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Summary 
Based on a variety of studies investigating brain function in birds, it is now clear that birds 

possess a ‘social behavior network’, that is homologous to the social behavior network in 

mammals. Because the social behavior network contains steroid receptors, hormones play 

an important role in social behavior. The sensitivity to a certain hormone is determined by 

the expression of the receptor for this hormone. As a proxy for expression of a receptor 

itself, one can quantify amounts of RNA, which reflects gene expression. A very reliable 

method for determining the expression of genes, is the qPCR.  

For isolating RNA, different protocols were tested. A mixed protocol between isolation with 

trizol and isolation with the RNeasy Plus Microkit (50) gave the best results. After isolation 

of RNA, cDNA was prepared, as cDNA was necessary as starting material for the qPCR. 

For the qPCR, primers were tested for reference genes and for the different steroid 

receptors. The primers for reference genes gave better results than the primers for the 

steroid receptors, but no optimal results were reached yet. Amplification of cDNA started in 

the latest cycles of the qPCR, so it did not become clear if the right primers were used. 

For further investigation, I would suggest to continue using the mixed protocol for RNA 

isolation, and to keep investigating ways to start amplification of cDNA in earlier cycles of 

the qPCR, so it can be determined if the right primers are used.  
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1. Introduction 
 

1.1. The social brain 

Based on a variety of studies investigating brain function in birds, it is now clear that birds 

possess a ‘social behavior network’, that is homologous to the social behavior network in 

mammals. In total, the social behavior network is comprised of six nodes: the extended 

medial amygdala (the medial amygdala and the medial bed nucleus of stria terminalis 

(BSTm)), the lateral septum, the preoptic area, the anterior hypothalamus, the ventromedial 

hypothalamus, and midbrain areas such as the periaqueductal grey (PAG) and various 

regions of the tegmentum. [3][4] Each of the nodes has been implicated in the control of 

multiple forms of social behavior, including aggression, appetitive and consummatory sexual 

behavior, various forms of communication, social recognition, affiliation, bonding, parental 

behavior and responses to social stressors. The nodes are bidirectionally connected and 

each node of the network responds to a variety of stimuli, but each social context and 

behavioral response is associated with a distinct pattern of response across the nodes. [3] 

In birds, the posterior and medial archistriatum is thought to be homologous to the 

amygdala in mammals, because of its connections to the hypothalamus via the 

hypothalamic-occipitomesencephalic tract. A discrete nucleus was found within the 

posterior and medial archistriatium: the nucleus taenia (TnA). [1] Yamamota et al. (2005) 

showed that the TnA is comparable to the mammalian medial amygdala. [2] 

 

1.2.Hormones 

Steroid hormones are important regulators of physiology and behavior. They respond to 

stimuli in the environment and affect the brain. Because the social behavior network 

contains sex steroid-receptors, it is clear that hormones play an important role in social 

behavior. It has been shown that the social environment of a female bird has an influence 

on her endocrine system. These changes in the endocrine system, in turn, have an influence 

on the social behavior and endocrine system of the offspring of these female birds. This can 

be described as maternal effects. [5] 

 In a study by V.C. Goerlich-Jansson (2011), it was investigated if female Japanese 

quail housed under different social conditions, in groups or in pairs, showed differences in 

their levels of hormones. It was found that there were indeed differences in their plasma 

levels of testosterone and corticosterone. [5] If you want to say something about the 

sensitivity to a certain hormone, not only the concentration of this hormone is important, 

but also the expression of the receptor for this hormone. When a bird has a high expression 

of a certain receptor, this bird is more sensitive to changes in the concentration of the 

hormone binding to this receptor. With lower expression of the receptor, the bird becomes 

less sensitive to changes in the concentration of the hormone binding to this receptor. So, 

because significant differences were shown in the levels of hormones in the Japanese quail, 

the question raised if there would also be a difference in the expression of the steroid-
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receptors in the brain. As a proxy for expression of the receptor itself, one can quantify 

amounts of RNA, which reflects gene expression.  

A very reliable method for determining the expression of certain genes, is the qPCR.  

  

1.3. The qPCR 

Real time qPCR is the most sensitive and reliable method for detection and quantification of 

nucleic acid levels. [7] The starting material for this type of PCR is always RNA. [8] So, before 

starting with the actual qPCR, RNA needs to be isolated from the tissue of interest. After 

isolation of RNA, the amount of RNA that is isolated can be measured with the BioDrop. The 

BioDrop not only measures the amount of RNA, but also the A260/A280-value. This value 

gives information about the purity of the sample. A A260/A280-value between 1.7 and 2.2 

represents a pure sample. Low A260/A280-values can be caused by residual reagent 

associated with the extraction protocol, but very low amounts of RNA can also give a low 

A260/A280-value.[9]  It is very important that other forms of nucleic acids, for example 

DNA, are no longer present in the sample, as this could disturb the measurements. To make 

sure of this, a DNase treatment is done after RNA isolation, to destroy DNA.   

 After isolation of RNA and the DNase treatment, cDNA needs to be prepared. cDNA 

is double-stranded DNA synthesized out of a single-strand of RNA. cDNA is made out of RNA 

with reverse transcription. The produced cDNA is the starting material for the actual qPCR. 

The qPCR is used to determine the expression of certain genes of interest. The 

difference between PCR and qPCR is that PCR is just used for amplification of DNA. If you 

want to determine the amount of DNA, you need to prepare an electrophoretic gel. In qPCR, 

a fluorescent dye is added, for example, EvaGreen, which lights up in double-stranded DNA. 

This ensures that the outcome of the qPCR also gives information about the amount of DNA, 

so you can say something about the expression of the genes of interest. Because for most 

genes, there is not a standard amount of expression, it is necessary to include so called 

reference genes. Reference genes are genes that are always present in a standard amount. 

The expression of the genes of interest can then be showed as an amount of expression 

compared with the amount of expression of the reference genes. These values are thus no 

absolute values, but relative values.  

For the qPCR to amplify the cDNA, a few chemicals need to be add to the cDNA 

before starting. The 5x HOT FIREPol EvaGreen qPCR Mix Plus contains all of these chemicals: 

DNA polymerase, qPCR buffer, MgCl2, dNTPs, EvaGreen dye and No ROX dye. Only water 

and the primers must be add.  

First, the primers need to bind at the 3’-side of the cDNA template. After that, DNA 

polymerase can add nucleotides to the template. DNA polymerase always adds nucleotides 

from the 3’-side to the 5’-side. dNTP stands for deoxyribonucleotide triphosphate, referring 

to the four deoxyribonucleotides dATP, dCTP, dGTP and dTTP. The used primers need to 

have the right nucleotide-sequence to be able to bind to the cDNA. When the primers don’t 

bind to the cDNA-strand, DNA polymerase can not add nucleotides to the complementary 

strand, and the DNA can not be amplified.  
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 The outcome of the qPCR is presented with several graphics. The first graphic is the 

amplification graphic. In this graphic, you can see which primers gave a result, so which 

primers gave an actual amplification of the cDNA, and in which quantity. The second graphic 

is the log scale of the amplification graphic. This graphic also shows which primers gave an 

amplification of the cDNA. The most optimal result of the q-PCR would be reached when 

this graphic shows a line that becomes horizontal at a certain point. This would mean that 

the optimal amount of amplification would be reached.  

The last graphics are the melt curve and the melt peak. The melt curve shows the strength 

of the binding of the primers to the cDNA, with a peak at the most optimal temperature. 

The melt peak is used to analyze whether the qPCR has produced single, specific products. 

When the melt peak shows one peak, that means that the qPCR produced a pure, single 

amplicon. When the melt peak shows more peaks, that means that the qPCR produced 

more than one amplicon. This can be caused by the fact that EvaGreen binds to double-

stranded DNA, but is not sequence specific, so it can bind to different nucleotide-sequences, 

producing different qPCR products. [6] 

 

1.4. Goal of the study 

The purpose of this study is to set up a protocol for a qPCR (reverse transcriptase) to 

measure the gene expression of steroid-receptors in the brain of the Japanese quail.  

 

There are four  things that are very important to ensure that the optimal results. We need 

to set up protocols for: 

 How to cut the brain in the right way to get samples from the regions of interest. 

 How to extract the RNA in the best way  to get high quality RNA for the qPCR. 

 Test different primer sequences from the literature. 

 How to execute the qPCR in the right way and find the suitable protocol for each 

primer. 
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2. Materials & methods 
 

2.1 Brain tissue preparation 

For this investigation, brain tissue from Japanese quail (Coturnix c. japonica) was used. 

Before use, the brains were stored by -80 °C. The brains were cut with the Cryostat, in slices 

of 200 µm. After cutting, micropunches of the hippocampus, hypothalamus (POM) and 

amygdala (BnST and TnA) were taken by hand. These micropunches were used to isolate 

RNA from.   

 

2.2 RNA isolation 

Three different protocols for isolating RNA from the brain tissue were tested: The RNeasy 

Plus Micro kit (50), Trizol, and a combination of these two protocols.  

 

2.2.1. The RNeasy Plus Micro kit (50) (Appendix 1) 

The first protocol that was tested was the protocol for RNA isolation with the RNeasy Plus 

Micro kit (50)  The protocol ‘Purification of total RNA from animal and human tissue’ (p24-

30) was used in two different ways. 

 

2.2.1.1. The protocol without adding extra carrier RNA 

2.2.1.1.a. Materials 

The following chemicals & materials were necessary following this protocol: 

 The RNeasy Plus Micro Kit (containing gDNA eliminator spin columns, RNeasy 

minelute spin columns, 1.5 ml collection tubes, 2 ml collection tubes, buffer RLT plus, 

buffer RW1, buffer RPE, RNase-free water, carrier RNA, poly-A and the handbook). 

 Fresh or frozen tissue (no more than 5 mg) 

 TissueLyzer 

 TissueLyzer adapter set 2x24 

 2 ml microcentrifuge tubes 

 Stainless steel beads (3.2 mm) 

 Microcentrifuge 

 BioDrop  

 Pipettes (1000 µl, 200 µl, 2-20 µl)  

 

2.2.1.1.b. Chemicals  

 Β-Mercaptoethanol 

 Ethanol (96-100%) 

 

2.2.1.1.c. Preparations 

Before starting with the actual protocol, a few things needed to be prepared.  

 β-Mercaptoethanol (β-ME) must be added to Buffer RLT Plus before use, 10 µl of β-

ME per 1 ml of Buffer RLT Plus. In this case, 4 tubes were used, and 350 µl of Buffer 
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RLT Plus must be added to each tube. To be sure there was enough buffer, some 

extra buffer was made, so 1750 µl of Buffer RLT Plus was prepared (the amount that 

would have been necessary for 5 tubes). So, 10 µl of β-ME per 1 ml of Buffer RLT Plus 

meant in this case 17,5 µl of β-ME.  

 Before Buffer RPE can be used, 4 volumes of ethanol (96-100%) must be added. Also, 

80% ethanol must be prepared by mixing 24 ml ethanol (96-100%) and 6 ml RNase-

free water. 70% ethanol was prepared by diluting ethanol (96-100%) with distilled 

water.  

 

2.2.1.1.d. Notes to the protocol  

Step 1: One of the things that is very important before starting the protocol, is to be sure 

that the samples don’t weigh more than 5 mg.  

Step 2b: A stainless steel bead with a mean diameter of 3.2 mm was used, instead of a 

stainless steel bead with a mean diameter of 5 mm. The Tissuelyzer II Qiagen was used for 

the disruption and homogenization. After homogenization, the tubes were spun down in the 

Eppendorf Centrifuge 5415C, to get rid of the foam that formed in the tubes.  

Step 10: The amount of RNA was measured with the BioDrop. 1.5 µl of each sample was 

used.  

 

2.2.1.2. The protocol with adding extra carrier RNA 

2.2.1.2.a. Materials 

The same materials were used as in 1.1.a. 

 

2.2.1.2.b. Chemicals 

 Carrier RNA (included in the RNeasy Plus Micro Kit) 

Furthermore, the same chemicals were used as in 1.1.b.  

 

2.2.1.2.c. Preparations 

 The carrier RNA needed to be prepared for use. The carrier RNA (310 µg) must be 

dissolved in 1 ml RNase-free water, so the concentration of this stock solution is 310 

µg/ml.  

 In our test, a working solution of 4 ng/ml was needed. To get to this concentration, 5 

µl of stock solution were added to 34 µl Buffer RLT Plus and mixed by pipetting. After 

that, 6 µl of this diluted solution were added to 54 µl Buffer RLT Plus. This gave the 

right working solution.  

Furthermore, the same preparations were done as in 1.1.c. 

 

2.2.1.2.d. Notes to the protocol 

Step 2: Before starting the disruption and homogenization, 5 µl of the carrier RNA solution 

must be added to the lysate.  

Furthermore, the same notes are valid as in 1.1.d.  
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2.2.2. Trizol (Appendix 2) 

The second protocol that was tested is the protocol for RNA isolation with trizol. The full 

specification of the trizol solution that was used in this protocol, is TriPure Isolation Reagent 

(Roche). This protocol was also tested in two different ways, by removing different amounts 

of supernatant. 

 

2.2.2.1 The protocol with removing 400 µl of the supernatant 

2.2.2.1.a. Materials 

 Fresh or frozen tissue 

 TissueLyzer 

 TissueLyzer adapter set 2x24 

 2 ml microcentrifuge tubes 

 Stainless steel beads (3.2 mm) 

 Microcentrifuge 

 BioDrop  

 Pipettes (1000 µl, 200 µl, 2-20 µl)  

 

2.2.2.1.b. Chemicals 

 Trizol (TriPure Isolation Reagent) 

 Chloroform 

 Isopropanol 

 75% ethanol 

 RNAse-free water 

 

2.2.2.1.c. Preparations 

 75% ethanol must be prepared by diluting ethanol (96-100%) with distilled water. 

 

2.2.2.1.d. Notes to the protocol 

Step 1: Trizol denatures proteins. It creates three layers in the sample: RNA, protein and 

DNA.  

Step 4: After adding chloroform, the 3 layers actually became visible.  

Step 5: For centrifugation, the Microlite RF was used.  

Step 8: Washing was mainly done with 75% ethanol, because ethanol evaporates a lot 

better than isopropanol, and it must be absolutely certain that all of the fluid was 

evaporated before the RNase-free water was added. For each ml of Trizol used in the initial 

step, 1 ml of ethanol must be used for washing. Because 750 µl of Trizol was used in the 

initial step, at least 750 µl of ethanol must be used for washing.  

Step 11: The RNA was again measured with the BioDrop, and 1.5 µl of each sample was 

used.  
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       2.2.2.2 The protocol with removing 200 µl of the supernatant 

2.2.2.2.a. Materials 

The same materials were used as in 2.1.a.  

 

2.2.2.2.b. Chemicals 

The same chemicals were used as in 2.1.b.  

 

2.2.2.2.c. Preparations 

The same preparations were done as in 2.1.c.  

 

2.2.2.2.d. Notes to the protocol 

Step 6: Instead of removing 400 µl of the supernatant, only 200 µl of the supernatant was 

removed.  

Furthermore, the same notes are valid as in 2.1.d.  

 

2.2.3. Mixed protocol  (Appendix 3) 

The last protocol that was tested is a combination of the protocol in 2.2.1, RNA isolation 

with the RNeasy Plus Micro kit (50) and 2.2.2., RNA isolation with Trizol. 

 

2.2.3.a. Materials 

 Fresh or frozen tissue 

 TissueLyzer 

 TissueLyzer adapter set 2x24 

 2 ml microcentrifuge tubes 

 Stainless steel beads (3.2 mm) 

 Microcentrifuge 

 BioDrop  

 Pipettes (1000 µl, 200 µl, 2-20 µl)  

 RNeasy minelute spin columns 

 2 ml collection tubes 

 1.5 ml collection tubes 

 

2.2.3.b. Chemicals 

 Trizol (TriPure Isolation Reagent) 

 Chloroform 

 Ethanol 

 Buffer RW1 

 Buffer RPE 

 RNAse-free water 
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2.2.3.c. Preparations 

 Before Buffer RPE can be used, 4 volumes of ethanol (96-100%) must be added. Also, 

80% ethanol must be prepared by mixing 24 ml ethanol (96-100%) and 6 ml RNase-

free water. 70% ethanol was prepared by diluting ethanol (96-100%) with distilled 

water.  

 

2.2.3.d. Notes to the protocol 

No notes.  

 

2.3. Preparation of cDNA (Appendix 4) 

Before the actual preparation of cDNA, it is necessary to first do a DNase-reaction, to be 

absolutely sure that there is no more DNA present in the samples.  

 

2.3.1. The DNase-reaction 

2.3.1.a. Materials 

 PCR-tubes 

 Pipettes (10 µl, 2-20 µl, 200 µl, 1000 µl) 

 

2.3.1.b. Chemicals 

 RNA 500 ng 

 DNase Ι buffer  1 µl 

 DNase   0,5 µl 

 mQ (water)   

The total amount of each sample must be 15 µl. Because the amount of RNA in one sample 

was measured after the isolation, it was known how much RNA was present per milliliter. It 

could now be calculated how many microliter needed to be add to get to 500 ng of RNA. 

When this was calculated, it could also be calculated how many microliter of mQ needed to 

be add to get to the total concentration of 15 µl.  

 

2.3.1.c. Notes to the protocol 

 The amounts in 1.b are the amounts for one sample. With the amounts of RNA 

measured after isolation, more samples could be made for preparing cDNA. In this 

case, 20 samples were made, so all of the amounts in 1.b must be multiplied by 20 to 

get to the total amount of chemicals you need.  

 When the chemicals are pipetted into the tubes, it is very important to do this in a 

strict order: mQ  DNase Ι buffer  RNA  DNase.  

 

2.3.2. Preparing the cDNA (Appendix 4) 

2.3.2.a. Materials 

 PCR-tubes 

 Pipettes (10 µl, 2-20 µl, 200 µl) 
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2.3.2.b. Chemicals 

 5x Buffer Tscript advanced reaction mix 4 µl 

 Enzym Ι script RT    1 µl 

 RNA sample from the DNase-reaction 15 µl 

 

2.3.2.c. Notes to the protocol 

 In the DNase-reaction, 20 samples were used. 15 µl of each sample was used for the 

preparation of cDNA. 

 The 5x Buffer Tscript advanced reaction mix and the Enzym Ι script RT were prepared 

into a mix. Because 20 samples were prepared, the amounts of these chemicals in 

2.b must be multiplied by 20. To be sure there was enough of the mix, the amounts 

were multiplied by 22.  

 After preparation of the mix, 5 µl of the mix was add to 15 µl of each RNA sample. 

 

2.4.The qPCR (Appendix 5) 

The most important step in setting up a protocol for the qPCR is to determine which primers 

need to be used to get to the optimal result for the respective reference gene/hormone 

receptor. Primers were tested with different concentrations of cDNA in different amounts of 

the total sample. Furthermore, different concentrations of RNA were used in the 

preparation of cDNA.  

 

2.4.1 500 ng RNA in cDNA-reaction; 1 µl cDNA in total concentration of 5 µl 

2.4.1.a. Materials 

 384-wels plate  

 Pipettes (3 µl, 10 µl, 100 µl, 200 µl)  

 

2.4.1.b. Chemicals 

 5x HOT FIREPol EvaGreen qPCR Mix Plus 1 µl 

 Primer F (10 pmol/µl)    0,1 µl 

 Primer R (10 pmol/µl)   0,1 µl 

 cDNA Template    1 µl 

 mQ  

 

2.4.1.c. Notes to the protocol   

 A total mix was made of 5x HOT FIREPol EvaGreen qPCR Mix Plus and mQ. Before 

this mix was made, it was decided that the total amount of each eventual sample 

Primers tested Group 

RPL4_1F + RPL4_1R 
ACTB_1F + ACTB_1R 
PPIA_1F + PPIA_1R 
GAPDH_1F + GAPDH_1R 

Reference genes 
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must be 5 µl. When decided how much of the DNA would be add to the sample, in 

this case 1 µl, it can be calculated how much mQ must be add per sample to get to 

this concentration of 5 µl. 

 Because multiple different primers were tested each time, the primers could not be 

included into the mix. The primers and the cDNA were added after preparation of 

the mix. 

 After the samples were pipetted into the 384-wels plate, the plate was sealed with 

Biorad microseal® ‘B’ seal. After sealing, the plate was microcentrifuged very shortly, 

before it was put in the Biorad CFX384™ Real-Time System C1000 Touch Thermal 

Cycler for the actual qPCR reaction.  

 The following q-PCR program was used: 

 

 

 

 

 

 

 Each primer was double tested, once with water and once with cDNA.  

 

2.4.2. 500 ng RNA in cDNA-reaction; 2 µl cDNA in total concentration of 10 µl 

2.4.2.a. Materials 

The same materials were used as in 2.4.1.a. 

 

2.4.2.b. Chemicals 

 The concentration of each sample was raised to 10 µl instead of 5 µl. This means that 

all of the concentrations in 2.4.1.b. must be multiplied by 2. 

 

Primers tested Group 

Erb_3F + Erb_3R Estrogen-receptor 

AR_1F + AR_1R Androgen-receptor 

PR_1F + PR_1R 
PR_3F + PR_3R 

Progesterone-receptor 

GR_1F + GR_1R Glucocorticoid-receptor 

 

2.4.2.c. Notes to the protocol 

 The total amount of each sample must be 10 µl instead of 5 µl.  

 

2.4.3. 500 ng RNA in cDNA-reaction; 2 µl cDNA in total concentration of 10 µl 

2.4.3.a. Materials 

The same materials were used as in 2.4.1.a. 
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2.4.3.b. Chemicals 

 The concentration of each sample was raised to 10 µl instead of 5 µl. This means that 

all of the concentrations in 2.4.1.b. must be multiplied by 2.  

 

Primers tested Group 

HPRT_1F + HPRT_1R 
PPIA_1F + PPIA_1R 
RPL4_1F + RPL4_1R 
ACTB_1F + ACTB_1R 
PGK1_1F + PGK1_1R 
RPS7_1F + RPS7_1R  
TFRC _1F + TFRC_1R 
YWHAZ_1F + YWHAZ_1R 
ACTB_1F2 + ACTB_1R 
GAPDH_1F + GAPDH_1R 

Reference genes 

Era_1F + Era_1R 
Erb_3F + Erb_3R 

Estrogen-receptor 

AR_1F + AR_1R Androgen-receptor 

PR_1F + PR_1R 
PR_3F + PR_3R 

Progesterone-receptor 

MR_1F + MR_1R 
GR_1F + GR_1R 

Corticosterone-receptor 

VT1R_1F + VT1R_1R 
VT2R_1F + VT2R_1R 

Vasopressin-receptor 

 

2.4.3.c. Notes to the protocol 

 A temperature-gradient was used during the q-PCR. This means that there was no 

constant annealing temperature of 60-65°C, but this temperature varied between 

50-60°C. In this way, some primers were tested at different temperatures, to see if 

there was an optimum temperature for these primers. The primers were tested at 

60°C, 58,4°C, 56,6°C and 50°C.  

 

2.4.4. 500 ng RNA in cDNA-reaction; 7,6 µl cDNA in total concentration of 10 µl 

2.4.4.a. Materials 

The same materials were used as in 2.4.1.a. 

 

2.4.4.b. Chemicals 

 No mQ was used. The concentration of mQ that would normally be added, was 

replaced by cDNA, so in total 7.6 µl of cDNA was added.  

 The concentration of each sample was raised to 10 µl instead of 5 µl. This means that 

all of the concentration in 2.4.1.b. must be multiplied by 2. 
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Primers tested Group 

GAPDH_1F + GAPDH_1R Reference genes 

Era_3F + Era_3R Estrogen-receptor 

MR_1F + MR_1R 
GR_1F + GR_1R 

Corticosterone-receptor 

 

2.4.4.c. Notes to the protocol 

 A temperature-gradient was again used during the q-PCR. This time the primers 

were tested at 60°C, 58,4°C, 55,6°C and 52,5°C.  

 

2.4.5. 1000 ng RNA in cDNA-reaction; 2 µl cDNA in total concentration of 10 µl 

2.4.5.a. Materials 

The same materials were used as in 2.4.1.a. 

 

2.4.5.b. Chemicals 

 The concentration of each sample was raised to 10 µl instead of 5 µl. This means that 

all of the concentrations in 2.4.1.b. must be multiplied by 2.  

 

Primers tested Group 

RPL4_1F + RPL4_1R 
ACTB_1F + ACTB_1R 
RPS7_1F + RPS7_1R 
YWHAZ_1F + YWHAZ_1R 

Reference genes 

MR_1F + MR_1R 
GR_1F + GR_1R 

Corticosterone-receptor 

VT1R_1F + VT1R_1R Vasopressin-receptor 

 

2.4.5.c. Notes to the protocol 

 A temperature-gradient was again used during the q-PCR. This time the primers 

were tested at 60°C, 58,4°C, 55,6°C and 53,4°C.  
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3. Results 
 

3.1.RNA isolation 

 

3.1.1. RNeasy Plus Microkit 

1.1 Without adding extra carrier RNA 

Tube number RNA (µg/ml) A260/A280 

1 8,068 2,469 

2 13,91 1,853 

3 17,51 1,576 

4 1,411 2,309 
 

 

1.2 With adding extra carrier RNA 

Tube number RNA (µg/ml) A260/A280 

9 9,253 1,762 

10 40,00 1,724 

11 11,07 1,765 

12 18,66 1,750 
 

 

3.1.2. Trizol 

2.1 With removing 400 µl of the supernatant 

Tube number RNA (µg/ml) A260/A280 

5 109,2 1,475 

6 290,0 1,235 

7 133,3 1,393 

8 120,8 1,398 
 

 

2.2 With removing 200 µl of the supernatant 

Tube number RNA (µg/ml) A260/A280 

13 2560,00 1,722 

14 3192,9 1,695 

15 3194,3 1,745 

16 3196,1 1,686 
 

 

3.1.3. Mixed protocol 

Tube number RNA (µg/ml) A260/A280 

17 32,26 1,330 

18 89,06 1,275 

19 16,27 1,173 

20 29,71 1,320 
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3.2. qPCR 

For amplification curves and melt curves, see appendix 6.  

 

3.2.1. 500 ng RNA in cDNA-reaction; 1 µl cDNA in total concentration of 5 µl 

Of the primers that are tested in 2.4.1, the primers that gave an amplification of the cDNA 

are listed in table 1. 

 

Table 1: Working primers for 2.4.1. 

 

Graphic 1 shows the log scale of the amplification curve of these primers. The horizontal 

lines in this graphic represent the primers that did not give an amplification of the cDNA. 

The two lines that begin to raise at approximately 33 and 34 cycles represent the RPL4_1F + 

RPL4_1R (left line) and PP1A_1F + PP1A_1R (right line). This means that during this cycles 

the first cDNA was amplified. The purpose of a log scale is that, at a certain point, a 

maximum amount of amplification is reached. The raising line then becomes a horizontal 

line. This would be the optimal result for a q-PCR. This graphic shows, that for these primers, 

this point was not reached.  

 

 

Graphic 1: Log scale of the amplification curve for the primers tested  in 2.4.1. 

 

Graphic 2 shows the melt peak for the primers in 2.4.1. What is important for the melt peak, 

is that it only shows one peak in each line. More than one peak suggests that the 

Working primers Working temperature 

RPL4_1F + RPL4_1R 
PP1A_F + PP1A_R 

60°C 
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amplification of the cDNA did not give one single, specific product. Graphic 2 shows that 

both working primers only gave one peak. This means that these primers produced one 

single, specific product.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Graphic 2: Melt peak for the primers tested in 2.4.1. 

 

3.2.2. 500 ng RNA in cDNA-reaction; 2 µl cDNA in total concentration of 10 µl  

Of the primers that were tested in 2.4.2., the primers that gave an amplification of the cDNA 

are listed in table 2.  

 

Table 2: Working primers for 2.4.2. 

 

As shown in table 2, only one water control gave a result. This means that the primers 

tested in 2.4.2 were not able to amplify the cDNA at the used temperatures. Because the 

primers did not give a result in amplifying the cDNA, the log scale of the amplification curve 

and the melt curve for these primers are listed in appendix 6.  

 

3.2.3. 500 ng RNA in cDNA-reaction; 2 µl cDNA in total concentration of 10 µl 

Of the primers that were tested in 2.4.3., the primers that gave an amplification of the cDNA 

are listed in table 3.  

 

Working primers Working temperature 

GR1_F + GR1_R (water control) 55°C 
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Table 3: Working primers for 2.4.3. 

 

Graphic 3 shows the log scale of the amplification curve for the primers tested in 2.4.3. 

From the left to the right, the lines represent the following primers: RPL4_1F + RPL4_1R, 

RPS7_1F + RPS7_1R, YWHAZ_1F + YWHAZ_1R, VT1R_1F + VT1R_1R, PR_1F + PR_1R, 

ACTB_1F + ACTB_1R, TFRC_1F + TFRC_1R, Erb_3F + Erb_3R, Erb_3F + Erb_3R (water 

control), VT2R_1F + VT2R_1R.  

This graphic shows that the primers started amplifying cDNA in the latest cycles of the qPCR, 

and no horizontal plateaus occur during this cycles.  

 

 

Graphic 3: Log scale of the amplification curve for the primers tested  in 2.4.3. 

 

Working primers Working temperature 

RPL4_1F + RPL4_1R 
VT1R_1F + VT1R_1R 

60°C 

RPS7_F + RPS7_R 
YWHAZ_1F + YWHAZ_1R 
ACTB_1F + ACTB_1R 
TFRC_1F + TFRC_1R 
VT2R_1F + VT2R_1R 

58,4°C 

PR1_F + PR1_R 56,6°C 

Erb3_F + Erb3_R 
Erb3_F + Erb3_R (water control) 

50°C 
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Graphic 4 shows the melt peak for the primers tested in 2.4.3. This graphic shows that not 

all of the primers produced a single, specific product, because some lines clearly show more 

than one peak.  

 

 

Graphic 4: Melt peak for the primers tested in 2.4.3. 

 

3.2.4. 500 ng of RNA in cDNA-reaction; 7,6 µl cDNA in total concentration of 10 µl 

Of the primers that were tested in 2.4.4., the primers that gave an amplification of the cDNA 

are listed in table 4. One of these results is a result for a water control.  

 

Table 4: Working primers in 2.4.4.  

 

Graphic 5 shows the log scale of the amplification curve for the primers tested in 2.4.4. The 

water control, in this case, gave the first line in this graphic. This line would actually 

represent a good result, because at the end of the qPCR, the line slightly starts to become 

horizontal. However, it is not possible that a primers produces DNA when no cDNA is 

present in the starting sample.  

 

 

Working primers Working temperature 

Era_3F + Era_3R (water control) 
Era_3F + Era_3R 

58,4°C 

Era_3F + Era_3R 55,6°C 
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Graphic 5: Log scale of the amplification curve for the primers tested in 2.4.4. 

 

Graphic 6 shows the melt peak for the primers tested in 2.4.4. The large peak shows that 

one of the primers produced a single, specific product. However, this peak represents the 

water control. The other two working primers barely give a peak.  

 

Graphic 6: Melt peak for the primers tested in 2.4.4. 

 

3.2.5. 1000 ng RNA in cDNA-reaction; 2 µl cDNA in total concentration of 10 µl 

For the primers that were tested in 2.4.5., the primers that gave an amplification of the 

cDNA are listed in table 5.  
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Table 5: Working primers for 2.4.5.  

 

Graphic 7 shows the log scale of the amplification curve for the primers tested in 2.4.5. 

From the left to the right, the lines in this graphic represent the following primers: RPS7_1F 

+ RPS7_1R, YWHAZ_1F + YWHAZ_1R, RPL4_1F + RPL4_1R, ACTB_1F + ACTB_1R, YWHAZ_1F 

+ YWHAZ_1R (water control).  

Again, all of the primers started amplifying cDNA in late cycles of the q-PCR, and none of the 

primers gave a clear horizontal plateau.  

 

Graphic 7: Log scale of the amplification curve for the primers tested in 2.4.5. 

 

Graphic 8 shows the melt peak for the primers tested in 2.4.5. This melt peak shows that all 

of the primers show only one peak, so all of the primers produced one single, specific 

product, but some of the peaks are very low.   

 

Working primers Working temperature 

RPS7_1F + RPS7_1R 
RPS7_1F + RPS7_1R (water control) 
YWHAZ_1F + YWHAZ_1R 

58,4°C 

RPL4_1F + RPL4_1R 
ACTB_1F + ACTB_1R 

60°C 
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Graphic 8: Melt peak for the primers tested in 2.4.5. 
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4. Discussion 
After testing RNA isolation strictly following the protocols, we made some changes to 

the protocols. Because the amounts of RNA were very low after isolation with the RNeasy 

Plus Microkit, we decided to add some extra carrier RNA (included in the kit) to the sample, 

so that hopefully the amounts of RNA would increase. In some cases this was the case, but 

not enough to continue to the next steps.  

RNA isolation with trizol gave higher concentrations of RNA, but the A260/A280-values of 

these isolations were very low. To hopefully isolate more RNA and get better A260/A280-

values, we decided to remove less of the supernatant. The amounts of RNA indeed 

increased, and the A260/A280-values became better. Although this was a positive result, 

the increase was very large, therefore we questioned if this could be correct. A possible 

explanation for the extreme increase might be that the peak for measuring trizol almost 

overlaps the peak for measuring RNA, so it could be that there was more trizol left in the 

eventual sample, because less of the supernatant was removed, and the BioDrop measured 

trizol as well as RNA. The only fact that did not support this, is that the A260/A280-value 

was better. When the samples were more contaminated with trizol, you would expect the 

A260/A280-value to be worse.    

We choose to make a mix between the two protocols, because brain tissue contains a lot of 

fat, and the column membranes from the RNeasy Plus Microkit don’t absorb this fat very 

well. This means that fat contaminates the column membranes, and less RNA can get 

through. Trizol removes a lot of this fat, so that RNA can better get through the membranes, 

and higher amounts of RNA are isolated.  

 The first time primers were tested, 1 µl of cDNA was used in a total concentration of 

5 µl. Because the results for amplification were disappointing, we decided to use bigger 

samples, 10 µl instead of 5 µl. Because the samples became bigger, also more cDNA needed 

to be add to the samples, 2 µl instead of 1 µl. After these changes, results for amplification 

still were disappointing. In the total mix we prepared for the q-PCR, not only cDNA was 

added, but also water. Because the results remained disappointing, we decided to replace 

the water by cDNA, so more cDNA would be in the samples, 7,6 µl instead of 2 µl.  

With preparing the cDNA, at first, 500 ng of RNA was used. We still wanted to try to start 

amplification sooner, so we figured it might help to use more RNA for preparing the cDNA. 

That’s why the last time primers were tested, we used 1000 ng of RNA for preparing cDNA.   

After all the little changes we tried, amplification remained disappointing. It still might help 

to use more RNA in preparing cDNA, but the amount of RNA then needs to be multiplied by 

a bigger factor than 2. On the other hand, because increasing the used amount of RNA did 

not give an improvement of amplification at all, it does not seem logical that this will be the 

case when the amount of RNA would be multiplied by for example a factor of 4.  

Something that might be tried in the continuing of this investigation, is to raise the 

concentration of the primers. When the concentration of the primers is raised, the 

concentration of cDNA should not be raised, so that the amount of primer becomes bigger 

compared to the amount of cDNA.  
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A few times during testing of the primers, water controls gave a result for amplification. The 

only reasonable explanation seems to be that the water control samples were contaminated 

with cDNA, for example by using the same pippets. However, this is not possible, because 

the water control samples and the samples with cDNA were pipetted in different rooms, 

with different pipettes.  

During testing of the primers, it became clear that the primers for reference genes gave 

better results than the primers for the steroid receptors. One explanation could be that the 

primers for reference genes are better able to bind to the cDNA and the primers for the 

steroid receptors do not yet have the optimal nucleotide sequence to bind to the cDNA. 

After all, no primers are known for steroid receptors in quail, the used primers are only 

found in chicken. Another explanation might be that the steroid receptors are simply 

present in such low concentrations, that the primers have low concentrations of cDNA to 

bind to.  

 

 

 

5. Conclusion 
As shown in this study, company protocols are not always most suitable for the used 

tissues. The protocol for RNA isolation with the RNeasy Microkit Plus (50) gave very low 

outcomes for RNA quantity, and was therefore disregarded.  

RNA isolation with Trizol on the other hand, gave very high outcomes for RNA quantity. 

However, both of these outcomes did not seem very reliable. When a mixed protocol was 

designed, the outcomes for RNA quantity seemed more logical, and thus more reliable. I 

therefore suggest to continue with the use of the combined protocol for further testing and 

finalizing RNA extraction and qPCR of Japanese quail brain samples.  

For testing the primers, no optimal results are yet acquired. Because the results for 

amplification were so disappointing, it is not possible to conclude if the used primers have 

the right nucleotide sequences. There need to be searched for a way to start amplification 

of cDNA in earlier cycles of the qPCR, so it can be better judged if the right primers are used.  

I would suggest to first try if better amplification results can be reached by increasing the 

used amount of the primers, without changing the used amount of cDNA.  
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Appendix 

 

Appendix 1 
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Appendix 2 

RNA isolation with TriPure Isolation Reagent 

1. Add 750 µl of the TriPure Isolation Reagent (Trizol) and a stainless steel bead of 3.2 

mm mean diameter to the tubes containing your sample. 

2. Put the tubes in the TissueLyzer for 5 min on 25 Hz. 

3. Rearrange the tubes so that the outermost tubes become innermost and the 

innermost tubes become outermost. Again, put the tubes in the TissueLyzer for 5 

min on 25 Hz.  

4. Wait for 5 min. After those 5 min, add 200 µl of chloroform to each tube and shake 

each tube for 15 sec.  

5. Wait for 10 min. After those 10 min, centrifuge for 20 min on maximum speed 

(13400 rpm) at 4°C.  

6. After centrifugation, carefully remove the supernatant (about 400 µl) and put it in a 

new tube.  

7. Add 0.5 ml of isopropanol to each new tube, and wait for 10 min. After those 10 min, 

centrifuge for 20 min on maximum speed (13400 rpm) at 4°C.  

8. After centrifugation, add 75% ethanol to each tube. For each ml of Trizol used in step 

1, you need to add at least 1ml of 75% ethanol. Centrifuge for 10 min at maximum 

speed (13500) at 4°C.  

9. After centrifugation, carefully remove the supernatant, and wait for 10 min.  

10. Add 10 µl of RNase-free water. 

11. Mix the tubes for 10 min.  
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Appendix 3 

Mixed Trizol/Column Protocol 

1. Add 750 µl of Trizol and a stainless steel bead of 3.2 mm mean diameter to the tubes 

containing your sample.  

2. Put the tubes in the TissueLyzer for 2 min on 20 Hz. 

3. Rearrange the tubes so that the outermost tubes become innermost and the 

innermost tubes become outermost. Again, put the tubes in the TissueLyzer for 2 

min on 20 Hz.  

4. Wait for 5 min. After those 5 min, add 200 µl of chloroform to each tube and shake 

each tube for 15 sec.  

5. Wait for 10 min. After those 10 min, centrifuge for 20 min on maximum speed 

(13400 rpm) at 4°C.  

6. After centrifugation, carefully remove the supernatant (about 400 µl) and put it in a 

new tube.  

7. Add 400 µl of 70% ethanol.  

8. Now continue with step 5 t/m 10 of the RNeasy Plus Micro Handbook (page 29-30).  
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Appendix 4 
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Appendix 5 
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Appendix 6 

6.1 500 ng RNA in cDNA-reaction; 1 µl cDNA in total concentration of 5 µl 
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6.2 500 ng RNA in cDNA-reaction; 2 µl cDNA in total concentration of 10 µl  
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6.3 500 ng RNA in cDNA-reaction; 2 µl cDNA in total concentration of 10 µl 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
42 

 

6.4 500 ng of RNA in cDNA-reaction; 7,6 µl cDNA in total concentration of 10 µl 
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6.5 1000 ng RNA in cDNA-reaction; 2 µl cDNA in total concentration of 10 µl 
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