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1. Abstract 

Stress can induce prolonged deleterious effects on many characteristics in 

chickens (Gallus gallus). Particular interest has been paid to early life stress. 

Social isolation as an early life stressor results in increased plasma 

corticosterone levels. Moreover, it induces behavioural and physiological 

changes as well as gene expression modifications in the hypothalamus. In 

the first part of my study, I aim to inquire into social isolation impacts on the 

short and long-term. Short and long-term effects were assessed by immune 

system, behaviour and weight. 82 male chickens were assigned to three 

groups (stress, control and enrichment). The stress group was exposed to 

social isolation, the enrichment group was provided with enrichment 

substrates while the control group was left untreated. According to my 

knowledge, this is the first study that investigates the effects of social 

isolation on the interuleikn-6 levels as an indicator of immune system 

response. My findings suggest that social isolation induces short and long-

term effects on immune response as well as on body weight. In the second 

part of my study, I aim to develop a method investigating effects of early 

stress on DNA methylation in blood and sperm. For this purpose, two 

methods GBS (Genotyping by sequencing) and MeDIP (Methylated DNA 

immune-precipitation) were combined using pooled DNA from all 

individuals for the first time. Moreover, I developed a protocol for extracting 

sperm DNA from frozen testis. Combining both methods has many 

advantages, such as cost effectiveness and the ability to evaluate epigenetic 

signatures in large number of individuals. 
 

Key words: DNA methylation, Epigenetic, GBS, Interleukin-6, MeDIP, 

Stress, social isolation, sperms 

 

2. Introduction 

Early life stress can provoke persisting effects on several traits, such as 

behaviour, immune-system response, epigenetics, fecundity and 

reproduction (Goerlich et al. 2012). Aversive experiences in early stages 

of life might induce long-term effects by programming of the 

hypothalamic–pituitary–adrenal (HPA) axis which mediates the stress 

response (reviewed by Lindström, 1999; Romero, 2004) (Figure 1). Social 

isolation represents a potential stressor in birds as it was shown to be 

accompanied by elevated plasma corticosterone levels (Yanagita et al. 

2011). Studying the effects of such a stressor in early life on immune-

system response and behaviour is relevant for understanding the 
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importance early life conditions have on the individual later in life 

(Goerlich et al. 2012). 

 

What is stress? 

“Everybody knows what stress is and nobody knows what it is” is a quote 

coined by Hans Selye (Selye, 1973), the father of stress. By this quote he 

clarified the dilemma that scientists face when agreeing on a specific 

definition of stress. Stress is often defined differently depending on the 

scientific field. In ethology stress might be defined by the occurrence of 

specific behaviours whereas in physiology stress might be defined as 

alterations of molecular pathways. Therefore, as every scientific field has 

its own definition, several different definitions of stress are existing. In the 

current experiment, I evaluate the effects of stress from a physiological 

perspective. Therefore, I chose the definition of stress as “a state of 

activation of the hypothalamic-pituitary-adrenal (HPA) axis in response to 

a stressor accomplished with high secretion of glucocorticoids (e.g. 

Corticosterone) where glucocorticoids are steroid hormones that are 

secreted by the adrenal glands (Cockrem, 2007). 

There is a wide range of stressful conditions that birds might face in the 

production environment, such as food and water restriction (Rostagno, 

2009; Morgan &Trombord, 2007 ; Savory & Lariviere, 2000), heat or 

cold stress (Rostagno, 2009), different illumination systems (Morgan & 

Trombord, 2007), human handling, animal transporting (Rostagno, 2009) , 

exposures to unfamiliar sounds and stimulating odors (Morgan & 

Trombord, 2007), in addition to maternal separation (Riber et al. 2007) 

and social isolation (Goerlich et al. 2012). Social isolation represents a 

serious stressor as sociality is relevant for many species. Sociality 

relevance lies in its contribution in facilitating the domestication process 

(Morgan & Trombord, 2007). Social isolation was shown to induce 

behavioural and physiological influences on some species, such as rats 

(Genaro et al. 2004; Weiss et al. 2004) and cattle (Boissy & Le Neindre, 

1997). In tufted capuchins as an example of primates, giving the choice 

between social contact and food access, social contact was preferred even 

after hours of food deprivation (Dettmer & Fragaszy, 2000). In captive 

dolphins, social isolation is suggested to be responsible for increased 

mortality rate (Waples & Gales, 2002). In birds, high levels of plasma 

corticosterone levels in addition to a decrease in the nutritional factors 

were detected in response of social isolation (Yanagita et al. 2011).  
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Early life stress and its impacts on behaviour and immune system-

response 

Extensive literature suggests that early life stress can induce changes on 

many characteristics, such as reproduction, phenotype, physiology, 

personality (Goerlich et al. 2012), cognition (Lindqvist et al. 2007), 

parenting behaviour (Stone & Bales, 2010), altered foraging behaviour 

(Lindqvist & Jensen, 2009) and immune system (O'Mahony et al. 2009; 

Solomon et al. 1968). As reviewed by Ericsson et al. (2016) early life stress 

in rats can induce behavioural changes as an indication of elevated anxiety 

in adulthood and it might influence sexual behaviour. In birds, early life 

stress was also shown to have persisting effects on behaviour. For example 

in Japanese Quail, it was shown that early stress in life resulted in 

behavioural flexibility in the stress group in comparison to the control group. 

Moreover, in chicken, exposure to unfavourable conditions in early stages of 

life, such as lack of maternal care has led to the development of abnormal 

behaviours, such as feather pecking and cannibalism (Ericsson et al. 2016). 

Another feature that early stress is found to affect is the immune system. In 

rat pups, lack of maternal care resulted in modification of the HPA-axis 

followed by enhanced immune response in the stressed (Kaiser et al. 2006). 

In chickens, early experiences can alter immune response in adulthood 

(Solomon, 1968). The mechanism through which early life stress can affect 

immunity is not well studied. However, there are some speculations that 

suggest that during stressful conditions, the hypothalamus activates the 

HPA-axis which is responsible for elevating the circulating corticosterone 

levels and might thereby affect the response of the immune system (Shini & 

Kaiser, 2009).  

Cytokines are needed for a better defence mechanism of the immune system 

against pathogens. Cytokines are secreted proteins that play a major role in 

cell recruitment in addition to restrain of both acquired and innate immune 

responses (Kaiser et al. 2006). The importance of cytokines lies in its 

essential role in regulating the host immune responses against a pathogen 

(Kaiser et al. 2006), in addition to its integral role in regulating pro-or anti-

inflammatory activities (Sorrells & Sapolsky, 2007). Interleukin-6 (IL-6) is 

an example of cytokines secreted by several cells including, peripheral blood 

leukocytes and monocytes (Shini & Kaiser, 2009). In chickens, IL-6 has 

been shown to be essential in immune responses, particularly pro 

inflammatory response (Kaiser et al. 2006). IL-6 is the strongest mediator of 

the stress response mechanism. It plays an integral role in activating the 

secretion of proteins, such as C- reactive protein (CRP) and albumin from 
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liver which participate in HPA-axis activation (Hughes, et al. 2016). This 

process might occur by a direct interaction between the paraventricular 

nucleus of the hypothalamus and IL-6 receptors. Hence it is responsible for 

acute-phase (Hughes et al. 2016). Glucocorticoids (e.g. corticosterone) are 

responsible for immune regulation by influencing cytokines (Shini et al. 

2009). It is suggested that during stress, glucocorticoids inhibit the synthesis 

and secretion of pro-inflammatory cytokines (e.g. IL-6) (Hughes et al.  

2016). In chickens, corticosterone reduces the number of circulating 

lymphocytes and causes alternations in their morphological features (Shini et 

al. 2008). In human, individuals with a history of post-traumatic stress were 

found to have reduced lymphocyte (i.e. T-cells) (Kawamura et al. 2001). In 

farm animals, it was found that stress (e.g. housing conditions) had a 

suppressive effect on the immune system. For example in dairy claves, the 

group that was housed in smaller stalls was found to have reduced 

lymphocyte proliferation in comparison to the group that lived in larger 

stalls (Sanford et al. 2002). 

Although the mechanism through which early life stress can affect immune-

response is not well- investigated so far, recently some studies have pointed 

out the association between depression as a by-product of stress and the 

innate immune response (Hughes et al. 2016). Evidence has been 

accumulating that stress-related depression is associated with elevated 

cytokines (e.g. IL-6) concentrations in blood (Hughes et al. 2016). In human, 

it has been shown that early life stress such as military deployment plays a 

crucial role in the development of depression which may lead to an increase 

in the production of T-cell inflammatory cytokines (Hughes et al. 2016).  

 

Early life stress and epigenetics  

Exposure to stress in early stages of life was found to cause epigenetic 

modifications (Jensen, 2013). As the genome begins shaping in the early 

stages of life (Jensen, 2013), aversive early experiences might result in 

modifications in gene expression via epigenetic modifications (Goerlich et 

al. 2012). Epigenetics can be defined as the study of accessory chemical 

modifications on the DNA structure. These modifications can occur by DNA 

methylation or histone modifications which orchestrate gene expression and 

are persistent throughout cell divisions (Skinner & Guerrero-Bosagna, 

2010). Most focus has been directed to two phenomena: methylation of 

cytosines in CpG islands and various alternations of histones, such as 

methylation and acetylation (Richards, 2006). In rat pups, juveniles exposed 

to low nursing behaviour from the mother, had alternations in their 

epigenome in comparison to the animals exposed to high nursing behaviour 
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from the mothers. Even more, the effect of low nursing behaviour as an early 

life stressor were persistent throughout life (Weaver et al. 2004).  

The modifications that might occur as a result of early stress regarding the 

epigenome can be transmitted to the offspring and last over several 

generations (reviewed by Joëls et al. 2007; Kim et al. 2009; Franklin and 

Mansuy, 2009). For example, alternations in DNA methylation of many 

genes were observed in the sperm of mice three generations after the 

ancestors experienced early life stress (Franklin et al. 2010). Recent reports 

in rodents have shown that juvenile or adult exposures could generate 

alterations in the germ line with consequences in future generations. An 

example of this phenomenon include: exposure of juvenile male mice to low 

protein diets, which produces alterations in the liver transcriptome of the 

offspring (Carone et al. 2010). In all the cases the transgenerational 

transmission of stress effects is thought to be mediated by epigenetic 

alterations in the paternal germ line. However the mechanisms through 

which paternal exposures would affect epigenetic marks in the sperm are not 

known so far.   

 
 

 

 

 

 
 

 

 
 

 

 

 
 

 

 

 

 

 
 

 

 

 
Figure 1. Illustration summarizing the effect of stress on different physiological 
processes. 
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In the present study, I aim to investigate short and long-term effects of early 

life stress on chicken physiology and behaviour, by comparing animals 

subjected to isolation stress with the untreated control group and an 

enrichment group. Short term effects were assessed by IL-6 levels as an 

indicator of immune-system response and weight, while long-term effects 

were assessed by immune-system response, weight and behaviour tests. 

In addition, I aim to establish a new protocol to study epigenetics 

represented in DNA methylation changes in chickens. In my current 

experiment, this method will be used to compare the short and long-term 

effects of the social isolation on RBCs DNA methylation. Moreover, in 

order to identify potential transgenerational effects, I aim develop a method 

to extract sperm cells from frozen testis. 

3. Materials and methods 

3.1.  The experimental set-up 

At the age of one day, 82 male chickens were wing marked with an ID and 

assigned to three different groups; stress, control and enrichment. The three 

groups were housed under the same conditions (12 hrs light, 12hrs dark, 28 

°C) and had a free access for feed and water. On the age of 4 days, birds 

from stress group were exposed to social isolation as a stress treatment. The 

treatment lasted for three week with increasing the time an hour per week to 

avoid habituation. During the treatment, the birds were placed individually 

in the social isolation mesh boxes (25x28x18) where they had vocal contact 

with limited sight and no physical contact with other birds. Aside from the 

social isolation, the birds were exposed to a combination of stressful 

conditions, such as handling, no access for feed and water. In addition, the 

difference of the temperature between the housing hens and the testing room 

could be considered as a stressful condition as well. Regarding the stress 

group, as the stress period increased an hour per week, the food restriction 

and water deprivation periods increased also gradually from one week to the 

next. Simultaneously with the stress treatment, the enrichment group was 

provided with three level perches and some wooden cubes that were 

distributed all over the pen. The purpose of providing the enrichment group 

with positive treatments was to compare it with the negative treatment of the 

stress group that was represented in social isolation. Meanwhile, the control 

group was kept away from any stressor apart from a weekly treatment to 

obtain measure body weights, which was done for birds from all groups. 

3.2.  Sample collection 

At the age of four weeks (i.e. at the end of stress treatment), eight birds per 

group were culled in order to check for the short term effects of stress. Blood 
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samples and body weight measurements were obtained (Figure 2). At the 

age of six months, when birds reached sexual maturation, blood samples and 

body weighs were obtained. Moreover, some behaviour tests was conducted 

in order to investigate whether the effect of early stress in life (social 

isolation) has lasted in adulthood. 

The blood was centrifuged immediately after sampling in order to separate 

erythrocytes (red blood cells) from the plasma. The plasma was used for 

ELISA analysis to detect Interleukin-6, while the red blood cells were used 

for obtaining the genomic DNA for methylation analysis. For the DNA 

methylation analysis, birds of the age of 4 weeks (i.e. culling week) were 

classified as young group. On the other hand, sexually mature birds at the 

age of six months were classified as adult group. 

3.3.  Behaviour tests 

In order to assess the long-term effects of early stress in life on chickens, 

two behavioural tests were done on adult chickens (after reaching sexual 

maturity) (Ericsson et al. 2016). Novel object test was performed in order to 

test the exploratory behaviour, while the emergence test was conducted in 

order to measure fearfulness level and anxiety. The emergence test used was 

a modified version of the light- dark emergence test that is usually used on 

rats (Bourin & Hascoët, 2003). 

In order to prepare for the behavioural tests, two big pens were built. The 

birds were moved to the new pens 24 hours before the behavioural tests took 

place for habituation. An extra testing arena was built in the same room for 

behaviours testing. A video camera was placed in the room for behaviour 

recording, during the novel object and the emergence tests respectively. 

After both tests took place, the birds were returned to their home pen to 

avoid social isolation. The birds were picked randomly for the test to avoid 

being biased on the group level. The ID of each bird was checked after the 

two tests were done to identify the group.  

Emergence test 

The birds were placed individually in a closed cardboard box measuring 70 

x 27 x 29 cm. The box had a guillotine-type door that was raised after two 

minutes of placing the bird in the box for habituation. Then two 

measurements were recorded; (i) the latency for head emergence (HE), 

which was defined as the time the bird took till the head emerged out of the 

box and (iii) the latency for the full body emergence (FE), which was 

defined as the time the bird took till the full body is emerged out of the box. 

If the bird did not emerge within five minutes, it was assigned the highest 

score of 300 seconds. 



8 

 

Novel object test 

In the testing arena, the lights were switched off and, a red aluminium can 

was placed in the centre of the arena facing the bird. After two minutes of 

placing the bird inside the arena, the lights were switched on, so that the bird 

would recognize the can then I start record the behaviour. Behaviour 

recording (Table1) was done using 1/0 sampling method (i.e. if case of 

occurrence of the behaviour, it is marked as one, whereas, in case of not 

occurring the behaviour, it is marked as zero), with 10 seconds interval and 

every bird was recorded for five minutes. 

Table1. Ethogram used for recording the observed behaviours in novel object 
test based on a standard ethogram in my research group (Eklund & Jensen, 
2011). 

Behaviour Description 

Stand Stands with alert or reduced attention to 

surrounding 

Sit Legs bent under body, alert or reduced attention, 

eyes may be partly closed, neck short, no alert head 

movements 

Head movements Moving head in explorative ways, scanning the 

surrounding 

Active Moving forward or backwards in the test arena 

Ground peck Distinct peck on ground, not performing during 

foraging 

Vocalize Cockerel crowing 

Wing flap Flaps wings while standing or ground or perch 

Escape Attempt to escape out from the test arena by 

jumping or making fly attempts towards the roof 

Foraging Focus on the floor, pecking and scratching the 

ground 

Peck fence Peck on the metal fence in  

Floor scratching Scratch the arena ground 

Explore object Head close to object of interest, eyes focusing on 

the object 

Manipulate object Use beak to lift, move or otherwise manipulate the 

object 

Object peck Peck object of interest, including fittings in the 

environment 

Moving to object Direct movement towards the object of interest 

Looking to object Directing eyes towards the object of interest 

Stretch Erects leg 
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3.4.  Immune system-response 

To assess cytokine concentration in both young and adult birds, Chicken 

Interleukin 6 (IL-6) ELISA kit (CUSABIO) instructions were followed. The 

kit instructions were applied on the plasma samples of the three groups 

(stress, control and enrichment) from two age stages; young and adults. 

 

 

                     Figure 2. Summarizing the materials and methods. 
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3.5.  Statistics  

Statistical analysis was performed using the software SPSS version 24.0. R 

was used for creating whisker plots. Graph pad prism version (5) was used 

for analysing and creating graphs for the IL-6 data. 

In order to check whether the obtained data is normally distributed, a 

Shapiro-Wilk test was used for all the obtained data. If the data presented 

normal distribution, an ANNOVA test was used. On the other hand, a non-

parametric test was used in case of the not-normally distributed data. 

Body weight data for all the groups was analysed using one way ANNOVA 

test. In case of obtaining significant results, post hoc test was conducted 

immediately after ANNOVA in order to assess the differences in body mass 

between and within the groups. For emergence test data, a non-parametric 

Mann-Whitney U-test was used to compare the head emergence and full 

body emergence latencies between and within the three groups. Regarding 

the novel object test, Principal Component Analysis (PCA) was used in 

order to combine and reduce the number of recorded behaviour. Using the 

new components that resulted from PCA, a non-parametric Mann U-

Whitney test was performed to compare each behaviour individually within 

the three groups. 

For analysing the IL-6 data, Graph pad prism was used to create a standard 

curve and identifying the unknown concentration of the tested samples, then 

a Mann-Whitney U- test followed by a post hoc test was conducted in order 

to measure the differences between the different groups (stress, control and 

enrichment) in both young and adult birds. In all the obtained results, 

differences were considered significant if P < 0.05, a tendency was 

considered if P <0.1. 

3.6.  Epigenetics methods 

At the age of 4 weeks, eight birds were culled per group for testis dissection 

and blood sampling was done. At the age of six months, when birds reached 

sexual maturity, sperm samples were collected in order to check for the 

effect of early stress on the germline epigenome. The blood was centrifuged 

immediately after sampling in order to separate erythrocytes (red blood 

cells) from the plasma. The plasma was used for ELISA analysis 

(Interleukin-6), whereas the red blood cells were used for obtaining the 

genomic DNA which was extracted by DNeasy Blood and Tissue Kit 

(Qiagen). The manufacturer’s instructions were followed with the slight 

modification of incubating the samples at 65 °Cs overnight before the 

protocol was applied. 
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In order to check for DNA methylation changes in different type of cells, 

such as blood and sperms (Table 2) that might arise from social isolation, 

two method were combined. These were Genotyping by sequencing (GBS) 

(Pértille et al. 2016) and Methylated DNA immuno-precipitation (MedIP) 

were used combined using pooled DNA from all individuals for the first 

time. The details of the protocol are described in the supplementary data, 

(protocol.1). After processed, the samples were sent for sequencing to 

SciLife Lab genome in Uppsala. 

3.6.1. Sperms DNA extraction from frozen testis 

Table2. Sperm extraction from frozen testis protocol 

1 Slice the testis into small thin slices 

2 Put the slices in 1,5 ml Eppendorf tube 

3 Add 1 ml PBS 

4 Vortex for 30 seconds 

5 Incubate in the fridge for at least one hour 

6 Pipet out the supernatant in a new 1.5 ml Eppendorf tube 

7 Sonicate for 5 seconds at 60% with the tube kept inside water and ice  

8 Examine under microscope to make sure of the presence of sperms 

9 Centrifuge at 2000 xg for 3 minutes 

10 Pipet out the supernatant in a new 1.5 ml Eppendorf tube, keep it 

11 Resuspend the pellet in 500 ul PBS to examine under microscope 

12 Examine both supernatant & pellet from last step under microscope 

13 Centrifuge once more at 2000xg for 3 minutes 

14 Save the supernatant & discard the pellet 

 

3.6.2. Genotyping by sequencing & Methylated DNA immunoprecipitation 

GBS is a widely used method for genotyping large genomes. It was recently 

applied for the first time in chickens; the method uses restriction enzymes 

for digesting the genome ligation of barcodes to identify genomic material 

from different individuals, and then PCR amplification (Pértille et al. 2016). 

MeDIP, in turn is a well-known method used for detecting DNA methylation 

in the whole genome. The method is based on the use of antibody specific to 

methyl-cytosine to capture the DNA methylated fraction. Originally, the 

method was coupled with microarray hybridization however, by comparing 

against the DNA input in hybridization, the MeDIP was used to detect the 

absolute DNA methylation levels (Guerrero-Bosagna & Jensen, 2015). 

Nowadays, the method is used along with next generation sequencing 

(Guerrero-Bosagna & Jensen, 2015). 
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In my present study, GBS (Genotype By Sequencing) and MEDIP 

(Methylated DNA immuno-precipitation) (Guerrero-Bosagna & Jensen, 

2015).  were combined using pooled DNA from all individuals for the first 

time in order to detect DNA methylation changes in different cell types 

(blood and sperms) in a large number of chickens (Figure 3).For protocol see 

supplement (Table2). 

 

                                                                                        

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

    Figure 3. Summarizing the steps of GBS& MeDIP protocols combined. 

Digest DNA with 

PST1 enzyme 

Ligate adapters to 

the cleaved DNA 

Pool DNA& clean up 

Incubation with 10 

mC antibody 

overnight 

Agarose beads 

capture DNA- 

antibody mixture 

Several washing 

steps& proteinase K 

digestion 

Purifying DNA with 

filter columns 

PCR purification 

GBS 
MeDIP 

NGS, bioinformatics 

analysis 

 



13 

 

4.  Results 

4.1.  Body weight 

In order to estimate short term effects of stress, body weight measurements 

were obtained during different stages of birds’ life; two weeks old (W2), 

three weeks old (W3), after the stress treatment was over at week (culling) 

and when birds reached sexual maturity (adults).  

I conducted one way ANOVA test followed by post hoc comparisons using 

the Tuckey HSD test to compare the effect of stress on body weights during 

different periods of their life, comparing stress, control and the enrichment 

group. The mean of each group in different ages was used to plot the graphs, 

using standard error as a measure of the variation. 

In week 2, a significant difference was detected where [F (2.78) = 4.234, 

P=0.018]. By applying Post hoc comparisons using the Tukey HSD test, the 

significance was detected between stress and enrichment group (P=0.018). 

In young birds (W2, W3, culling), weight in the stress group varied 

significantly from the enrichment group in W2 as it is shown in Figure 4a. 

However there was no significant difference observed during the other 

weeks of stress. The P values for weight comparisons were P=0.416 in W3 

and P=0.374 at culling. In the adult group, there was no significant 

difference in weight between the three groups (P=0.774) as it is shown in 

Figure 4b. 
 

  
Figure 4. Comparison the weights of three (stress, control and enrichment) 
groups in the two period in their life, young represented in different age (2 weeks 
weight of culling) (a), adults, after reaching sexual maturity. Error bars display 
standard error. 

 a  b 
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Table3. Results of the weight data in different ages shown in table. The analysis 
based on ANOVA, where F and P-value are given for weight, the values are 
shown as significant where (p>0.05). 

Age  F P-value 

week 2  

 

4.234        0.018 

week 3  

 

0.887         0.416 

At culling 

 

 1.031 0.374 

adults  0.257          0.774 

4.2.  Behaviour tests 

Emergence test 

Using a Mann - Whitney U test, the data did not show any significant 

difference in head latencies as it is shown in Figure 5a, nor in full-body 

emergence latencies as it is shown in Figure 5b. The difference between the 

groups in head-emergence latencies using Mann-Whitney test was reported 

as following: between stress and control (U= 97.500; P=0.539), between 

control and enrichment (U= 109.00; P=0.902) and between stress and 

enrichment (U= 101.000; P=0.644). 

There were no significant differences in full-body emergence latencies 

between the three groups. P values obtained were as following: between 

stress and control (U= 92.500; P=0.412), between control and enrichment 

(U= 107.500; P=0.838) and between stress and enrichment (U= 101.500; 

P=0.647). 

 

  
Figure 5.Latency in seconds for the head emergence (a) and the full body 
emergence (b) for the three groups (stress, control and enrichment). 
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By dividing the intervals of bird emergence into three intervals (0-100, 101-

200 , >200) as it is shown in Figure 6, there was no significant different in 

intervals of birds for head emergence (Figure 6a) nor in full emergence 

(Figure 6b).The difference was tested using chi-square test. 

Chi-square test was used in order to get more details and investigate whether 

birds from the three groups varied in the time intervals in emergence test. 

The birds from all groups showed no significant difference. However, the 

birds from the three groups (stress, control and enrichment) tended to 

emerge in the interval between (0-100 seconds) in both head and full 

emergence. 

 

 
 

Figure6. A comparison of the number of birds from the three groups for head 
emergence(a) and full body emergence(b) latencies in three different intervals (0-
100 s),(101-200 s) and ( >200 s), all intervals are represented in seconds. 
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Novel object test 

The Mann -Whitney U-test, did not detect behavioural significant 

differences between the experimental groups, as it is shown in Figure 7. 

 

  

  

  

  
Figure 7. Whisker plot showing different behaviours in novel object test and its 
distribution among the three groups (stress, control and enrichment). 
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Novel object test intervals 

In order to get more details and investigate whether birds from the three 

groups varied in the frequency of repeating a specific behaviour, the 

behaviour occurrence frequencies were divided into five intervals (5-10/ 11-

15/16-20/21-25/26-30) as it is shown in Figure 8. The numbers in the 

intervals represent the behaviour frequency. Using chi-square test, the birds 

from all groups tended to repeat behaviours with occurrence frequency from 

5-10 times, such as head movements (b), ground pecking (c), vocalization 

(d), and activity (e). Standing behaviour (a) tended to take place during all 

the intervals.  

 

  

  

 

 

Figure 8. Showing five different intervals for every behaviour individually in the 
novel object test between the three groups (stress, control and enrichment). 
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PCA (principal component analysis) 

Principal component analysis (PCA) was performed in order to cluster the 

recorded behaviours and reduce it. The PCA resulted in four new 

components (Table 4). The components were named and classified 

according to the most contributing behaviour in each component. The values 

above 0.4 were considered significant by SPSS (Table 4). 
 
Table 4. Principal components analysis (PCA) matrix showing component 
loadings of the behaviours in the novel object test. The major behaviours 
affecting each component are represented in bold. The behaviours were 
classified as significant when the PC value was higher than 0.4 

                                Component Matrix 

     Behaviors Activity  Wing-flap  Vocalizing    Explorative 

Active 0.811 -0.443 0.067 -0.011 

Stand -0.749 0.063 -0.353 -0.233 

Escape 0.623 -0.423 -0.025 -0.261 

Vocalize 0.569 0.368 -0.321 0.464 

Ground-peck 0.047 0.843 0.205 0.238 

Head movements -0.508 -0.622 0.110 0.192 

Wing flag -0.196 -0.199 0.784 0.406 

Foraging 0.156 0.418 0.505 -0.649 

 

A Mann-Whitney U test was conducted on each of the new four components 

in order to check the difference of each component in comparison with three 

groups. My data did not show any significant difference between the groups 

as it is illustrated in Figure 8. For component one (activity), the data 

obtained from the Mann-Whitney testing for the differences between the 

three groups as follows: between stress and enrichment (U= 95.000; 

P=0.498), between stress and control (U= 86.000; P=0.188) and between 

control and enrichment (U= 100.000; P=0.468). 

For component two (explorative), the data obtained of Mann-Whitney test 

testing for the difference between the three groups as follows: between stress 

and control (U= 110.000; P=0.711), between control and enrichment (U= 

89.000; P=0.505) and between stress and enrichment (U= 85.000; P=0.275). 

For component three (wing-flapping), the data obtained of Mann-Whitney 

testing for the difference between the three groups as follows: between stress 
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and control (U= 83.000; P=0.151), between control and enrichment (U= 

80.000; P=0.290) and between stress and enriched (U= 106.000; P=0.822).  

For component four (vocalising), the data obtained of Mann-Whitney test 

testing for the difference between the three groups was reported as follows: 

between stress and control (U= 106.000; P=0.59), between control and 

enriched (U= 80.000; P=0.290) and between stress and enriched (U= 87.000; 

P=0.313). 

PCA components: 

For PCA components, as it is shown in Figure 9, my results did not show 

any significant difference in the different behaviours between the groups. 

 

  

  
Figure 9. Whisker plot showing the new four components resulted from PCA 
behaviours were grouped according to their highest PCA loading (Figure 10). 
Activity was the most frequent representing 36% of the bird’s behaviours, 
followed by the explorative behaviour 29% while vocalising came out as the less 
frequent behaviour including 16% of the birds. 

 

a 

d 

b 

c 



20 

 

 
Figure 10. Pie chart showing the variance of the PCA components represented in 
percentages. 

As it is shown for Figure 10, the birds were plotted individually according to 

their PCA values for the first two principal components (PC1: Activity; PC2: 

explorative). PC1 and PC2 were elected as classification axes as they were 

the components which explained the most of the observed variation.  

 

Figure 11. Scatterplot showing the distribution of the behaviours between the   
three different groups (stress, control and enrichment). Using pc1, pc2 as axes 
as they explain the most variance of the behaviours. 
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4.3.  Immune-system Cytokines (IL-6) 

In order to measure and compare IL-6 concentrations levels in plasma 

between the groups, graph pad prism was used to create a standard curve 

with the standard known concentrations. The blank duplicate value was 

averaged and excluded from all the absorbance values including the 

standards. A standard curve was created using the known concentrations of 

standards and the measured absorbance (optical density). This standard 

curve was then used to calculate IL-6 plasma concentrations according to 

absorbance readings. Plasmatic IL-6 concentrations for young and adults 

unknown concentrations of the young and adult as it is shown in Figure 13. 

After obtaining the concentration values for all samples, a Shapiro-Wilk test 

was used to test the normality of the data. It showed that the data is not 

normally distributed. Therefore, a Mann-Whitney U-test was conducted to 

assess the differences and significance between the concentrations of IL-6 in 

the different experimental groups. 

In young birds: 

My results showed a significant difference in plasmatic IL-6 between the 

stress and control groups (p=0.036). Moreover, there was a significant 

difference between the stress and enrichment groups e (p= 0.046), while 

there was no significant difference results between the control and 

enrichment group (p=0.713). As it is shown in Figure 12, stress group had 

elevated IL-6 concentrations in comparison with the enrichment and control 

group.  

In adult birds: 

There was a tendency for a difference in plasmatic IL-6 between the stress 

and control groups (P=0.061). No significant differences were detected 

between the control and enrichment groups (p=0.954), nor between the 

stress and enrichment groups (P=0.101), as it is shown in Figure 12. The 

stress group tended to have more IL-6 concentrations in comparison with 

enrichment and control respectively.  
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  Figure 12. IL-6 concentrations in young birds in the three groups (stress, control 

and enrichment) (a) and adult birds in the three groups (b). 
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Figure 13. IL-6 standard curves showing the samples concentration in young 
group (a) and in adult group (b), where x-axis represents the concentration in 
(ng/ml), y-axis represents the absorbance (O.D). 

4.4. Epigenetics 

Sperm DNA extraction from frozen testis 

I succeeded in developing a protocol to extract sperms from frozen testis. 

DNA samples obtained from these sperm cells had a high yield of 103.7 

ng/ul DNA. For protocol see Table 4. 

DNA blood methylation 

The primary results of sequencing that I received from genome centre in 

Uppsala, suggested detection of too low DNA amount for sequencing. In 

order to identify the problem, I performed qPCR in order to define the 

number of needed cycles. The qPCR results showed a Ct value of 22 cycles. 

Where Ct value is the Point where the reaction curve converges threshold 

line. This point detects the number of cycles it took to detect a real signal 
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form the samples. Taking the obtained Ct value in consider, the number of 

cycles used in the original protocol needs to be increased.  

5. Discussion 

In the present study, I could detect short and long-term effects of early stress 

(social isolation) on chickens. Short term effects were represented in losing 

of body weight in the second week of stress and high levels of IL-6 as an 

indicator of immune-response. Whereas, long-term effects was represented 

in the elevated levels of IL-6 as an immune response in the stress group that 

was persistent throughout life. Nevertheless, my results did not show any 

effect of social isolation on different behaviours, such as explorative 

behaviour and fearfulness behaviour. 

5.1. Body weight 

In the present study, raising chickens under social isolation treatment early 

in life resulted in different effects on bird’s well-being on the short and long-

term. Short term effects were observed in body weight, at age of 2 weeks 

between stress and enrichment group. As the second week of stress 

corresponds with a longer period of food deprivation as the stress period was 

for 2 hours per day, it might have affected the birds in a form of not gaining 

enough body weight. Reduced growth by food deprivation is a well-known 

response of stress as it was studied in rodents (Valles et al. 2000). The cause 

of the reduced growth under stress treatment, is possibly because of the high 

levels of corticosterone (CORT), which is a remarkable factor in inducing 

anorexia (Shibasaki et al. 1988). Exposing Young Zebra finches to CORT, 

resulted in reduced growth rates and a long-term physiological response to 

stress (Spencer et al. 2009). Consistently with my study, Ericsson et al. 

(2016) reported that chickens that were exposed to stress for one week 

during the second week of their life suffered an impaired growth. 

In my study, the first week of stress did not result in any remarkable weight 

changes. This could be due to the shorter period of stress in the first week (1 

hour per day) in comparison with the second week (2 hours per day). 

Therefore, my results differ from the study of Goerlich et al. (2012) where 

early social isolation resulted in an increase in growth rate. Nevertheless, 

although the stress period increased during the third week (3 hours per day), 

I did not detect any difference in body weight. This might be explained by 

the fact that either the birds adapted to the food deprivation or simply that 

stress did not affect them anymore after the second week.  



24 

 

Stress is accompanied by secretion corticosterone, which is an essential 

metabolic steroid that plays a role in lipid metabolism and muscle growth 

(Landys et al. 2006). Therefore, stress might have led to depression in lipid 

metabolism and muscle growth which resulted in weight loss in week 2 

where the stress treatment took place for longer period that first week. 

However, maintaining the weight by developing an adaptive response has 

led to downregulation of the corticosterone levels, whereas lipid metabolism 

and muscle grew back to their original functionality. Unlike the studies of 

Nätt et al. (2009) and Goerlich et al. (2012), my findings did not show any 

significant difference in the body weight of the three groups in adulthood. 

Varying in gaining weight during a specific stage of stress treatment while 

not differ in weight gain in adulthood might be due to that the weight gain is 

controlled by a variety of genes that is differ from early life to adolescence 

(Kerje et al. 2003). Taken together, the growth impairment seems to be only 

a brief temporary response to early stress.  

5.2. Behaviour tests 

Novel object test 

Novel object test was conducted to investigate exploratory behaviour 

between the experimental groups. My findings coincide with those of 

Ericsson et al. (2016) who showed no difference between the groups 

regrading several behaviours. However, my results differed from the 

findings of Goerlich et al. (2012), who detected clear effects of exposing 

young birds to social isolation in early life on adult behaviour and from the 

findings of Marx & Ellendorff (2001), who reported that social isolation is 

associated with more vocalization behaviour. 

 

Emergence test 

Emergence test was performed to assess the fearfulness level between the 

different groups. My results showed no difference between the groups. In 

contrast with the findings of Ericsson et al. (2016) who reported tendencies 

for earlier emerge in the stress group. Early stress by social isolation in 

addition to novelty were found to decrease fearfulness (Salvatierra et al. 

2009). In contrast, my results did not show any difference neither in 

fearfulness level in the emergence test nor in the novel object test. 

My experiment was influenced by some factors that might have affected the 

results obtained. I built two new pens in the testing room where I moved the 

birds 24 hours before conducting the tests for habituation. Due to the limited 
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provided space, I built the two pens for habituation adjacent to each other. 

The presence of another group of birds in an adjacent pen, might have 

caused stress to birds. Moreover, I observed aggressive behaviour between 

birds in the habituation pens which may have gained the attention of the bird 

in the testing arena. This might have also stressed the birds before and while 

conducting the tests, which with its role may influenced my experiment. For 

example, I observed some stress related- behaviours such as vocalizing 

(Marx & Ellendorff, 2001) which might indicate that the birds were stressed 

by the aggressive behaviour of the birds in the other arena and they used 

vocalization as a sign of expressing their stress.  

Another factor that might have affected my results is the light. When the 

novel object started, I switched off the light for two minutes in order to give 

the birds time to habituate. Afterwards, the lights were turned on and the test 

was conducted. The lights were then switched off again for 2 minutes for 

habituating birds inside the emergence test box. The lights were then 

switched on again.  The repetitive switching on/off the lights might have 

caused stress to the birds and might have impacted the results. 

 

5.3.  Immune system response (IL-6) 

IL-6 is an essential cytokine involved in orchestrating immune responses 

(Kishimoto et al. 1995). It is known that IL-6 plays an integral role in the 

acute-phase responses by secreting proteins from the liver along together 

with activating the HPA-axis (Hughes, et al. 2016). In my study, I measured 

IL-6 concentrations in birds from the different experimental groups to 

investigate the effects of social isolation on immune responses.  

My findings showed that social isolation early in life was shown to have 

short and long-terms effects on immunity. IL-6 concentrations were found to 

be significantly high in the stress group in comparison to enrichment group 

in young chickens. In addition a tendency for differences between the same 

groups was found in adult chickens. This, means that the immune response 

has been affected by early stress, and that stress can increase diseases 

vulnerability, as it reduces the immune-response. The mechanisms through 

which early stress can affect the immune-response are not clear. 

Nevertheless, theories suggest that stress might cause depression which 

might affect immune response (Hughes et al. 2016). Hughes et al. (2016) 

suggested that stress has a negative effect on the immune response, which 

can be expressed in depression symptoms. Particularly, the early stress 

results in a chronic inflammatory state which would be a consequence of the 
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stress. This state may result in activation and dysregulation of the innate and 

adaptive immune response by increased Il-6 plasmatic concentrations.  

In my experiment, social isolation may have led to depression in the stressed 

group which resulted in elevated IL-6 plasmatic levels as an immune-

response to stress. As it was reported in some studies (Jensen, 2013), 

environmental enrichment can lead to improvements in the mental state of 

animals, as it allows them to perform more of their normal behaviours. In 

addition to helping them in memory recovery even after incidence of 

neuronal loss and brain atrophy and in developing stress-coping 

mechanisms. In a similar way, environmental enrichment may have 

enhanced the immune-system response of the enrichment bird which led to 

lower concentrations of IL-6 in comparison with stress group. 

In the present study, the effects of stress and environmental enrichment 

lasted into adulthood phase. Taken together, it can be concluded that early 

stress in life affected chickens on the short and long-term. In an opposite 

way, the positive environmental enrichment has led to maintaining the 

immune system response in a good state.  

 

5.4. Epigenetics 

Spermatogenesis and DNA methylation 

Early stress in life was shown to have transgenerational effects over several 

generations (Franklin et al. 2010). DNA methylation changes were detected 

in sperm of mice that were exposed to stress in early life over three 

generations (Franklin et al. 2010). Transgenerational effects of stress is 

suggested to be transmitted from parents to offspring through germline 

(Jensen, 2013). 

Recent reports in rodents have shown that juvenile or adult exposures could 

generate alterations in the germ line with consequences in future 

generations. Examples of this phenomena include: exposure of juvenile male 

mice to low protein diets, which produces alterations in the liver 

transcriptome of the offspring (Carone et al. 2010); fear conditioning of 

adult male mice with an odorant, which has consequences in the neural 

anatomy in the next two generations (Dias & Ressler, 2014); and paternal 

stress in male mice, which affects the hypothalamic–pituitary–adrenal 

(HPA) axis and micro RNA expression in the offspring (Rodgers et al. 

2013). In all these cases the transgenerational transmission of stress effects 

is thought to be mediated by epigenetic alterations in the paternal germ line. 
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Therefore, there is a suggestion that early stress in parents that results in 

alternations in behaviour can be transmitted to the offspring through the 

germline (Jensen, 2013). 

In the present study, I aimed to investigate the DNA methylation changes 

that might occur as a result of social isolation in different stages of 

Spermatogenesis process; (spermatogonia: early stage in spermatogenesis, 

sperm: late stage of spermatogenesis).  

I could not isolate the spermatogonia which might be due to the young age 

of birds at the point of testis dissection.  

Due to the lack of spermatogonia extraction for DNA methylation changes 

detection, I excluded investigating sperm DNA methylation changes in adult 

birds based on the lack of comparison. 
 

Blood DNA methylation 

The impact of stress on DNA methylation has mostly been reported in the 

brain. However, it is interesting to analyse the methylation alternations in 

different types of cells for example, red blood cells. An effect of early stress 

effects on the epigenome of blood cells was reported in few studies. For 

example, exposing adult rat pups to traumatic conditions in early life, 

resulted in microRNA profile alternations in blood, brain and spermatozoids 

in adulthood (Gapp et al. 2014). In humans (Malan‐Müller, 2014) and 

monkeys (Provencal et al. 2012) individuals that were exposed to stress in 

early life, had changes in DNA methylation of peripheral blood cells.  

In chickens, red blood cells (RBCs) are nucleated (i.e. contains DNA) 

Therefore, RBCs facilitates represents an easily obtainable and pure cell type 

that facilitates the determination of DNA methylation patterns in chicken 

blood. However, RBCS have a life cycle of three months after which they 

are degraded and regenerated. Therefore, epigenetic effects in RBCs could 

vary if measured soon after an environmental exposure has ended, or later in 

life. 

GBS, MeDIP 

In order to investigate DNA methylation changes that might occur in blood, 

GBS and MeDIP were used combined using pooled DNA from all 

individuals for the first time in my study. GBS is a widely used method for 

genotyping in species with a large genome. The method was first developed 

in maize (Elshire et al. 2011). GBS has many advantages, such as that it is 

specific, fast and simple in addition to that it inquires relevant regions of the 

genome that are undetectable by sequence capture approaches (Pértille et al. 
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2016). The method was reported in chickens using restriction enzymes 

which produce a suitable genomic cutting range for the chickens, whereas 

MeDIP is a method for detecting DNA methylation by using antibody to 

capture the methylated fractions. In my study, a combination of both 

methods (GBS & MeDIP) was conducted using pooled DNA from all 

individuals for the first time.  

A combination of both methods has many advantages such as using large 

number of animals in one analysis. Moreover, Itis a cost effective manner 

for DNA methylation detection and sequencing. In addition to it is a reliable 

methods for SNP profiling in chickens. Regarding the problems I received 

reporting detection of too low DNA amount for sequencing, I suggest 

increasing the number of cycles used in PCR reaction. Moreover, the 

reported problems might have been due to additional reasons, such as, the 

presence of factors that might inhibit the PCR reaction, such as salt (i.e. 

NACL used in the last step of MeDIP). Therefore, I suggest increasing the 

number of cycles used in PCR and applying extra washing steps using 

ethanol 70% in order to avoid inhibition of PCR reaction. 

 

6. Conclusion 

In conclusion, my findings suggest that aversive stimuli early in life, such as 

social isolation can lead to short term effects that were observed in body 

weight as well as to long-term effects that were represented in elevated 

levels of Il-6 as an indicator of disorders in the immune-system response. 

Environmental enrichment was shown to have positive effects on the 

immune system of birds on the short and long-term. Therefore, I highly 

recommend providing animals with an enriched environment. Taken 

together, I emphasis the relevance of studying the early life stress effects on 

immune system-response. 

In addition, the present study pinpoints the possibility of combining two 

methods (GBS, MeDIP) for detecting DNA methylation followed by 

sequencing with many advantages, such as the low cost, effectivity in SPN 

profiling as well as using large number of individuals. However, for better 

results in the future, I suggest increasing the number of cycles of qPCR in 

addition to applying more washing steps in order to avoid inhibition 

reactions during PCR. 
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9. Supplementary information 

 Supplementary table 1. Sperm extraction from frozen testis protocol 

1 Slice the testis into small thin slices 

2 Put the slices in 1,5 ml Eppendorf tube 

3 Add 1 ml PBS 

4 Vortex for 30 seconds 

5 Incubate in the fridge for at least one hour 

6 Pipet out the supernatant in a new 1.5 ml Eppendorf tube 

7 Sonicate for 5 seconds at 60% with the tube kept inside water and ice to 

get rid of all the somatic cells 

8 Examine under microscope to make sure of the presence of sperms 

9 Centrifuge at 2000 xg for 3 minutes 

10 Pipet out the supernatant in a new 1.5 ml Eppendorf tube, keep it 

11 Resuspend the pellet in 500 ul PBS to examine under microscope 

12 Examine both supernatant& pellet from last step under microscope 

13 Centrifuge once more at 2000xg for 3 minutes 

14 Save the supernatant &discard the pellet 
 

Supplementary table 2. Genomic DNA extraction 

1 Pipet 20 ul proteinase K into a 1,5 ml micro centrifuge tube 

2 Add 10 ul anticoagulant-treated blood, adjust the volume to 220ul PBS 

3 Add 200 ul Buffer AL. Mix thoroughly by vortexing 

4 Incubate blood samples overnight at 56 °Cs 

5 Add 200 ul ethanol (absolute100%). Mix thoroughly by vortexing  

6 Pipet the mixture into a DNeasy Mini spin column placed in a 2ml 

collection tube 

7 Centrifuge at 6000xg for 1 min. Discard the flow-through and 

collection tube 

8 Place the spin column in a new 2 ml collection tube 

9 Add 500ul Buffer AW1. Centrifuge for 1 min at 6000xg. Discard the 

flow-through and collection tube 

10 Place the spin column in a new 2 ml collection tube, add 500ul Buffer 

AW2 

11 Centrifuge for 3 mins at 20,000xg.Discard the flow-through and 

collection tube 

12 Transfer the spin column to a new 1.5 ml microcentrifuge tube 

13 Elute the DNA by adding 200 ul  Buffer AE to the center of the spin 

column membrane 

14 Incubate for 1 min at room temperature(15-25 °Cs) 

Centrifugr for 1 min at 6000 xg 
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Protocol 1 

 

GBS& MeDIP protocol 
 

GBS  

Preparing adaptors: 

Incubate DNA samples overnight for 16 hrs with Pst1 in order to perform 

the pst1 digestion step which is a different from (Pértille et al. 2016). 

Protocol. The DNA digestion was performed in total volume of 30 ul.  

The DNA concentration differed from the adult to the young. 

The total volume include 400 ng of DNA, 1 ul PST1 restriction 

enzyme(10u/ul; Thermo Scientific), 3 ul 10x buffer O and ultrapure(UP) 

water by Milli-Q per sample. That was the concentrations for the adults, for 

the young I had to double the amount of the DNA as for the adults I had 48 

samples while for the young I had 24 samples. So the used DNA 

concentration was 800ng. 

Then the mixture was left for incubation overnight for 16 hrs at 37 °Cs then 

followed by 20 mins at 85 °Cs in order to inactivate the enzyme and stops 

the reaction.  

In the second day, the samples were dried at 55 °Cs. A 2% agarose gel was 

done in order to verify the DNA digestion by using low mass ladder 

(Invitrogen), gel red, loading dye. 

After the samples were complete dried, 10 ul of the adaptors solution was 

added, each adaptor had a different barcode. The plate was incubated with 

the barcodes for 30 minutes at room temperature using a plate shaker in 

order to be sure that a complete resuspension of the DNA happened. 

 A ligation was done on the 10 ul DNA- adapter mix in a total volume of 30 

ul, the ligation was done in a combination with T4 DNA ligase (400 U; New 

England, T4 DNA buffer and the volume was completed by water. The 

ligation was done for 2 hours at 22 °Cs, followed by 30 minutes at 65 °Cs in 

order to inactivate the T4 DNA ligase and stop the reaction. 

After the ligation was performed, 11 ul aliquots were pipetted out of each 

ligation reaction for the pool preparation. By following the instructions of 

the QIAquick PCR Purification Kit (Qiagen), the samples were purified. As 

a final step, the samples were eluted using 70 ul distilled water.  

Instead of doing a PCR immediately afterwards as it was performed in the 

last GBS, I developed the method by doing the MeDIP on the pooled 

samples and then run the PCR in order not to lose the methylated patterns by 

amplification. 
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Supplementary 1. A gel picture showing the samples digestion using 1ul of Pst1 
Restriction enzyme as an indicator of the success of Pst1 Restriction in the 
digestion process and the success of the first day of GBS 

MeDIP 

Incubation of the DNA with an antibody 

By using 9 ug of the DNA in the young case and 8 ug DNA in the adult case. 

330ul of TE buffer (10mM Tris- HCL, PH 7.5, 1m M EDTA) was added to 

the digested DNA followed by a denaturation step at 95 °Cs for 10 minutes. 

As a first step in MeDIP, the DNA sample was immediately cooled on ice 

for 5 mins afterwards. After the cooling, 100 ul 5xIP buffer (100 m M Na-

phosphate PH, 7, 5 M NaCL, 250 ul Triton X-100) was added to the 

denaturated DNA. After this step, 10 ug of anti-methyl cytosine antibody 

(Diagenode) was added as I doubled the amount of the antibody that was 

used in the previous protocols (Guerrero-Bosagna& Jensen, 2015). After 

adding the antibody, the mixture was incubated at 4 °Cs under constant 

rotation overnight. 

Binding of agarose beads to the DNA- antibody mixture 
160 ul ( doubled the amount) of resuspened agarose beads ( Santa Cruz 

Biotechnology) were transferred to a new 1.5 ml Eppendorf tube and 

centrifuged for 2  minutes at 4 °Cs at 6000 rpm. After removing the 
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supernatant, 500 ul of the DNA- antibody mixture was added to the beads, 

then incubated for 2 hours under constant rotation at 4 °Cs.   

 

Washing and proteinase K digestion of the DNA antibody mixture 

After the incubation, a repeated washing steps three washing steps were 

performed with 1 ml 1xIP. Each washing step consisted of 5 minutes 

incubation step at 4 °Cs under constant rotation, then centrifugation for 2 

mins at 4 °Cs at 6000 rpm. In the last washing step, the pellet of the beads in 

the last centrifugation step was resuspended in 210 ul digestion buffer. Then 

20 l proteinase K (20mg/ml) was added to the resuspened beads. Then an 

incubation step was performed for 2 hours on a rotating platform at 55 °Cs.  

DNA purification  
The DNA was filtered using the Pierce spin-filtering columns (Thermo 

Scientific) at maximum speed for 30 seconds. Then the column was 

discarded and the flow through was kept. For the kept flow through, 3 ul 

glycogen (5mg/ml) was added and mixed well. 20 ul ice cold NaCl (5M) and 

750 ice cold absolute ethanol (100%) was added and all was mixed well. 

The DNA precipitation was done on ice for 30 minutes then the mixture was 

centrifuged for 30 minutes at 14,000 rpm, the supernatant was discarded and 

the pellet was kept. The samples were completely dried in a heating block at 

50 °Cs for 5 minutes then resuspened in 30 ul water. The DNA 

concentration was measures using Nano drop. 

PCR 
The PCR amplification was done using a total volume of 60 ul consisting of 

27ul of the pooled DNA 20 ul Dream Taq PCR Master Mix (Thermo 

Scientific), 1.5 ul primer A (20 mM), 1.5ul primer B (20 mM).  A negative 

control was also run by substituting the DNA with distilled water. Also a 

positive control was done by running the GBS on the samples but not 

perform MEDIP on it.  

The PCR amplification was done as following: 72 °Cs for 5 minutes, 98 °Cs 

for 30 seconds then was followed by 18 cycles of 98 °Cs for 10 seconds, 65 

°Cs for 30 seconds and 72 °Cs at 30 seconds. A final extension step was 

performed at 72 °Cs for 5 minutes to complete the PCR reaction. 

In order to verify the PCR product fragments of size between 200 and 500 

base pairs (bp), a 2 % agarose gel was run with the positive and negative 

controls. The gel did not show much, so it was incubated for one hour with 

sybergold (5 ul syber gold dissolved in 50 ml Tb buffer) on a shaking 

platform in the darkness. 
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PCR product purification 

The PCR product was purified using the A gencourt AMPure XP PCR 

purification kit (Beckman Coulter).  The product of purifying he samples, 

were resuspended in 30 ul water and then the DNA concentration was 

measured using Nano drop in order to check the quality and quantity of the 2 

samples(young, adults) . The samples were sent for sequencing using the 

Qubit fluorimeter and Agilent 2100 Bioanalyzer.  

 

Quantitative real-time PCR (qPCR) 

QPCR was performed in order to detect the target sequence in the samples, 

the success of the PCR is measured by the fluorescent accumulation. 

The Point where the reaction curve converge threshold line is known as the 

Ct value. This point detects the number of cycles it took to detect a real 

signal form the samples. 

qPCR was performed in triplicates in a total volume of 25ul Containing 5ul 

DNA, 0.625 ul primer A, 0.625ul primer B, 12,5 ul SYBER Green, 6,25 ul 

water The qPCR program was set in light Cycler 480 real-time PCR 

machine (Roche Diagnostics GmbH, Mannheim) with an initial heat 

activation step, followed by denaturation, annealing and elongation step. 

Level of fluorescence intensity was measured at the end of every cycle to 

determine the amount of cycles needed to exceed the threshold value, to 

determine the specificity of the PCR products, a melt curve was attained 

with a Ct value of 22 cycles. 

 

 

Summary of protocol (1) 

 

GBS (Genotyping by sequencing) 

Preparing of the samples 

1- Samples was measured using (Qubit “Flurometric Quantification” ) and 

Nanodrop for confirmation 

2- 400 ng DNA for 48 samples and 800 ng DNA for 24 samples was used as 

an input  
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Cleavage reaction 
1- Prepare the reagents 

material Amount 

DNA 400ng 

PST1 1ul 

Buffer 10x 3ul 

Up H2O          

  

Total volume 26 ul 

 

2- Vortex and spin 

3-  incubation was performed at 37 °Cs for 16 hours and 85 °Cs for 

20`(activity and deactivation temperature of PST1 restriction enzyme, 

respectively) 

4- Verification of DNA cleavage ws performed in 2% agarose gel using the 

low DNA mass ladder to verify the DNA smear 

5- Samples were dried at 50 °Cs for 3 hours or till full drying. 

Binding reaction 
1- Add 10 ul of working solutions adaptors to the dried DNA from last step. 

2- Incubate for 30 mins at room temperature for optimal DNA resuspension 

using a plate shaker. 

 

Ligation 

 
1- Binding mix was added as following 

material Amount 

10XT4DNA Buffer 3ul 

T4DNA ligase(400U) 1ul 

H2O 15ul 

Total volume                    19ul 

Adaptor +DNA                 11ul 

Total volume                    30ul 

 

2- Vortex and spin 

3- Incubate the plate at 22 °Cs for 2 hours and 65 °Cs for 30` 
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Pooling the samples 
1- two pools were prepared one with 24 samples, the other with 48 samples 

2- each pool was prepared as following: 

a- 11ul of the bounded material of each sample , totalling 240ul plus 5 

volumes of the binding Buffer PB was provided by  QIA quick PCR 

purification kit (QUIAGEN), totalling 1,440ul(240ul DNA+ 1,200ul of 

PB) per pool 

b- Vortex and spin 

c- The purification steps were followed according to the manufactured 

protocol 

d- Using two columns, the samples were resuspended in 80ul Buffer EB 

e- Speed vac used to dry the samples 

f- Respsunded in 70 ul of distilled water or Buffer EB 

 

 

MEDIP (Methylated DNA immune-precipitation) 

Day1 

Incubation of the DNA with an antibody 

1- Use 9 ug of the DNA in the young case and 8 ug DNA in the adult case.  

2- Add 330ul of TE buffer (10mM Tris- HCL,PH 7.5, 1m M EDTA) to the 

digested DNA  

3-  Denaturate the DNA  at 95 °Cs for 10 minutes 

4-   Immediately cool on ice for 5 mins  

5-  Add 100 ul 5xIP buffer (100 m M Na-phosphate PH,7 , 5 M NaCL, 250 

ul Triton X-100) to the denaturated DNA.  

6- Add 10 ug  of anti-methyl cytosine antibody( Diagenode)   
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7-  After adding the antibody, the mixture was incubated at 4 °Cs under 

constant rotation overnight. 

Day2 

Binding of agarose beads to the DNA- antibody mixture 

1- Transfer160 ul of resuspened agarose beads (Santa Cruz Biotechnology) 

were transferred to a new 1.5 ml Eppendorf tube.  

2-  Centrifuge for 2 minutes at 4 °Cs at 6000 rpm, discard the supernatant. 

3-  Add 500 ul of the DNA- antibody mixture was added to the beads 

4- Incubate for 2 hours under constant rotation at 4 °Cs.   

Washing and proteinase K digestion of the DNA antibody mixture 

After the incubation, a repeated washing steps three washing steps were 

performed with 1 ml 1xIP.  

Each washing step consisted of: 

1- Add 1ml 1xIP 

2-  Incubate for 5 mins at 4 °Cs under constant rotation 

3- Centrifuge for 2 mins at 4 °Cs at 6000 rpm.  

4- In the last washing step, the pellet of the beads in the last centrifugation 

step was resuspended in 210 ul digestion buffer. 

5-  Add 20 ul proteinase K (20mg/ml) to the resuspened beads.  

6- Incubate for 2 hours on a rotating platform at 55 °Cs.  
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DNA purification: 

1- The DNA was filtered using the Pierce spin-filtering columns (Thermo 

Scientific) at maximum speed for 30 seconds.  

2- Discard the column,keep the flow-through 

3- To the kept flow through, add 3 ul glycogen (5mg/ml) and mixed well.  

4- Add20 ul ice cold NaCl (5M) and 750 ice cold absolute ethanol (100%) 

was added and mix well. 

5-  The DNA precipitation was done on ice for 30 minutes 

6-  Centrifuge the mixture for 30 minutes at 14,000 rpm, discard the 

supernatant and Keep the pellet 

7- . The samples were completely dried in a heating block at 50 °Cs for 5 

minutes  

8- Resuspened in 30 ul water.  

9- The DNA concentration was measured using Nano drop. 

Polymerase chain reaction (PCR) 

PCR was performed after the MEDIP was done as following 

 

Reagent Amount 

 Dream Tag 30ul 

Primer A 1.5ul 

Primer B 

DNA 

1.5ul 

27ul 

  

Total volume                  60ul 
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PCR program in the thermal cycler 

 

Step 1 - 72 °C per 5` 

Step 2- 98 °C per 30` 

Step 3- 98 °C 10` 

Step 4- 65 °C 30` 

Step 5- 72°C 30`  

Step 6 go to step 3 and repeat 18 times 

Step7- 72°C per 5` 

Step8- 4°C 

PCR purification 

The purification of the PCR for sequencing was carried out through 

Agencourt@XP Ampure MANUFACTURED PROTOCOL using 1.5ul Of 

Agencourt AMpure XP reagent to each 1 ul of PCR product. 

Running a gel 

A 2%agarose gel run with the purified library pools and ladder was 

performed to verify the fragments size and succeed in the PCR purification 

step(should eliminate the ~50bp fragment corresponding to the unlinked 

primers. 
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Supplementary table 3. Results of U-Mann Whitney test on latencies for head 
and full body emergence. Where 1, 2, 3 represents stress, control and 
enrichment respectively 

Variable Group 

 

Group Std. Deviation Sig. 

 1    

Full emergence 1 2 171,485 ,405 

  
3 183,858 ,647 

 
2 1 171,485 ,405 

  
3 149,158 ,835 

 
3 1 183,858 ,647 

  
2 149,158 ,835 

Head emergence 1 2 155,694 ,532 

  
3 171,358 ,632 

 
2 1 155,694 ,532 

  
3 150,045 ,884 

 
3 1 171,358 ,632 

  
2 150,045 ,884 
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Supplementary table 4. Results of U-Mann Whitney test on the PCA new 
components Where 1, 2, 3 represents stress, control and enrichment respectively 

PCA-Variables Group  Group 

Std. 

Deviation 

Sig

. 

Activity 1 2 ,91

219057 

0,1

79 

3 ,96

241745 

,48

0 

2 1 ,91

219057 

0,1

79 

3 1,1

3340582 

,45

1 

3 1 ,96

241745 

,48

0 

2 1,1

3340582 

,45

1 

Explorative 1 2 ,97

302444 

,69

3 

3 1,0

7509300 

,26

2 

2 1 ,97

302444 

,69

3 

3 ,95

130738 

,48

5 

3 1 1,0

7509300 

,26

2 

2 ,95

130738 

,48

5 

Wing flag 1 2 1,0

0414135 

,14

4 

3 1,0

8742012 

,80

3 

2 1 1,0

0414135 

,14

4 

3 ,89

050974 

,27

5 

3 1 1,0

8742012 

,80

3 

2 ,89

050974 

,27

5 
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vocalise 1 2 1,0

3145310 

,58

0 

3 1,0

8330013 

,29

9 

2 1 1,0

3145310 

,58

0 

3 ,86

816548 

,27

5 

3 1 1,0

8330013 

,29

9 

2 ,86

816548 

,27

5 

 

 

 


