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 In this study, Tribolium confusum Jacquelin du Val, 1868 (Coleoptera: Te-

nebrionidae) lines were selected as live material and they were used for quanti-
tative trait locus analysis. The two of T. confusum lines were selected randomly 
and they were used for breeding process. During the experiments, the insects 
were held in the medium consisting of 95% flour and 5% yeast mixture which 
were placed in the incubators adjusted to suitable moisture and 32.5° C temper-

ature. Pupal weight for the selected marker loci was examined whether there 
were effective on quantitative traits. The examination of the differences be-
tween pupae weight of generations were analyzed by ANOVA in Minitab 16 
statistical software package. A significant difference in the pupal weight be-
tween these lines was not found. According to the results, it was concluded that 
the material used in this study was inconvenient to detect a quantitative trait 
locus and a mapping study. Still, in terms of examining for the implementa-
tions of methods further hybridizations and analysis could be carried out. 
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1. Introduction 

Many features are controlled by multiple genes 

and environmental factors. Although these features are 

very simple as phenotypes, they are complex as geno-

types. It is therefore also often referred to as complex 

features (Lander and Kruglyak, 1995). These complex 

features are often quantitative traits. Quantitative traits 
are features which have continuous distri1butions on 

phenotypes. The variations of these traits are con-

trolled by segregation of many loci, and therefore they 

are studied via more complex methods because of 

segregation of a lot of loci. The concepts of the link-

age between genes and marker loci have given rise to 

the term quantitative trait locus (Tanksley, 1993). 

Quantitative trait loci (QTL) can be a major gene or a 

small set of small genes that have effects on the phe-

notype together.  

                                                             
*Corresponding author email: sahino@uni-muenster.de 
** This study was conducted as an MSc thesis (Şahin, 2016) 
in Ankara University Faculty of Agriculture, Department of 
Animal Science. 
*** Short communication 

Utilization of the linked genes in indirect selection 

for any quantitative trait had been taken into account 

long before (Düzgüneş and Ekingen, 1983). Separa-

tion of each major gene and information about QTL 

presence by using the correlation of the quantitative 

phenotype with a single marker locus or a set of mark-

er loci can potentially find many useful applications. 
For instance, the information on the QTL presence can 

be used to improve the effect of selective breeding for 

characteristics that can be observed in a single gender 

with lower heritability. Another important potential is 

that it can be applied transgenic technology for quanti-

tative traits. It is known that identification of alleles 

predisposing to common multifactorial diseases such 

as heart disease or diabetes can help in the develop-

ment of methods of preventing these diseases (Falcon-

er and Mackay, 1996). 

The study of genetic constructs of quantitative 

traits using molecular markers implies QTL mapping, 

in fact, by making use of the relationship between 

marker loci and quantitative traits (Xu, 2002). Many 

properties with economic and medical prescription in 

humans, animals or plants are polygenic. The presence 

of high amounts of polymorphic DNA markers in 
many species allows for the preparation of genetic 

maps well and the examination of genetic structures of 
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complex quantitative traits. Systematic screening of 
the entire genome for QTL by the use of molecular-

linkage maps may account for a large portion of the 

total phenotypic variance (Zhong & Yan, 2003). 

In this study, we have tried to review the QTL 

methods used in the literature and wanted to apply 

them in an example material to conceive the subject. 
So, the Tribolium confusum Jacquelin du Val, 1868 

(Coleoptera: Tenebrionidae) was preferred just as an 

example and a model organism because its generation 

interval is very short and easy to measure the pupae 

weight. On the other hand, this model organism is a 

well-known pest for stored products. Therefore having 

more information about its genetic structure is very 

useful for future research studies. 

The life cycle of Tribolium has four main stages 

including egg, larva, pupa and adult. The eggs are 

quite small, white and flexible. The larvae hatch out 

after 1-2 days in appropriate circumstances. After 

changing of six shirts, the larvae enter the pupal stage 

at 19th - 21st day. The pupal stage lasts 3-4 days. After 

pupal stage, adults access sexual maturity and repro-

ductive capacity in 3-5 days. Adult beetles live for 1-2 

years and can produce around 15 eggs each female per 
day at the appropriate conditions (Sokoloff, 1977). 

2. Materials and Methods 

2. 1. Tribolium confusum (Coleoptera: Tenebrionidae) 

and preparation of medium 

Tribolium species are insects belonging to Te-

nebrionidae family of Coleoptera order and have 

many detrimental effects to food such as stored flour, 

semolina, chocolate, spices, and dried fruit. They can 

eat almost every type of stored food (Tribolium Genome 

Sequencing Consortium, 2008). In addition to this, some 

of them can have a flight capability and be found far 
from storage locations (Semeao et al., 2010). 

There are several reasons for studying Tribolium 

species. One of the most important reason is that Tri-

bolium is a model organism for classic genetic studies. 

It is also the only genetic model for medically and 

agriculturally significant coleopteran species (Brown 
et al., 2003). 

In the study, T. confusum lines which were brought 

to Population Genetics Laboratory in Ankara Univer-

sity Faculty of Agriculture, Department of Biometry 
and Genetics in 1993 were used as live material in 

2016. These beetles were held in the medium consist-

ing of 95% flour and 5% yeast mixture which were 

placed in the incubators adjusted to suitable moisture 

and 32.5°C temperature. 

2.2 Mating 

Two of these T. confusum lines were selected ran-

domly. They were named as Tcf 181 NewYork and Tcf 

117.  Firstly, 25 females of Tcf 181 NewYork line and 

25 males of Tcf 117 were selected randomly and their 

21st day pupal weight was measured. The difference 
between the means of the lines was found to be insig-

nificant. Although this situation, hybridizations were 

continued with the idea of finding a variation due to 

non-additive effects between and within QTL. Ac-

cording to this opinion, 40 numbers of F1 progenies’ 

pupal weight and 20 numbers of F2 progenies’ pupal 

weight were measured. Then, 20 numbers of F1 

progenies were selected randomly and were separated 

as 10 females and 10 males to hybridize with Tcf 181 

NewYork. Reciprocal backcrosses were carried out.  

2.3 DNA isolation and PCR 

For isolation of the genomic DNA, the DNA isola-

tion protocol reported by Hall (1986, 1990) was 

adapted to the laboratory conditions. After DNA isola-

tion, different genotypes between ancestral lines were 
seen at AC154135 marker locus obtained from the 

NCBI GenBank database.  

This marker locus was amplified by using the re-

port which William et al reported in 1990. This report 

was adapted the laboratory conditions and 5’ 
GTAGACCCGT 3’ was used as primer. According to 

this report PCR conditions included 45 cycles of dena-

turation at 94oC for 1 min, annealing at 36oC for 1 min 

and extension at 72oC for 2 min. It was also included 

pre-denaturation at 94oC for 2 min and last extension 

at 72oC for 10 min. 

3. Results and Discussion 

At the beginning of the study, selected T. confusum 

lines’ descriptive statistics on pupal weight were cal-

culated. These descriptive statistics are shown in Ta-

ble 1. 

Table 1 
Descriptive statistics of Tcf 181 New York and Tcf 117 on 21st day pupal weight (g)  

Variation N Mean SE of the Mean Std Dev Variance Minimum Maximum 

Tcf 181 25 2.44 0.07 0.35 0.12 1.89 3.07 

Tcf 117 25 2.39 0.06 0.32 0.10 1.87 3.02 
 

There was not found any significant difference be-

tween the means of 21st day pupal weights of the lines. 

In this case, a QTL research and mapping study be-

tween these two lines which have different genotypes 

at marker loci, but have not any significant difference 

on pupal weight was unable to do. However, with the 

hope that there is a possibility of non-additive effects 

and in terms of being a practice on the implementation 

of the method the planned further hybridizations and 

analysis were performed.  

Some of the descriptive statistics of the lines which 

were used for mating and their offspring were showed 

on Table 2. 
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Table 2  
Descriptive statistics of the lines on 21st day pupal weight 

Variation Tcf 181 NY Tcf 117 F1 F2 
Tcf 181 NY (Female)/ 

F1 (Male) 

Tcf 181 NY (Male)/ 

F1 (Female) 

N 25 25 40 20 10 10 

�̅� 2.44 2.39 2.27 2.43 2.35 2.24 

𝑆�̅� 0.07 0.06 0.05 0.07 0.09 0.09 

𝑆𝑋 0.35 0.32 0.34 0.33 0.28 0.25 

S 0.12 0.10 0.12 0.11 0.09 0.06 

Minimum 1.89 1.87 1.54 1.85 1.92 1.82 

Maximum 3.07 3.02 2.95 2.92 2.87 2.65 
 

The differences between the means of pupal 

weights were examined with ANOVA in Minitab 16 

statistical software package. The analysis was done to 

check out if there is a difference between the means of 

pupal weight on the generations which were included 

in the study. The results of variance analysis are shown 

in Table 3. 

Table 3  

Variance analysis 

Source DF SS MS F P 

Factor 5 0.7075 0.1415 1.32 0.258 
Error 124 13.2491 0.1068   

Total 129 13.9566    

There was not any significant difference between 

the groups in terms of mean pupal weight at the results 

of this variance analysis. In this case, it can be con-

cluded that there is not a genetic variation present ma-

terial obtained in terms of pupa weight. Therefore, it 

was decided that this situation was not suitable for 

studying QTL. 

Consequently, in terms of quantitative aspects the 

lines to be crossed had to have phenotypic differences 

or at least F1 had to be a significant difference from the 

parent lines. If these differences were observed, it 

could be examined quantity of the genotypic difference 

on the phenotypic difference and the places of these 

genes could be detected on the genome. 
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