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Abstract — In this study we aim to investigate the relationships the quantitative characteristics of DNA methylation. We determine 
the effect of genomic DNA Methylation Polymorphisms on the variations in the weight of fish specie Carp (Cyprinus Carpio). We 
start by selecting two pairs of parental combinations from two different families of Jian carp to cross and reproduce the off springs. 
The results indicate that increasing the stocking densities can increase the proportions of genomic DNA methylation polymorphisms 
in both liver and muscle tissues. They demonstrate that the standard deviation for body weight consisted of two parts, one part is 
derived from the difference in DNA sequence and the other part is derived from the difference in genomic DNA methylation in 
different tissues.  
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I. INTRODUCTION  
 

A. Introduction  
 
Many biological characters are the complex character 

which is determined by the combined actions between 
many gene loci and environmental factors whereas the 
influence of each individual gene locus to the character is 
very minor. The studies on this type of characters have 
been mainly focused on the localization of the 
quantitative trait loci (QTL). The commonest way to 
localize QLT is to firstly cross two parents, resulting in 
heterozygous (F1) individuals, which are then 
self-crossed to generate F2 population. Finally, the 
phenotypes and genotypes of the derived F2 population 
are scored and genetically mapped. The molecular 
markers that are genetically linked to a QTL influencing 
the trait of interest will be segregated more frequently 
with trait values whereas the unlinked markers will not 
show significant association with phenotype. Thus, in 
order to acquire adequate molecular markers, usually, the 
farer the genetic distance between two parents, the better. 
By this way, the segregation of either the quantitative 
characters or the molecular markers of F2 population is 
more obvious. Because the complex characters are usually 
influenced by the environmental factors to a large extent, 
in order to increase the accuracy of the QTL localization, 
the interactions between QTL and environmental factors 
are included in many studies, especially for the studies on 
those QTLs that are more strongly influenced by the 
environmental factors[1,2].       

A prerequisite for QTL localization is that the 
difference in gene loci in genomic DNA determines the 
segregation of the quantitative characters. However, in the 
reality, we found that this assumption is not totally the 
case. The offspring derived from the same parents display 
very large different phenotypes under different 
environmental conditions. Obviously, in addition to the 
differences in genomic DNA sequences, the 
environmental factors have stronger influences on the 

phenotypes. Thus, in order to increase the accuracy of 
QTL localization, both the populations used for genetic 
mapping and the growth conditions are needed to be very 
uniform. Otherwise, there would be larger errors in QTL 
localization. However, on the other hand, if the 
interactions between QTL and environmental factors are 
included, new questions would be brought about, i.e. how 
large do the interactions between QTL and environmental 
factors contribute to the changes in QTL? What are the 
mechanisms by which the environmental factors 
contribute to the changes in QTL? And in addition to QTL, 
are there the changes in any other parts of genomic DNA 
that contribute to the changes in phenotypes? These 
questions cannot be answered by the currently existing 
QTL theory.  

DNA methylation is one of the epigenetic 
modifications of the genomic DNA. DNA methylation 
can turn on or turn off the expression of one particular 
gene. Using the technique of methylation-sensitive 
amplification polymorphism (MSAP), Wang et al. [3] 
detected the changes in the methylation patterns of rice 
genome under the salinity stress. Mastan [4] also detected 
the changes in the methylation patterns of the genomic 
DNA of Jatropha curcas under the salinity stress. 
Therefore, the external environmental factors can changes 
some characters of bio-organisms through influencing the 
methylation patterns of genomic DNA but without 
necessarily changing their DNA sequences. Recently, 
researchers are interested in the genetic effects of the 
epigenetic heterozygous state. It has been proposed that 
the hybrid advantages are likely related to the epigenetic 
modifications of genome [5,6,7]. However, there have 
been no reports about how the epigenetic modifications 
influence the quantitative characters. Thus, we believed 
that the accurate conclusions on the changes in the 
segregation of quantitative characters  can only be drawn 
by the analysis on the combined actions of both the 
differences in DNA sequences and the differences in 
methylation patterns.   

Carp (Cyprinus carpio) is a kind of popularly cultured 



ZHEMING CAO et al: THE EFFECT OF GENOMIC DNA METHYLATION POLYMORPHISMS ON BODY WEIGHT ... 

DOI 10.5013/IJSSST.a.17.48.23                                    23.2                ISSN: 1473-804x online, 1473-8031 print 

fish in the world. We have observed that there are very 
larger variations in the phenotypes of carp under different 
aquacultural and environmental conditions whereas in the 
situation of very low population density, the variations in 
phenotypes between different families are not very large. 
Within the same family but under different stocking 
densities, the size of individual fishes differed largely. 
While there have been a few reports about the OTL 
localization and their interactions with environment in 
carp, these studies are not helpful for explaining these 
phenomenon. Thus, in order to investigate the variations 
of the quantitative characters and the DNA sequence 
polymorphisms and to investigate what the relationships 
exist between the methylation polymorphisms in different 
tissues, in this study; we selected two pairs of parents 
from two different families to conduct cross. The F1 
offspring of one pair of parents were chosen and divided 
into three groups with different stocking densities. The 
stocking density of the F1 offspring of another pair of 
parents was set the same as that of one of these groups. 
By comparing their population variations, DNA sequence 
polymorphisms and the difference in DNA methylation 
polymorphisms in liver and muscle tissues, we 
investigated the relationships between them, aiming to 
provide a proper reference for the related studies on the 
quantitative characters. 

 
B. Summary 

 
This study aimed to investigate the relationships 

between the quantitative characters and DNA methylation. 
Two pairs of parental combinations were selected from 
two different families of Jian carp (Cyprinus carpio) to 
cross and reproduce the offspring. The offspring of the 
cross of one pair of parents were divided into three groups 
and raised together with a group of offspring of the cross 
of another pair of parental combination in the same pond 
but with different cages. The stocking densities of three 
groups from the same pair of parents were 150/(G2), 300 
(G3) and 500 (G4) fishes/m3, respectively, while the 
stocking density of the offspring from another pair of 
parents was 150 fishes/m3 (G1). The other conditions 
were the same. After being raised for 4 months, the 
maximal, the minimal, the mean values as well as their 
standard deviations (SDs) of the body weights of these 
four populations were measured. The results showed that 
the difference in SDs between G1 and G2, between G3 
and G2 groups, and between G4 and G2 groups were 
0.0315, 0.6204 and 1.3435, respectively. These results 
indicate that the degree of variations of the offspring from 
the same parents with different stocking densities is larger 
than that of offspring derived from different parents but 
with the same stocking density. Using Amplified 
Fragment Length Polymorphism (AFLP), we analyzed the 
genetic polymorphisms in G1 and G2 groups and found 
that the difference in the proportions of DNA 
polymorphic loci between two groups was 2.25%. By 
methylation-sensitive amplification polymorphism 
(MSAP), We detected polymorphic methylation loci in 
G2, G3 and G4 groups of the offspring derived from the 
same parents and found that there was an increasing trend 
in methylation polymorphisms in both the liver and 
muscle tissues with the increasing stocking densities from 

G2 to G4 groups and the changing trend is more obvious 
in liver than in muscle tissue. These results also indicate 
that increasing the stocking densities can increase the 
proportions of genomic DNA methylation polymorphisms 
in both liver and muscle tissues. These results 
demonstrate that the SDs for body weight is consisted of 
two parts, one part is derived from the difference in DNA 
sequence and the other part is derived from the difference 
in genomic DNA methylation in different tissues. 

 
    

II. MATERIAL AND METHODS 
 

A. Materials  
 
Both parental species used in this study were obtained 

from the Fishing Banks of The Fresh Water Fishery 
Research Center, Chinese Academy of Fishery Sciences. 
Two pairs of parental combinations were selected from 
two different families of Jian Carp (Cyprinus carpio 
var.jian) to cross and reproduce the F1 offspring. The 
parents were the three year-old Jian Carp. The parents 
mated and laid eggs in April 2013. The F1 offspring of 
one pair of parents were divided into three groups with 
different stocking densities and were raised with the 
offspring of another pair of parents in the same pond. 
Within different cages, the size of the cage was 1 m3. The 
stocking densities of the three groups derived from the 
same pair of parents were 150 (G2), 300 (G3) and 500 
fishes/m3 (G4), respectively. The stocking density of the 
group derived from another pair of parents was 150 
fishes/m3 (G1). The raising conditions for four 
populations were all the same. The fishes were raised for 
four months. 

  
B.  Extraction of Genomic DNA 

 
100 individuals were collected from one group for 

further research.The muscle tissue (0.1g) was collected 
from G1 group. The muscle tissue (0.1g) and liver (0.1 g) 
were collected from G2, G3 and G4 groups, respectively. 
450 l of sodium-Tris-EDTA (STE) (150mmol/L NaCl，
50mmol/L Tris，and 1mmol/L EDTA) buffer, 12.5 l of 
10% SDS, and 10 l of proteinase K were added to each 
of the samples and mixed well. These samples were 
digested at 55oC overnight. The digested solution was 
extracted with phenol and chloroforms one time, 
respectively and equal volume of isopropanol was added 
to precipitate the genomic DNA. The precipitated DNA 
solution was centrifuged at 12000 rpm for 30 min. The 
DNA pellet was washed with 70% ethanol twice and then 
dissolved with 30 l of double distilled water (ddsH2O). 
The quality and concentration of the isolated DNA 
samples were checked with 0.8% agarose electrophoresis. 

     
C. Amplified Fragment Length Polymorphism (AFLP) 
Analysis   

 
AFLP analyses were performed according to the 

methods described by Vos et a1.(1995)[8]. The sequences 
of their adaptors and pre-amplification primers and the 
selective amplification primers were presented in table 1. 
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TABLE 1. THE SEQUENCES OF AFLP ADAPTORS AND PCR PRIMERS 
Name Sequences (5’-3’) 

EcoR I Adapters 
 

CTCGTAGACTGCGTACC 
CATCTGACGCATGGTTAA 

Mse I Adapters 
 

GACGTGAGTCCTGAG 
TACTCAGGACTCAT 

EcoR I pre-amplification primers GACTGCGTACCAATTC 

Mse I pre-amplification primers GATGAGTCCTGAGTAA 

E1 GACTGCGTACCAATTCAAC 

E2 GACTGCGTACCAATTCAAG 

E3 GACTGCGTACCAATTCACA 

E4 GACTGCGTACCAATTCACT 

M 1 GATGAGTCCTGAGTAACAA 

M 2 GATGAGTCCTGAGTAACAC 

M 4 GATGAGTCCTGAGTAACAT 

M 6 GATGAGTCCTGAGTAACTC 

M 7 GATGAGTCCTGAGTAACTG 

M 8 GATGAGTCCTGAGTAACTT 

 
D. Methylation-sensitive Amplification Polymorphism 
(MSAP) Analyses  

MSAP analyses were performed according to the 
methods described by Xiong et a1.(1999) [9] with minor 

modifications. The low frequent restriction enzyme EcoR 
I was ignored. The sequences of their adaptors and 
pre-amplification primers and the selective amplification 
primers were presented in table 2.  

 
TABLE 2.THE SEQUENCES OF ADAPTERS, PRE-AMPLIFICATION PRIMERS AND SELECTIVE AMPLIFICATION PRIMERS USED FOR MSAP 

ANALYSES 
Name No. Sequences 

adapters  5'-CGAGCAGGACTCATGA-3' 

 5'-GATCATGAGTCCTGCT-3' 

 Pre-amplification primers HM 5'-ATCCATGAGTCCTGCTCGG-3' 

 Selective amplification   
 primers 

HM1 5'-ATCCATGAGTCCTGCTCGGCTGA-3' 

HM2 5'-ATCCATGAGTCCTGCTCGGCTGT-3' 

HM3 5'-ATCCATGAGTCCTGCTCGGCTAT-3' 

HM4 5'-ATCCATGAGTCCTGCTCGGCTAC-3' 

HM5 5'-ATCCATGAGTCCTGCTCGGCTCA-3' 

HM6 5'-ATCCATGAGTCCTGCTCGOCTCT-3' 

HM7 5'-ATCCATGAGTCCTGCTCGOCTCC-3' 

HM8 5'-ATCCATGAGTCCTGCTCGOCTCG-3' 

 

E. Statistical methods 
 
The maximal, the minimal and the mean values of 

body weights and their standard deviations (SDs) for four 
populations of carp were all calculated with SPSSl1.5 
software. For the amplification results, for the same 
individual, there were two set of data, i.e. Msp I group 
and Hpa II group. For a particular individual, if there was 
band for a particular locus, it was count as 1, if there was 
not band, it was count as 0. If the presence of the 
amplified band individually in Msp I group or in Hpa II 
indicated one methylation locus; The presence or absence 

of different methylation loci in different individuals, it 
was count as the methylation polymorphism loci. For the 
statistical convenience, the two groups that both have 
amplified bands but the depth of their color varied largely, 
these methylation loci were not count. 

 
   

III. RESULTS 
 
A. The Statistically Analyzed Results of the Body Weights 
of Four Populations of Carp 
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The stocking density of both G1 and G2 groups was 
150 fishes /m3. The difference in their standard deviations 
(SDs) was 0.0315. G2, G3 and G4 groups were the 
offspring derived from the same pair of parents. The 
stocking density of G3 group was 300/m3. The difference 
in SDs between G3 and G2 groups was 0.6204. The 
stocking density for G4 group was 500/m3, the difference 
in SDs between G4 and G2 groups was 1.3435. These 
results indicate that the degree of variations of the 
offspring from the same parents at different stocking 
densities is larger than that of the offspring from different 
pairs of parents at the same stocking density. 

  

 
B. The Statistically Analyzed Results of The Population 
Genetic Polymorphisms of Two Populations of Carp 

 
We investigated the genetic polymorphisms in both 

G1 and G2 groups by using AFLP and found that the 
difference in DNA polymorphisms of the amplified loci of 
the offspring derived from two different families of Jian 
Carp was 2.25%. 

  
C The Statistically analyzed results of the methylation 
polymorphisms among three carp populations 

TABLE 3.THE STATISTICALLY ANALYZED RESULTS OF THE BODY WEIGHT OF THE POPULATIONS IN FOUR GROUPS OF CARP 
 G1 G2 G3 G4 

Number 100 100 100 100 
Minimal value 14.7 15.5 9.9 5.6 
Maximal Value 41.6 42.8 41.2 39.7 

Mean value 25.675 25.964 22.380 19.548 
Standard deviation 3.4702 3.5017 4.1221 4.8452 

 
C. The Statistically Analyzed Results of the Methylation 
Polymorphisms Among Three Carp Populations  

 
It can be seen from Table 3 that the proportion of 

DNA methylation in the muscle tissue of carp is from 
31.01% to 32.63% while that in liver tissue is from 18.5 
to 19.2%. The proportion of DNA methylation in liver 
tissue is lower than that in muscle tissue. The offspring in 
G2, G3 and G4 groups were all derived from the same 

parents, the proportion of methylation polymorphisms in 
either liver or muscle tissues displayed a slightly 
increasing trend with increasing stocking densities from 
G2 to G4 groups and this increasing trend was more 
obvious in liver tissue than in muscle. These results 
indicate that increasing the stocking densities can result in 
the increase in the proportion of genomic DNA 
methylation polymorphisms.   

 
TABLE 4.THE STATISTICALLY ANALYZED RESULTS OF THE POPULATION GENETIC POLYMORPHISMS OF TWO GROUPS OF CARP 

G1 G2
Number of amplified loci 1124 1042

Number of polymorphisms of the amplified loci 486 473
The ratio of the amplified polymorphisms 43.24% 45.39% 

 
TABLE 5. THE STATISTICALLY ANALYZED RESULTS OF THE METHYLATION POLYMORPHISMS AMONG THREE CARP POPULATIONS 

G2 G3 G4 
Liver Muscle Liver Muscle Liver Muscle 

The mean amplified loci 559 574 561 578 556 572 
The mean methylated loci 107 178 108 186 103 184 

The mean ratio of methylated loci 19.14% 31.01% 19.25% 32.63% 18.52% 32.17% 
Number of methylation polymorphisms 187 116 195 119 204 120 
The ratio of methylation polymorphisms 33.45% 20.21% 34.76% 20.59% 36.69% 20.97% 

 
 

IV. DISCUSSION 
 
The variations (mutations) of genomic DNA include 

both the variations in DNA sequences and the variations 
in DNA modifications. Because the changes in biological 
characters are finally achieved via the changes in gene 
expression and DNA modifications can lead to the 
changes in gene expression, thus DNA modifications have 
impacts on the quantitative characters. According to the 
definition of quantitative characters, the changes in DNA 
methylation of genome can also be QTL. However, there 
are large difference in the properties between these QTL 
and the traditional QTL and eQTL because the 
segregation of these QTL in the offspring does not 
completely obey Mendelian inheritance law. Using MSAP 
technology, Li et al. investigated the relationship between 
the DNA methylation characteristics of genome and the 

formation of the advantages of its hybrid of Larix 
gmelinii and found that the degree of the DNA 
methylation in the genomes of offspring of the cross and 
reciprocal crosses was significantly lower than of the 
median values of their parents and the adjustment to a 
large scale of DNA methylation patterns took place in 
24% of gene loci [10] . Using MSAP method, Yi et al. 
conducted analysis on the degree of cytosine methylation 
in the DNA 5'-CCGG locus of two maize hybrids and 
their corresponding parents and found that relatively large 
changes and adjustment in the DNA methylation patterns 
took place in the F1 generation of these hybrids as 
compared to those of their parents [11]. Using MSAP 
technique, Xiao et al. conducted an assessment on the 
degree and patterns of cytosine methylation of the 
genomic DNA of the ear tissues of the Changbai male 
pigs and Lantang female pigs and their F1 generation. 
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Their results revealed that the methylation polymorphisms 
of the pig genomic DNA were rich and that there was a 
big difference in the degree of genomic methylation 
between the F1 generation of the hybrids and their parents 
[12]. Thus, we suggest that these QTL be named 
methylation QTL (MQTL).  

Because the basis for the segregation of quantitative 
characters is the segregation and recombination of the 
different heterozygous loci in the genomic DNA, we 
considered that the proportion of DNA polymorphism loci 
within a population is basically equal to the degree of 
segregation of the quantitative characters. Thus, in this 
study, we used the proportion of DNA sequence 
polymorphism loci to measure the variation range for 
body weight. In addition, because there are no currently 
the suitable method for large scale detection of the status 
of the heterozygosis and homozygosis of DNA 
methylation, we also directly used the proportion of DNA 
methylation polymorphism loci to measure the variations 
in body weight caused by DNA methylation.    

By comparing the variation range in the body weight 
of two families of Jian carp, we found that under the 
condition of the sane stocking density, the difference in 
either the mean value or the SDs was not statistically 
significant. The SDs for G1 and G2 groups were 3.4702 
and 3.5017, respectively and the difference between them 
was 0.0315. The DNA sequence polymorphisms of these 
two populations were 43.24% and 45.39%, respectively 
and the difference between them was 2.15%. Because we 
did not have sufficient experimental data to give the 
detailed functional relation for DNA sequence 
polymorphisms and the SDs of body weight, we only 
used this proportion to calculate the contribution 
coefficient of the DNA sequence polymorphisms in G1 
group to the SDs of body weight, which was 0.633, 
accounting for 18.24% of the total SDs. The contribution 
coefficient to SD in the G2 group was 0.665, which 
accounted for 18.99% of the total SDs. We noticed that 
the proportion of methylation polymorphism loci in liver 
tissues in G2 group was 33.45% whereas that in muscle 
tissues in G2 group was 20.21%. Among G2 and G3 
groups that have different stocking densities, the 
difference in their SDs was 0.6204 and the difference in 
the SDs between G4 and G2 groups was 1.3435. The 
difference in the percentage of methylation polymorphism 
loci in liver tissue between G3 and G2 groups was 1.31% 
and that between G4 and G2 groups were 3.24%. The 
difference in the percentage of methylation polymorphism 
loci in muscle tissue between G3 and G2 groups was 
0.38% while that between G4 and g2 groups was 0.76%. 
It can be seen from these proportions that the difference in 
the SDs for body weight caused by the difference in 
methylation in different tissues is much larger than that 
caused by DNA sequence polymorphisms. A majority of 
studies on the localization of QTL have arbitrarily 
attributed the variations in these characters to the QTL 
that they found. The results obtained from this study 
indicate that the variations used for localization of QTL in 
previous study are larger than normal and a coefficient 
should be included so that the degree of true contribution 
of QTL to that character can be accurately reflected.      

In this study, we found that the degrees of the genomic 
DNA methylation in different tissues were different and 
the variations of their polymorphisms were also different. 

We infer that their contributions to the variations in body 
weight are also different. The contribution of DNA 
methylation polymorphisms in liver tissue is obviously 
higher than that in the muscle tissue because the 
percentage of its methylation polymorphism loci is 
relatively higher. 

  
V. CONCLUSION 

 
The standard deviation for body weight consists of 

two parts, one part is derived from the difference in DNA 
sequence and the other part is derived from the difference 
in genomic DNA methylation in different tissues. 
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