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Abstract: Background: Childhood obesity is a major public health concern. The importance of genes in development of 
obesity is evident from twin and family studies. Moreover, epigenetic events in early life may play an important role in 
obesity etiology. Aim: We aimed to outline and discuss the role of genetic and epigenetic influences on development of 
obesity in early life from around birth and into adolescence. Methods: We included a series of interesting contributions on 
the area. First, the topic was addressed on the relative influence of genes and environment. Next, we turned to the 
significance of epigenetic events. Results: Genetic influences play an important role in individual differences in body 
fatness throughout childhood and adolescence, with an increasing heritability with age. In addition, environmental factors 
can influence the epigenetic regulation, making the individual more susceptible to develop obesity. Conclusion: Our 
knowledge of genetic and epigenetic contributions to obesity development has increased dramatically during the last 
century. Future studies and technological advnces, will undoubtedly reveal even more complicated pathways that have to 
be considered when trying to prevent the dramatic worldwide increase in obesity. 
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INTRODUCTION 

 The prevalence of obesity has increased at epidemic rates 
in most parts of the world in the last decades and in United 
States the most recent data show, that more than a third of all 
men and women are obese [1, 2]. At the same time it has 
been estimated that 30-45 million children are obese world-
wide (www.world-heart-federation.org). Childhood obesity 
is a major public health concern. The condition is associated 
with psychosocial complications such as social isolation, low 
self-esteem and body image as well as medical conditions 
including type 2 diabetes, hypertension, non-alcoholic fatty 
liver disease, gastroesophageal reflux and gallstones [3, 4]. 
In addition, studies show that childhood obesity also leads to 
weight problems later in life [5].  
 The understanding of how genes influence the develop-
ment of obesity has greatly improved in the recent years. 
This is mainly due to important technological advances 
allowing genome-wide search for genes associated with 
obesity phenotypes – the perhaps most prominent result 
being the discovery of the FTO gene, which is associated 
with body mass index (BMI) and risk of obesity. 
 The aim of this article is to outline the role of genetic and 
epigenetic events in development of obesity in early life. 
This topic can naturally not be covered comprehensively in 
one article. Instead a series of interesting findings and 
theories on the area will be highlighted. First we will 
approach the subject from the perspective of twin and family 
studies in which the relative influence of genes and 
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environmental factors in a population can be investigated. 
Next we will turn to the possible role of epigenetic events in 
early life in development of obesity. Epidemiological evi-
dence increasingly suggests that exposure to certain environ-
mental factors early in development can affect the phenotype 
later in life. In addition, some of these environmental effects 
seem to be passed on through subsequent generations. Inc-
reasing numbers of excellent reviews have already been 
published, describing the detailed mechanisms of epigenetic 
regulation and the suggested associations to disease suscep-
tibility [6-14]. Therefore, in this review we will give a short 
overview of the current knowledge from animal and human 
studies on the possible link between genetic inheritance, 
epigenetic regulation and childhood obesity.  

LEARNINGS FROM TWIN STUDIES 

 In the following we will discuss contributions from twin 
studies to the knowledge of developmental origins of obe-
sity. The stages of development will be covered broadly 
from birth into childhood and during pubertal transition. 
However, the intention is not to review all relevant literature, 
but rather to outline some of the main findings on the area. A 
wide variety of quantitative genetic studies exist including 
different twin, family and adoption designs1. Nevertheless, 
we will primarily discuss findings from twin studies, from 
which most of the contributions origin. The main focus will 
be on genetic influences, but evidence on environmental 
determinants from twin studies, will be considered when 
appropriate.  
 

                                                                            
1 In principle all relations in which either environmental or genetic factors 
(or both) are correlated, can contribute with information on influence from 
these sources, if combined correctly [15].  
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The Classical Twin Design 

 By studying resemblance in a trait within pairs of 
different types of family members, or individuals sharing the 
same environment, it is possible to segregate the influence of 
genes from the influence of the environment. In the case of 
twins, we can estimate the environmental and genetic contri-
bution to phenotypic variance by calculating trait correla-
tions for monozygotic (MZ) and dizygotic (DZ) twin pairs, 
respectively. This is because MZ twins share all their genetic 
material, while DZ twins, on average, share 50 % of their 
segregating genes. Thus, assuming that MZ and DZ twin 
pairs share an equally similar environment, a higher corre-
lation between MZ than DZ twins gives evidence a genetic 
contribution to the trait [16]. Through twin and family 
studies we can identify four sources of phenotypic variation.  
 The variation can be caused by, 
1. A = additive genetic effects, which is the sum of the 

effects of all genetic loci influencing the trait (the 
additive genetic component),  

2. D = dominant genetic effect, (the dominant genetic 
component) which refers to the effects of gene-gene 
interaction at a single locus (dominance) and between 
genes at different loci (epistasis)2,  

3. C = environmental factors shared by both members in 
a pair (the common/shared environmental com-
ponent),  

4. E = environmental factors unique to each member in a 
pair (the unique/unshared environmental component) 

 In the classical twin design, in which twins are reared 
together, the C and D components cannot be estimated 
simultaneously. Thus, either the ACE or the ADE model is 
chosen, depending on the goodness of fit. Heritability is 
often used as a measure of genetic influence on a trait. It 
refers to the proportion of total variation in the trait, 
attributable to genetic differences between individuals in a 
population. A heritability of e.g. 0.4 means that 40 % of the 
total phenotypic variation is caused by genetic factors and 60 
% by environmental influences.  

Maximising the Utility of Twin Studies  

 The primary target of twin and family studies has mostly 
been to estimate heritability of a trait in a given population. 
Nevertheless, the quantitative genetic approach offers a wide 
range of possibilities. Firstly, not only the genetic influences 
should be considered. In order to fully take advantage of the 
method, we should also assess the remaining components, 
i.e. common environmental and unique environmental varia-
tion. Secondly, in addition to considering a single snapshot 
of the distribution of phenotypic variance, we can follow a 
population of twins from early childhood into adolescence or 
compare cross-sectional studies of children at different ages. 
This enables us to investigate possible changes in genetic 
and environmental influences during a life course and to 
clarify to what extend an association between BMI in child-
hood and adulthood is caused by genes and the environment, 

                                                                            
2 In the case of closely linked interacting loci, which are segregated 
together, the effects are modelled as additive genetic effects since the genes 
interacting, in this case, form a unit.  

respectively [16]. In the following we will take a look at 
some of the evidence available from twin studies at present 
time.  

Genetic and Environmental Factors in Childhood 
Obesity 

 In a recent review of twin and adoption studies, genetic 
factors had a strong effect on BMI variation at all ages in 
childhood [17]. In the context of the current paper it is 
relevant to also consider determinants for birth weight, 
which has been found to be associated with adult BMI [18]. 
In two independent twin studies Dubois et al. and Vlietinck 
et al. estimated the heritability of weight at birth to be 0.4 
[19, 20]. Demerath et al. studied infant weight in nuclear and 
extended families and found that a higher proportion of the 
variance explainable by additive genetic effects (heritability 
= 0.61-0.95) [21]. Haworth et al. studied the later stages of 
development and found evidence that heritability of BMI 
increased over childhood from 0.56 at 4 years to 0.78 at 11 
years [22]. Likewise, a longitudinal study of Dutch twins 
showed that heritability increases from age 3 to age 10 in 
boys and age 12 in girls [23]. The study also found a very 
similar age trend in the effect of the FTO gene on BMI. The 
age trends suggested by these studies are illustrated in Fig. 
(1). However, in a Swedish longitudinal study, Silventoinen 
et al. found consistently high estimates of heritability 
(between 0.83 and 0.92) in male twins from birth to age 18, 
with no sign of a systematic age pattern [24]. 
 The source of heterogeneity between twin studies in 
estimates of heritability is yet largely unknown. Multiple 
factors varying across populations are likely to influence 
heritability of body weight and BMI, in addition to age. 
Furthermore, it is important to recall that since heritability is 
a proportion, it is also influenced by environmental factors. 
Hence, an age trend in heritability must be interpreted care-
fully, since it could reflect changes in environmental inf-
luences as well. In order to more comprehensively elucidate 
the issue of a possible age pattern, a meta-regression analysis 
of studies reporting heritability estimates in childhood could 
be conducted. 
 As mentioned, it can be informative to also consider the 
environmental components in twin and family studies. Most 
studies report the ACE or AE model to have the best fit on 
data. This indicates that unshared environmental factors, 
denoted by E, significantly contribute to BMI variation at all 
ages. On the other hand, the C component shows a more 
inconsistent pattern. Silventoinen et al. systematically 
reviewed available evidence from twin and adoption studies, 
which indicated that common environmental factors subs-
tantially affected BMI in early childhood, but that this 
influence disappeared in adolescence [17]. This finding 
concurs with a prospective study of Finnish twins in which 
environmental effects shared by siblings were 0.15-0.24 
among 11-12 and 14-year-old boys and girls, but no longer 
discernible at 17 years of age [25].  
 A more sophisticated usage of the twin and family 
approach enables us to estimate the overlap in genetic and 
environmental factors at different periods in childhood. In 
this way we can investigate whether genetic and environ-
mental factors influencing body weight at one time are also 
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active at later developmental stages. This is relevant since 
previous studies suggest that adiposity in childhood is a 
strong predictor of adulthood obesity [26, 27]. Thus, if a 
large proportion of the genetic influences on adiposity in 
childhood remain important in adulthood, we can hypo-
thesise that genetic factors are important for the association 
between childhood and adulthood obesity. The method was 
applied to Swedish male twins in a longitudinal study from 
birth to 18 years of age [24]. Correlations between BMI at 
age 18 and ponderal index at birth and BMI from age 1 up to 
age 17 were calculated. The correlations increased with 
increasing age from 0.32 between 1 and 18 years to 0.91 
between 17 and 18 years. Almost all of this tracking could be 
explained by additive genetic factors (81-95%) and the 
remaining part by unique environmental correlation. In other 
words, the carry-over effect during growth was almost 
entirely caused by genetic factors. Nevertheless, it is interest-
ing to note that a low but significant unique environmental 
correlation was found between ponderal index at birth and 
BMI at age 18. This indicates that the intra-uterine environ-
ment may be important for adult BMI, which is also 
supported by previous findings [28].  
 From a public health perspective, knowledge on the 
specific factors constituting the genetic and environmental 
components is crucial. The fact that genetic factors are 
responsible for the majority of BMI variation does not 
necessarily imply, that the resulting phenotype is beyond our 
influence. It is important to note that behavioural patterns 
such as eating behaviour and physical activity, which are 
often thought to be related to BMI, have a strong genetic 
component [29, 30]. Insofar as diet and physical activity is 
affecting BMI, part of the heritability of BMI is mediated 
through these factors. Hence, since eating habits and exercise 
can also be altered deliberately, genetic influences are not 
necessarily predetermined.  

Drawing Conclusions from Twin and Family Studies 

 An important strength of twin and family studies is in 
areas in which knowledge of specific causal mechanisms is 
still at an early stage. The findings can be used as a point of 
orientation for future studies by contributing with infor-
mation on what type of factors are important. As an example, 
Wardle et al notes that since twin studies most often report 
insignificant or low estimates of the common environmental 
component, it is likely that the family environment is of low 
significance in the development of obesity [31]. Based on 
these results, the authors recommend caution in making 
parents responsible for obesity in their children. Likewise, 
measures of heritability can be utilized at a molecular genetic 
level. If heritability is high in a given population at a given 
time the potential of locating candidate genes is probably 
higher.  
 However, we must be careful in our interpretation of 
results from twin and family studies. Firstly, the size of the 
genetic or environmental components does not always reflect 
the importance of these factors. This is because the size of 
the components depends on differences in exposure between 
individuals. If all individuals in a population are equally 
exposed this will not cause variation even though the expo-
sure may be the main cause of an adverse health condition. 
In this case the exposure, although important, will not be 
measurable. Secondly, when the size of the components are 
reported as proportions, which is often the case, the genetic 
contribution to total variance will depend on the environ-
mental contribution and vice versa.  

THE ROLE OF EPIGENETIC EVENTS 

 To a large extent, our genes determine our body weight, 
as just described in the previous sections. However, by 
nature, the dramatic increase in obesity prevalence cannot 

 
Fig. (1). Age trend in heritability of BMI in childhood. 
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solely be explained by our genes, due to the comparatively 
short period of 40-50 years [32]. Therefore, complex 
interactions between the genome and perturbations in our 
environment have to be taken into account when considering 
susceptibility to gain excess of weight. Especially insults 
during sensitive periods of development in the perinatal life, 
can induce detrimental and long-lasting effects [33], and has 
been termed the fetal origins hypothesis [34]. These insults 
are thought, in part, to involve epigenetic regulation, defined 
as mitotically and/or meiotically heritable changes in gene 
function, without any changes in DNA sequence [11]. 

Short Definition of Epigenetic Regulation 

 Before we consider how epigenetic modulation possibly 
can be involved in the aetiology of obesity development, it is 
important to bear in mind that epigenetic regulation is an 
essential process in normal development that occurs all 
through life. It is required to achieve stable expression or 
repression of genes in specific cell types or at specific time 
points and constitutes the link between genotype and 
phenotype [35]. Epigenetics encompasses two major modi-
fications of DNA or chromatin: DNA methylation and 
modification of the histones tails including methylation, 
acetylation and phosphorylation [14]. The best-characterized 
form of epigenetic marking, is methylation of the cytosine 
residues of DNA, especially in CpG dinucleotides present in 
regions called CpG islands. DNA methylation is generally 
associated with reduced transcriptionally activity, not only 
through decreased binding of transcription factors but also 
by attracting methyl-CpG-binding proteins that act as trans-
criptional repressors. The different modifications of histones, 
in majority methylation or acetylation, cause condensation or 
relaxation of the local chromatin structure, thereby regulate 
the access to the underlying DNA [36]. 
 Some of the different types of genes and processes under 
the influence of epigenetic control include X-chromosome 
inactivation and imprinted genes [37]. X-chromosome inacti-
vation is the key process happening in somatic cells in 
female embryos, where one of the x-chromosomes is 
randomly inactivated by methylation [38]. The imprinting of 
app. 1% of our autosomal genes, meaning that only the 
maternally or the paternally derived allele are involved in the 
expressed gene product, plays significant roles in deve-
lopment and cellular proliferation [39, 40]. 

Disturbances in Epigenetic Mechanisms 

 The cell cycle maintenance of differential DNA methyla-
tion and its associated chromatin features requires a complex 
interplay between many different enzymes. This constant 
gene repression or activation is governed to a large extent, by 
intrinsic factors, such as methyltransferases, and these 
mechanisms most often function faithfully. However, diffe-
rent environmental perturbations sometimes destroy this 
perfectly maintenance of epigenetic patterns, leading to 
increased susceptibility for later disease [14]. In rodents, 
grooming behaviour from the mother during the pups first 
weeks of life, can affect the methylation status of the gluco-
corticoid receptor gene. Thereby, absence of appropriate 
maternal care influences the offspring’s stress response later 
in life [41]. This could possibly also influence utilization of 
diet, due to the important role of glucocorticoid in macro-

nutrient metabolism. Other influences from the environment, 
that have received a huge amount of interest is nutritional 
status, since it seems to affect development of adipose tissue, 
appetite regulation and metabolic processes [36]. 

Epigenetic Modulation Involved in Weight Regulation 

 Most studies conveying results about nutritional interrup-
tions in the epigenetic control have been performed in 
animals. Diet-induced obesity has in several animal studies 
been associated to epigenetic changes in genes associated to 
body weight regulation. In adult rats, intakes of high pro-
portions of fat induced increased weight in the animals and 
methylation in the leptin gene [42]. These effects can be 
counteracted by supplementation of ascorbic acid with 
altered expression of genes in rodent adipose tissue [43]. In 
young rats, overfeeding either in utero [44] or during 
neonatal life [45] induced changed methylation patterns in 
the appetite regulating hormones in the hypothalamus. Some 
of the effects persisted after puberty with increased weight, 
and increased insulin- and leptin- and triglyceride levels 
[44]. 
 In sheep, increased nutrition in prenatal life induced 
permanent changes in the appetite regulatory system and the 
adipocytes resulting in increased adiposity 30 days after birth 
[46]. In non-human primates, maternal high-fat diet during 
pregnancy induced a variety of modifications in chromatin 
structure in the offspring, followed by increased expression 
of several hepatic and metabolic enzymes. These changes 
were associated with elevated levels of triglycerides, histo-
logical correlates of non-alcoholic fatty liver disease and 
increased body weight in the fetus [47] and in the juveniles 
[48]. In contrary to excess energy availability, different kind 
of maternal restricted diets have also been shown to possible 
lead to a disturbed metabolism in the offspring. A study in 
rats by Lillycrop and colleagues showed that maternal 
exposure to a protein-restricted diet during pregnancy 
induced hypomethylation in the juveniles’ hepatic PPARα 
promoter, with persistent effect into adulthood. However, the 
adverse effects of a low-protein diet could be prevented by 
also feeding the pregnant rats the methyl donor folic acid 
[49]. In other studies, rats exposed to maternal undernutrition 
during the fetal period, had elevated expression of the leptin 
gene and increased adiposity in adult life. If these under-
nourished rats however were treated with leptin during the 
neonatal period, it reversed the adverse effects from in utero 
undernutrition [50]. These findings were explained by leptins 
important role in the development of nuclear projections in 
hypothalamus, involved in regulating body weight [50]. 
 Another dietary compound, the phytoestrogen genistein, 
found in soy and soyproducts has been involved in altera-
tions in the mouse epigenome. In a study by Dolinoy and 
colleagues, in utero exposure to genistein, resulted in 
hypermethylation of the agouti gene. This gave a different 
coat color and decreased incidence of adult onset of obesity 
[51]. 
 It is important to recognize that many of the develop-
mental events involved in metabolism and energy homeo-
stasis occur postnatally in the rodent, whereas these often 
occur in utero in humans. Therefore, it can be difficult to 
extrapolate results from animal studies into human settings. 



Genetic and Epigenetic Determinants of Obesity The Open Obesity Journal, 2011, Volume 3     31 

Recent evidence from human studies, do however support 
that epigenetic modulation can be involved in weight 
regulation [52]. Campión and colleagues, have in a current 
review, reported a list of more than 20 human genes possibly 
regulated by epigenetic mechanisms involved in develo-
pment of obesity. These genes are implicated in different 
physiological processes, such as adipogenesis, inflammation, 
energy and fat metabolism, and insulin signalling and 
resistance [53].  
 Besides nutritional factors, evidence about detrimental 
effects from endocrine disruptors has been suggested. In 
utero or neonatal exposure to bisphenol A (BPA), a man-
made chemical used in the manufacture of plastic, is asso-
ciated among other things, with decreasing DNA methyla-
tion of the Agouti gene and higher body weight in mice. 
However, maternal dietary supplementation, with either 
methyl donors like folic acid or the phytoestrogen genistein, 
did negate the negative effects of BPA on the epigenome 
[54]. 
 Thus, compelling evidence is presented that different 
environmental factors can possibly affect individuals phe-
notype throughout the life span, by stably altering the 
epigenome. During gestation however, the epigenome is 
most vulnerable to environmentally induced dysregulation, 
because the DNA synthetic rate is high and the DNA methyl-
ation patterning required for normal tissue development is 
established during this period [8]. Interestingly, the detri-
mental maternal effects can sometimes be counteracted by 
e.g. maternal dietary supplements. These findings strongly 
support increased investigation of nutritional supplemen-
tation as a parental preventive approach to counteracting 
environmental influences on the epigenome [9]. 
 Much of the evidence about epigenetic regulation possi-
bly involved in development of obesity comes from specific 
effects on certain genes already known to be involved in 
metabolic mechanism. Additional new perspectives to how 
epigenetic effects may influence obesity development in 
childhood, comes from the Prader-Willi Syndrome [32]. This 
syndrome is associated with cognitive impairments, uncon-
trollable appetite and severe obesity within the first 6 years 
of life. These dysfunctions results from altered genomic 
imprinting and thereby disturbed expression of gene 
products. Therefore, it is plausible that subtle imprinting of 
yet unidentified genes may also contribute to individual 
variations in body mass [32, 55]. 

Transgenerational Effects 

 The possibility that environmental factors can exert 
effects through generations is receiving intense interest. 
However, the idea of epigenetic regulation with transgene-
rational effects could be involved in the metabolic syndrome 
is not new. Some Swedish studies conducted for more than 
100 years ago, suggested that men who experienced access 
to plenty of foods and nutrients during pre-pubertal stage, 
would have grandsons with higher risk of dying from 
diabetes [56]. This is in agreement with much later studies, 
where mortality of diabetes and cardiovascular disease were 
influenced by the nutritional state of parents and grand 
parents [57]. Data from the Dutch Famine study further 
supports the possible effects through generations. Mothers 

who experienced famine in 3rd trimester had children with 
lower birth weight and increased risk of insulin resistance. In 
addition, grandchildren of mothers experiencing famine in 
early pregnancy also had reduced birth weight, independent 
of any effect on the first generation [58, 59]. Since these 
transgenerational effects cannot easily be explained by 
genetic mutations, epigenetic regulation has been suggested 
to be involved [36].  
 If influences from the environment are carried on to 
children, grandchildren and great-grandchildren, the effects 
are very serious. Obviously, transgenerational effects must 
work through interacting and complicated pathways, and 
there are still a lot of details about possible mechanisms that 
needs to be unraveled. The possibility that parental lifestyle 
factors influence the susceptibility of obesity for several 
generations will have dire consequences and more research 
is imperative in order to find ways to prevent these 
potentially vicious cycles.  

DISCUSSION 

 Twin and family studies show evidence of a considerable 
genetic component to individual differences in weight at 
birth and BMI at all periods in childhood. Some studies 
suggest an age trend in heritability and the importance of 
shared environmental factors. Two independent studies sug-
gest that the relative importance of genetic factors increases 
from early to late childhood. A parallel tendency was found 
on a molecular genetic level in the FTO gene, which is 
associated with BMI and the risk of obesity. The effect of 
FTO on BMI was increasing over childhood in a pattern 
similar to the increase in heritability of BMI. Twin studies 
are also informative regarding environmental influences on 
adiposity. At least two studies suggest that common environ-
mental factors are important in early childhood, and subse-
quently vanish in adolescence. Unshared environmental 
effects, on the other hand, remains important at all ages. 
Tracking of BMI in longitudinal twin studies can give 
insight into overlapping genetic and environmental factors at 
different periods of development. A Swedish male twin 
study reported that almost all the tracking (81 - 95 %) could 
be explained by additive genetic factors and the remaining 
part was caused by unshared environmental factors. This 
suggests that associations between childhood and adulthood 
BMI primarily is genetically determined.  
 Although the focus in genetic epidemiological research in 
the recent years has moved to molecular genetics studies, 
quantitative genetic methods undoubtedly still have more to 
offer. Twin and family studies show that the majority of 
variation in BMI is caused by genetic factors. Nevertheless, 
studies on candidate genes have only accounted for a few 
percentages of the total genetic variation. This calls for new 
ways of understanding the role of genes in obesity deve-
lopment. In this exploratory phase twin and family studies 
are ideal, since hypotheses can be tested without restricting 
the analyses to particular genetic loci. More research using 
the twin and family approach should therefore be 
encouraged.  
 Obesity is certainly a multifaceted disease with complex 
interactions between genetic traits, epigenetic regulation, 
environmental factors, hereof the amount of influence and 
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the timing of exposure and on top of that, inter-individual 
susceptibility to evolve disease. Even though, extensive 
animal models and human epidemiological data support the 
hypothesis about early environmental factors influencing on 
later susceptibility for obesity, our understanding of how 
genes and epigenetics are involved in the etiology of obesity 
has just begun. In the next couples of years, more sophis-
ticated technology will undoubtedly unravel more know-
ledge about the underlying biological mechanisms. With 
more knowledge, it has been hypothesized, that personalized 
medicine or novel diets could be used to prevent or reverse 
the detrimental epigenetic effects leading to overweight and 
obesity. However, more information about the complex 
interplay between nutritional diversity, individual genetic 
backgrounds and intestinal physiological environments 
where food is metabolized is detrimental before medicine or 
nutrition can be used to abolish any adverse effects [32, 60]. 
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