing C. frutescens and C. annuum and 
identified 96 QTL associated with 38 agronomic traits.

The LOD score values for most of QTL obtained using the R/QTL Package Pro-
gram were critical values, which can be justified by the heritability of most agronomic traits 
studied, which ranged from moderate to low. Martinez et al. (1999) found that the most 
important factors influencing QTL power and parameters were heritability and trait genetic 
variance.

The identified QTL did not explain the evaluated phenotypic traits well. However, 
information estimating the location of QTL responsible for specific traits in C. baccatum was 
obtained, making this study the first to report QTL prediction for this species. Small-effect 
QTL are less precisely located. According to Asins et al. (2004), many QTL are small-effect, 
accounting for less than 10% of phenotypic variation and many of this type have been detected 
where the inheritance of traits under study was polygenic or quantitative.
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Trait	 Linkage group	 Marker	 Position (cM)	 LOD score	 LODb threshold	 % of variation

Plant height (PHa)	     5a	     7	 166.9	 2.03	 4.29	   1.34
	   8	 264	   41.2	 1.98	 4.29	   1.10
	   9	 374	   59.5	 2.06	 4.29	   2.06
	 10	 141	   73.8	 2.36	 4.29	   1.45
	     1b	 371	   17.3	 1.89	 4.29	   1.45
	     5b	 159	     0.0	 1.96	 4.29	   2.12
Total						        9.52
Canopy diameter (CDa)	     1b	 371	   17.3	 1.75	 3.25	   1.25
	     5b	 159	     0.0	 1.69	 3.25	   1.36
	     5b	 169	     9.0	 1.95	 3.86	   0.98
	     5b	 158	   14.8	 1.25	 3.68	   0.87
	     5b	 144	   21.4	 1.36	 3.35	   0.96
	     5b	 176	   27.7	 1.56	 3.35	   0.94
	     5b	 149	   35.5	 1.63	 3.35	   1.56
	     5b	 165	   54.2	 1.87	 2.89	   1.32
Total						        9.24
Number of days to 	 11	 118	     0.0	 1.98	 4.15	   1.65
   flowering (DFla)	     5b	 159	     0.0	 1.65	 4.15	   1.35
	     5b	 165	   54.2	 1.55	 4.15	   2.01
Total						        5.01
Number of days	 11	 118	     0.0	 1.69	 4.25	   2.35
   to fruiting (DFra)	     5b	 159	     0.0	 1.96	 4.82	   3.45
	     5b	 165	   54.2	 1.85	 4.82	   0.98
Total						        6.78
Number of fruits	     7a	 365	 126.6	 1.96	 4.12	   2.34
   per plant (NFPa)	   9	 374	   59.5	 1.96	 4.12	   1.56
	     1b	 282	   80.2	 1.96	 3.36	   0.98
	     2a	 152	   90.0	 1.36	 3.36	   1.25
	     5b	 159	     0.0	 2.15	 3.56	   1.36
	     5b	 169	     9.0	 2.15	 3.56	   1.53

Table 3. QTLs detected for quantitative descriptors evaluated in F2 generation of Capsicum baccatum var. 
pendulum.

	     5b	 158	   14.8	 2.15	 3.56	   1.65
	     5b	 144	   21.4	 2.15	 3.56	   1.56
	     5b	 176	   27.7	 2.15	 3.65	   1.69
	     5b	 149	   35.5	 2.15	 3.12	   1.23
	     5b	 165	   54.2	 1.98	 3.56	   0.98
Total						      16.13
Average fruit mass (AFMa)	     2a	 359	 258.3	 1.69	 4.08	   1.45
	     3a	 299	 181.1	 1.56	 3.65	   2.36
	 12	 316	   43.1	 1.48	 3.65	   0.96
	     5b	 159	     0.0	 1.96	 3.65	   1.56
	     5b	 158	   14.8	 1.63	 3.65	   1.69
	     5b	 144	   21.4	 1.54	 3.65	   1.56
	     5b	 176	   27.7	 1.96	 3.65	   1.56
	     5b	 149	   35.5	 1.96	 3.65	   1.65
	     5b	 165	   54.2	 1.96	 3.65	   1.65
Total						      14.44
Fruit length (FLa)	 11	 118	     0.0	 1.96	 4.08	   1.98
	     5b	 159	     0.0	 2.13	 4.08	   1.76
	     5b	 165	   54.2	 2.01	 4.08	   1.98
Total						        5.72
Fruit diameter (FDa)	 11	 118	     0.0	 2.01	 3.79	   1.76
	     5b	 169	     9.0	 2.01	 3.79	   1.09
	     5b	 149	   35.5	 2.01	 3.79	   1.87
Total						        4.72
Pulp thickness (PTa)	     7a	 324	   38.3	 2.14	 3.95	   1.09
	     5b	 159	     0.0	 2.14	 3.95	   1.13
	     5b	 165	   54.2	 2.14	 3.95	   1.09
Total						        3.31
Total soluble solids (TSSa)	     5a	 342	   82.2	 1.98	 4.95	   2.13
	     5b	 159	     0.0	 1.98	 2.78	   1.96
	     5b	 169	     9.0	 1.98	 2.78	   0.98
	     5b	 158	   14.8	 1.96	 2.78	   0.76
	     5b	 144	   21.4	 1.96	 2.78	   0.76
	     5b	 176	   27.7	 1.96	 2.78	   1.02

Continued on next page
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Greater saturation of the linkage map may enable the QTL obtained in this study and 
further explain the effect of the trait or, as additional QTL are identified, higher efficiency rates 
may enable marker-assisted selection. Six markers were identified for plant height, located in 
5 linkage groups: 1 in group 1b, 2 in group 5 (1 in 5a and 1 in 5b), 1 in group 8, 1 in group 9, 
and 1 in group 10. One of the markers was random amplification of polymorphic DNA (7), 2 
ISSR (141 and 159), and 3 microsatellite (264, 371, and 374). The rate of phenotypic variation 
explained ranged from 1.10-2.12, totaling 9.52%. Ben Chaim et al. (2001) identified 8 QTLs 
in groups 2, 3, 4, 6, and 8 based on a map constructed from 180 F3 families of C. annuum, cor-
responding to a different gene complex from C. baccatum.

Eight markers related to canopy diameter were detected and located in 2 linkage 
groups: 1 to group 1b and 7 to group 5b. The marker mapped to group 1b and identified as a 
QTL was a microsatellite, while the other markers associated with crown diameter were all 
ISSRs and mapped to group 5b (144, 149, 158, 159, 165, 169, and 176). The variation ex-
plained by these markers ranged from 0.87-1.56, accounting for 9.24%.

For the number of days to flowering and number of days to fruiting, the same 3 
markers were estimated: 1 in group 11 and 2 in group 5b. Markers associated with these 
traits were ISSRs. The percentage of explained phenotypic variation ranged from 1.35-2.01 
for number of days to flowering and from 0.98-3.45 for number of days to fruiting, totaling 
5.01 and 6.78%, respectively. As these are correlated traits, it was predicted that at least 
some of the markers should be common. Yarnes et al. (2013) identified QTL on different 
linkage groups as those found in this study. For number of days to flowering, QTL were 
observed in group 6; for number of days to fruiting, QTL were detected in group 8. In this 
study, we used a mapping population originated from an interspecific crossing between C. 
frutescens and C. annuum.

The largest number of markers was identified for number of fruits per plant, cor-
responding to a total of 11 markers. These markers were located in 5 linkage groups: 1 from 
group 1b (282), 1 in group 2a (152), 7 in group 5b (144, 149, 158, 159, 165, 169, and 176), 1 in 
group 7a (365), and 1 in group 9 (374). For this trait, 3 associated markers were microsatellites 
(282, 365, and 374) and 8 were ISSR (144, 149, 152, 158, 159, 165, 169, and 176). The rate of 
explained phenotypic variation ranged from 0.98-2.34, totaling 16.13%.

Alimi et al. (2013) also detected markers in groups 1 and 2 associated with the num-
ber of fruits per plant in C. annuum. Studies conducted by Rao et al. (2003) with C. annuum 
identified QTL possibly responsible for the in linkage groups 2, 3, and 11. Barchi et al. (2009) 
performed phenotypic characterization for this trait; however, they did not identify QTL re-
lated to the trait.

Trait	 Linkage group	 Marker	 Position (cM)	 LOD score	 LODb threshold	 % of variation

	 5b	 149	 35.5	 2.01	 3.95	   2.16
	 5b	 165	 54.2	 2.01	 3.62	   2.34
Total						      12.08
Fruit dry mass (FDM)	 11	 118	   0.0	 1.98	 3.23	   1.98
	 1b	 371	 17.3	 1.98	 3.62	   2.09
	 5b	 159	   0.0	 1.98	 3.62	   2.15
	 5b	 165	 54.2	 1.98	 4.62	   3.34
Total						        9.56
aAnalysis method based on standard interval for parametric data. bDetermined by permutation test at 5% probability.

Table 3. Continued.



2130

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 14 (1): 2122-2132 (2015)

M.M. Moulin et al.

Nine markers related to average fruit mass (AFM) were identified and were located in 
4 distinct linkage groups: 1 in group 2a (359), 1 in group 3a (299), 1 in group 12 (316), and 6 
in group 5b (144, 149, 158, 159, 165, and 176). Three of the mapped markers associated with 
AFM were microsatellites (299, 316, and 359) and the remaining were ISSR. The explained 
variation ranged from 0.96-2.36, corresponding to a total of 14.44% of phenotypic variation.

Lu et al. (2012) developed a dense map for a population of C. annuum and detected 
3 QTL related to AFM in groups 3 and 4, explaining 30.14% of phenotypic variation. Barchi 
et al. (2009) mapped QTL associated with AFM in linkage groups 3, 4, 11, and 12, while Rao 
et al. (2003) identified QTL in groups 1, 2, 3, 4, 8, 10, and 11, indicating that this trait is con-
trolled by QTL located in some linkage groups.

For FL and FD, 3 markers were identified for each trait. For FL, 1 marker was identi-
fied in group 11 (118) and 2 in group 5b (159 and 165). For FD, the same marker was identi-
fied in group 11, and 2 in group 5b (149 and 169). All associated markers were of the ISSR 
type. The phenotypic variation ranged from 1.76-1.98 for FL and 1.09-1.87 for FD, totaling 
5.72 and 4.72%, respectively. Yarnes et al. (2013) also detected 2 QTL associated with pepper 
FD and 1 QTL associated with FL, all in linkage group 11. In studies carried out by Lu et al. 
(2012), 3 QTL were identified in the same position for FL and FD in linkage groups 4, 5, and 
10. For FL and FD, the group of markers explained 10.98 and 21.44% of phenotypic variation, 
respectively. Additionally, regarding FL, Lee et al. (2011) obtained similar results to our study 
and observed QTL in groups 5 and 11. Contrasting data were obtained by Borovsky and Paran 
(2011), who identified a QTL with a large effect on linkage group 10 for average FL.

Considering pulp thickness, 3 markers were identified, 2 ISSR in group 5b (159 and 
165) and 1 microsatellite in group 7a (324). The explained variation ranged from 1.09-1.13, 
totaling 3.31%.

For total soluble solids, 8 markers were obtained, all located on linkage group 5, 1 
in group 5a (342) and 7 in group 5b (144, 149, 158, 159, 165, 169, and 176). One marker 
associated with soluble solids was a microsatellite (342), while the others were ISSRs. The 
explained phenotypic variation percent ranged from 0.76-2.34, totaling 12.08%. Ben Chaim et 
al. (2001), while studying the same trait in C. annuum, detected QTL in groups 3, 6, and 12. 
However, they used amplified fragment length polymorphism and restriction fragment length 
polymorphism markers for map building.

Four markers were identified in 3 different linkage groups for fruit dry mass, 1 micro-
satellite in group 1b (371), 2 ISSR type in group 5b (159 and 165), and 1 ISSR type in group 
11 (118). The phenotypic variation explained ranged values from 1.98-3.34, totaling 9.56. The 
best explanation values for the phenotype marker were obtained for this trait.

There is no information in the literature regarding identification of QTL associated to 
many of the traits evaluated in this study, not even for C. annuum, which is a widely studied 
species. In this context, no published studies were found for crown diameter, pulp thickness, 
and fruit dry mass, and thus we could not perform data comparison. For traits involving identi-
fication of QTL associated with fruit and yield, it was possible to make comparisons with other 
studies, but these comparisons were very limited.

In C. baccatum, we detected a large number of QTL identified in linkage group 5b. All 
QTL identified in this group had a maximum distance of 20 cM to the next marker. The best 
saturation of this group may be related to the association for the markers with the control of 
various studied traits. This indicates that this group is involved in phenotypic variation for dif-
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ferent quantitative traits in C. baccatum, and QTL located in this group may be used to further 
understand the traits analyzed.

In this study, genetic dissection was performed on QTL location and their importance 
to each of the 11 quantitative agronomic traits in C. baccatum was determined. Therefore, 
these QTL of small magnitude are useful for assisted selection programs, as they can be used 
as a reference point for the species to detect greater effect QTL.

In this study, the first QTL for agronomic traits of relevant interest to crop breeding of 
C. baccatum var. pendulum were mapped, including QTL for yield components, which may 
be used as references for other QTL mapping studies. Additionally, a greater accumulation 
of QTL data on Capsicum is necessary, which will allow a comparative analysis and genetic 
characterization of morphological diversity of the genus.
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