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Abstract 
This project examines the expression of the genes Crabp1, CNeuroM, CNeuroD, Notch1, Sox2 and 

CMash1 in chicken embryos. These genes, found in cells that make up the central nervous system 

(CNS) were examined for the timing and location of their expression.  

The development of the CNS in chick embryos begins with the differentiation of neuron cells from 

stem cells. This differentiation process occurs by the sequential activation and repression of certain 

genes. It should be noted that as yet a detailed understanding of these respective steps in this 

process has not been established or documented. 

The project data has been used to develop a timeline of the expression of the genes. In addition, the 

project examined the cells in which each gene was activated, to provide an insight as to the specific 

role of each gene. In situ hybridisations were carried out on chick embryos between developmental 

stages HH7+ to HH14, using alkaline phosphatase staining to reveal the presence of cells containing 

the activated gene. The staining has shown that Sox2 and Notch1 are activated very early, followed 

by CNeuroM, and then Cash1, CNeuroD and Crabp1. It has also demonstrated to a high level of 

certainty shown that CNeuroM mirrors the staining pattern of Tuj1, (Ware and Schubert, 2011), a 

gene that marks differentiating neurons. The activation of CNeuroM occurs in the same locations 

within the chick embryos, but at earlier stages than Tuj1, suggesting that CNeuroM could be used as 

another marker, but for earlier in chick embryonic development. 

As part of the research into neuron genes, the project additionally produced templates of the 

Neurogenin 1, 2 and 3 genes using molecular cloning. Sequencing of these templates has shown that 

Neurogenins 1 and 2 were produced successfully. Neurogenin 3, however, was not: sequencing 

showed that the gene Lhx9 was instead produced. 
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Introduction 

The formation of the brain in vertebrates is a complex process and one about which there is much 

still to be discovered. This project will consider some of the genes involved in this process and it will 

examine when and where the genes are activated in the developing chick embryos. The data 

gathered for the research will be used to construct a timeline of the activation of each gene, so that 

more can be understood about the sequence of activation and how each gene initiates the next 

gene’s activation. This will add to the ever increasing knowledge of neuron differentiation or 

neurogenesis as it is also known. 

Questions that may be highlighted as part of the research are: 

i. whether any of these genes are sufficient in  themselves to begin or to continue the cascade 

of gene activation which  occurs during the development of a neuron, from simple stem cell 

to a fully-fledged neuron, complete with axon, myelin sheaf (provided by a separate cell) 

and dendrites  

ii.  which genes are the most significant to the  differentiation of cells in the chick embryo. 

The project stems from scientific literature on the nine genes, and previous research on the Crabp1 

gene, which the project supervisor, has been involved in. The Crabp1 gene was identified in a 

microarray screen as a marker associated with neuron formation in the early chick brain (Ware & 

Schubert, pers. comm.). Additionally, a comparison of a number of gene’s expression was examined 

between stages 9 and 11, to analyse which genes were expressed more strongly than others in the 

brain region. Crabp1 was found to be activated at stage 11 and specifically in neuron cells, 

suggesting a role in neurogenesis. Misexpression of Crabp1 resulted in ectopic neurogenesis (i.e. 

neuron differentiation of the ectoderm, see chick embryo anatomy below). This discovery of Crabp1 

has initiated research described in this project, to find when and where it is activated and to show us 

how it influences the other genes in neurogenesis.  

The research will involve preparing DNA templates and RNA probes using polymerase chain 

reactions (PCR) and molecular cloning, in situ hybridisation (embryo preparation and staining), 

microscopy and photography. These methods will produce stained chick embryos that will be 

photographed for analysis on the timings and locations of the expression or activation of the neuron 

genes, to produce a timeline. The methods will also be used in the production of templates of the 

genes Neurogenin 1,2 and 3. 

In summary, this project will seek to produce photographs of the results of in situ hybridisations 

which will be used to generate a timeline of gene expression in neuron differentiation in chick 

embryos. This timeline will demonstrate the order of gene activation in neuron differentiation, so 

that they can be used as markers in the differentiation of neurons, and to lead to further research 

into each gene by their misexpression. It will also produce templates of Neurogenins 1, 2 and 3 

which will be used by other scientists in further in situ hybridisations to stain embryos for these 

genes.  
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Background to project  

Cell differentiation 

Cell differentiation, including neuron differentiation, occurs in a step-by-step process, where at each 

step, a new gene is activated. Transcription factors, (a group of genes) form the starting point. They 

activate other genes, so that they begin to be transcribed from a DNA sequence into messenger RNA 

(mRNA), from which it is eventually translated into a protein. Alternatively, a transcription factor 

may repress a certain gene, preventing a protein from being unnecessarily produced, for example 

the gene for insulin production in a skin cell may be repressed. Once this protein is or is not being 

produced, as the case may be, the cell becomes more specialised than before and closer to terminal 

differentiation or its “cell fate”. The research explores how some of these neuron genes fit together 

and work together in this sequence. The protein may be an enzyme, enabling the cell to carry out a 

particular process, which may be irrelevant and so its production is repressed or it may be a 

transcription factor which means it will cause the activation or repression of another gene, initiating 

the next step. 

 The transcription factors begin by activating and repressing more general genes, but further along 

the differentiation process, neuron-specific genes begin to be activated. At this point, the sequence 

of neuron gene expression begins, forming a sequence in which many genes have a role in activating 

the next gene’s expression, forming a “cascade” of gene activation.  

Genes  

 In addition to the different timings of activation, the genes involved in neuron differentiation are 

activated in different areas of the CNS. Not all the neurons within the CNS are the same, for example 

some will become sensor neurons to sense the world outside, and others will become motor 

neurons to respond to these stimuli. Therefore, the genes will not all appear in every cell of the CNS, 

as not all the neurons will need the same specific proteins to function.  It is a given then that 

establishing when and where these genes are activated in developing embryos provides evidence of 

and ideas for their future role and significance. Some of this evidence has already been 

demonstrated by previous research: 

 CRABP1, Cellular Retinoic Acid Binding Protein 1. So far, this gene is known to bind Vitamin 

A/Retinoic Acid, and is activated in the optic tectum in chick embryos (the target zone for 

most visual neurons in the brain). (Propping, 2007) 

 

 Notch1, Notch homolog 1. It has a major role in neuron induction, in which Notch signalling 

is involved in determining which ectoderm cells differentiate into neurons. (Artavanis-

Tsakonas, 1999) 

 

 Sox2, SRY (sex determining region Y)-box 2. This gene is involved in maintaining 

pluripotency in embryonic and importantly, neural stem cells, and thus has great potential 

in regenerative medicine.  
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 Cash1, chicken achaete-scute homolog 1. Not much is known about this gene, but so far it 

has only been found in certain areas of the CNS, suggesting it is only involved in the 

differentiation of certain types of neural progenitor cells. (Jasoni, 1994) 

 

 CNeuroM 

 CNeuroD 

 Neurogenin 1 

 Neurogenin 2 

 Neurogenin 3 

Chick Embryos and their anatomy 

This project will investigate the activation and location of the genes in chick embryos between stages 

HH7+ to HH14, or 26 to 53 hours old. At these stages, the embryos have three cell layers, the 

ectoderm, which forms the neuron cells and epidermis, the endoderm, which forms the epithelial 

linings, along with the lungs and digestive system and the mesoderm, which forms the blood and 

muscles along with most of the internal organs. The ectoderm is the most developed layer in 

embryos between these stages. 

 

 

Fig.1 shows a stage HH 9+ embryo, orientated with the head on the left and the tail on the right. The 

visible structures include the neural tube (the darker line forming the main structure of the chick 

embryo), which forms the CNS i.e. the brain and the spinal cord. The somites (sm) are found along 

the neural tube and will become the vertebrae and at the top of the neural tube is the brain, made 

up of the forebrain (fb), midbrain(mb) and hindbrain . These structures have all differentiated from 

ectoderm. Just below the brain (fb to hb), the endoderm tissue is growing downwards as part of the 

developing anterior intestinal portal (aip); the closing gut. Most of the tissue around these central 

structures is mesoderm which is as yet undifferentiated. The neural tube, in particular the brain 

region, will provide the focus of the project. 

  

All are proneural genes which 

encode basic helix-loop-helix 

transcription factors. 

Fig 1. A stage HH 9+ embryo. 
Key: 
fb: forebrain, mb: midbrain, hb: hindbrain, aip: anterior intestinal portal, sm: somite 
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Methodology 
DNA Methods 

Polymerase Chain Reaction, PCR 

PCR was used in in vitro transcription of DNA in various preparation steps throughout the project. 

The table shows the protocols followed for each PCR. 

 Termplate synthesis for 
in vitro transcription and 
later in situ 
hybridisations 

Amplification with 
outer primers (1st 
PCR) 

Amplification with 
inner primers (2nd 
PCR) for BP cloning 

Colony PCR for 
mini-preps 

Materials 0.5μl  M13 forward 
primer 
 0.5μl  M13 reverse 
primer 
 2μl  DMSO 
 25μl 2xBioMixRed 
0.5μl  plasmid for each 
gene  
 21.5μl of water 

0.5μl forward 
primer 
0.5 μl reverse 
primer 
 12.5μl 
2xPWOMasterMix 
1μl  genomic 
chicken DNA 
 10.5μl water 

1μl B1 forward 
 1μl B2reverse 
primer  
25μl 
2xPWOMasterMix 
1μl product of  first 
PCR  
22μl of water 

0.1μl  M13 forward 
primer 
 0.1μl  M13 
reverse primer 
 0.4μl  DMSO 
 5μl 2xBioMixRed 
Colony of bacteria 
4.4μl of water 

Method -1 min, 95ºC,  
-5x 15 mins,95ºC, 15 
mins at 65ºC, 2 mins 
72ºC  
-25 x 15 mins,95ºC, 15 
mins, 50 ºC, 2mins, 72ºC 
-8 mins ,72 ºC 
-3μl of the product run 
on 1% agarose gel  
- purification by  ion-
exchange 
chromatography. 
 

1 min, 95ºC,  
-5x 15 mins,95ºC, 
15 mins at 55ºC, 2 
mins 72ºC  
-25 x 15 mins,95ºC, 
15 mins, 50 ºC, 
2mins, 72ºC 
-15 mins ,72 ºC 
-product used in 
second PCR 
reaction 
 

1 min, 95ºC,  
-5x 15 mins,95ºC, 
15 mins at 40ºC, 2 
mins 72ºC  
-25 x 15 mins,95ºC, 
15 mins, 65 ºC, 
2mins, 72ºC 
-15 mins ,72 ºC 
-product run on 1% 
agarose gel 
- gel viewed under 
a weak and short 
wavelength UV 
light 
- first band in each 
column cut out of  
to purify template 
-each gel section 
melted in two 
volumes of NTI 
buffer 
-purification by ion-
exchange 
chromatography 
-UV spectroscopy 
to analyse 
purification 
product  

1 min, 95ºC,  
-5x 15 mins,95ºC, 
15 mins at 65ºC, 2 
mins 72ºC  
-25 x 15 
mins,95ºC, 15 
mins, 50 ºC, 2mins, 
72ºC 
-8 mins ,72 ºC 
-8μl of the product 
run on 1% agarose 
gel 

 
Table 1. The PCR protocols followed for the experiment. 



8 
 

 

Limitations: The process of PCR amplifies samples of DNA, using DNA polymerase to replicate them 

over and over again. Therefore, any DNA impurities will also be amplified. Precautions were taken 

such as the use of gloves and filter-tips on pipettes to prevent contamination from the skin or form 

the air in the pipettes. 

 

 

Gel Electrophoresis 

A 1% agarose gel was preapred by dissolving 0.5g of agarose powder in 50ml of a 2xTAE Buffer 

solution. This was then heated in the microwave until boiling, left to cool and then 1.5μl of a dye, 

either ethidium bromide (10mg/ml) or PeqGreen was added to it. It was then poured into a gel tank, 

with two sets of combs and two metal strips at either end. This was left for 10-15 minutes to allow 

the gel to solidify. The metal strips were removed and then more liquid buffer was poured over the 

gel, so that the electrodes were covered. The combs were then taken out and a small volume of 

each sample, with loading buffer, was pipetted into each well. The gel was run at 40V for 15 to 30 

minutes. A photograph was taken of the gel using a strong UV light to reveal the bands of DNA that 

had migrated from the original wells. A photograph was taken such as the one in fig.3, that revealed 

the lengths of the DNA fragments when compared with the marker DNA of known lengths (shown 

on the far left). The distance the DNA travelled depended on the length of the DNA fragment. 

Limitations:  

 The assumption was made that if a single band of DNA of the expected size was seen, this was a 

pure sample of the template that was amplified, rather than an impurity that had been amplified.  

 

Fig. 2. The Polymerase Chain Reaction Process. The 

stages of strand separation, replication and reformation 

are achieved by the creation of different temperatures 

within the PCR machine.  
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DNA clean-up with ion-exchange chromatography 

The samples were transferred into clean-up columns (Macherey & Nagel) and these were placed in 

collection tubes. 200μl of binding buffer was added to each clean-up column to stick the DNA in the 

solution to the chromatography matrix, and then centrifuged for 60 seconds at 11,000xg. The flow-

through in the collection tube was then discarded and 700μl of wash buffer added for centrifugation 

at 11,000xg for 60 seconds, to wash through any remaining liquid. This step was repeated before the 

collection tubes were discarded and the clean-up columns were placed in 1.5ml test tubes with lids, 

so that the DNA would collect in a sterile tube for storage.30 μl of an elution buffer was then added 

onto the filters in the clean-up columns, to unstick the DNA and then these were centrifuged at 

11,000xg for 60 seconds, so that the DNA passed through into the test tubes, and was dissolved in 

the small volume of elusion buffer.   

(This method was also used when purifying the plasmids within the E. coli bacteria, but in 

preparation, the plasmid was first released from the bacteria using alkaline lysis.) 

Limitations:  

This process of purification was particularly time consuming, due to the number of steps. However, 

alternative methods would take more time, so currently this is one of the most convenient methods 

to use for purification. 

Fig. 3. An image taken with UV light of an agarose gel after gel electrophoresis. A: the wells into which the 

samples are inserted, using a pipette. B: the marker DNA sample, containing known lengths of DNA 

strands. Each separate bar has 100 more strands than the previous. C: a successful template, shown by 

the single black band, indicating the sample contains one length of DNA strands, ie all the length of the 

template and that the sample is concentrated because the band is dark. D:an unsuccessful template, 

shown by the separate strands of many lengths of DNA, indicating that the DNA polymerase copied more 

than one gene. E: a successful template in a low concentration, shown by the weakness of the band. 
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UV spectroscopy 

To determine the purity of DNA samples, a small aliquot (1.1μl) was placed in a UV spectroscope for 

analysis. A UV light was shone through the sample, and the computer analysed the wavelengths of 

the reflected UV light having passed though the sample. A UV absorbance spectrum was produced, 

similar to the one in fig.5, that showed which wavelengths were missing.  

 

Limitations:  

This method was less comprehensive than a gel electrophoresis, to show if the results of a PCR were 

successful  because it could only indicate the presence of DNA and its concentration. It could not, 

however, demonstrate the length of the DNA fragments within the solution, and whether there was 

more than one fragment, suggesting two templates had been amplified correctly or incorrectly. 

Therefore, the two methods could be used complimentarily, to evaluate with confidence the 

outcome of a PCR.  

BP recombination 

2μl of each product of the Neurogenin PCR reactions were added together with 1μl of pDONR221 (a 

plasmid),  1μl of TE and 1μl of BP clonase enzyme. This was incubated at room temperature for 1 

Fig. 5. A UV absorption spectrum. 

Source: www.chemistry-blog.com  

Fig 4. The apparatus used for 

ionisation chromatography. A: 

Column into which sample is 

inserted. B: Chromatography matrix 

which selectively allows substances 

through. C: Collecting tube which 

collects flow-through after 

centrifugation. Source: 

www.komabiotech.co.kr 

A 

B 

C 

http://www.google.co.uk/url?sa=i&rct=j&q=filter columnes&source=images&cd=&docid=vbq6aDcEyij7_M&tbnid=CsvXE-t2xh_xsM:&ved=0CAUQjRw&url=http://www.komabiotech.co.kr/www/techniques/samplePre/affinityPurification.html&ei=7jswUtO6Baik0AXdwYCoCg&bvm=bv.51773540,d.d2k&psig=AFQjCNHnXV8KI6VB3VDOTrt_3_48qyESaA&ust=1378979134722091
http://www.chemistry-blog.com/wp-content/uploads/2013/08/Image-5-absorbance-spectrum.png
http://www.chemistry-blog.com/
http://www.komabiotech.co.kr/www/techniques/samplePre/affinityPurification.html
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hour. The pDONR221 plasmid contains the CcdB gene (encoding a toxin) flanked by the P1 and P2 

recombination sequences and a gene for kanamycin (an antibiotic) resistance. The BP clonase 

enzyme read the position of the P1 and P2 recombination sequences, and thus removed the CcdB 

gene in between these sequences. In its place, the enzyme inserted the PCR product ie one of the 

Neurogenin genes (see figs. 4,5 and 6, Appendix). After 1 hour, 0.5μl of proteinase K was added and 

left for 10 minutes at 37ºC to digest the BP clonase and end the reaction.  

Transformation 

The plasmids produced in the BP recombination reaction ie those containing the kanamycin 

resistance and the inserted gene were added to 50μl of competent E. coli bacteria. This was 

incubated on ice for 10 minutes to allow the uptake of the plasmids by the bacteria. The bacteria 

were then given a 30 second heat shock in the incubator, at 42ºC and then added to SOC culture 

medium. They were then incubated for 1 hour at 37º to give enough time for the kanamycin 

resistance to be activated. The three mixtures, one for each Neurogenin gene, were spread onto 3 

separate LB agar plates containing the antibiotic kanamycin.  All the bacteria that had not taken up 

the plasmid then died as they did not have kanamycin resistance. The agar plates were then 

incubated at 37ºCover night to allow colonies of bacteria with the plasmid to grow. Each colony 

contained bacteria all descended from an original bacterium that had taken up the plasmid. 

Consequently, each colony consisted of clones all containing an identical copy of the plasmid with 

the inserted gene and the kanamycin resistance. However, since the template samples of the PCR 

reactions that were used in the BP recombination could not be guaranteed to be pure, the BP 

clonase would have inserted some plasmids with genes other than the Neurogenins. Samples from 4 

separate discrete colonies were taken from each of the plates and mini-preps were made by placing 

into 2 ml LB broth culture solutions and left to incubate on a shaker overnight for the bacteria to 

reproduce and replicate the plasmid.  

These mini-preps were transferred to 1.5ml test tubes and spun on a centrifuge at 11,000xg for 1 

minute to pellet the bacteria. The supernatant was then removed, and the bacteria re-suspended in 

250 µl of resuspension buffer. The bacteria were lysed by adding lysis buffer (SDS/NaOH) and the 

bacterial genomic DNA was precipitated by adding neutralisation buffer. Ion-exchange 

chromatography was used to extract and purify the plasmid.  

 

 

Fig. 6. A 

shaker. 
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Limitations: 

This is a very long process to produce a pure sample of a plasmid, and involves the growth of E. coli 

bacteria, which was unreliable and involved a potential health risk. All the live bacteria had to be 

handled in a micro lab, designed for this purpose, and despite careful handling there were two steps 

which had to be repeated because the bacteria died.  

Embryo Methods 
Embryo preparation 

A total of 36 chick embryos were prepared from fertilised eggs that were kept in an incubator for 2 

days at 38.5ºC upon delivery to develop to stages HH10-14 and were placed horizontally so that the 

embryo floated to the top and would be easy to find. The embryos were divided into 3 sets of 12, 

with each set taken out of the incubator an hour after the previous to ensure some differentiation in 

their stages of development. The embryos were then removed from the eggs and fixed in 4% 

formaldehyde. 

In situ hybridisation 

The chick embryos were fixed in a 4% formaldehyde solution overnight. For the permeablisation, to 

allow the washing solutions in and out of the cells, they were rinsed in methanol and then a 

detergent mix. They were then incubated in a pre-hybridisation mix, as a blocking step to minimise 

the non-specific binding of the probe to the membrane, once it was added. The hybridisation was 

then carried out, in which the chick embryos were washed in a mix containing the RNA probe (with a 

chemical attached, shown in orange, see fig. 7), so that it could bind to mRNA in cells where the 

gene was activated (1).  The embryos were incubated with this mix, and then a post-incubation wash 

was carried out to remove any unbound probe. A pre-antibody blocking step was carried out for the 

same purpose as before.  Then, the antibody, with the enzyme alkaline phosphatase was added to 

bind to any probes that had bound to complementary mRNA (2). The chick embryos were incubated 

in this mix overnight at 4ºC. Post-incubation, the embryos were rinsed in MABT, to remove any of 

the antibody and alkaline phosphatase enzyme that had not bound to the probes. The substrate of 

the enzyme was then added (3), so that it would be converted to its purple product by the enzyme in 

cells were the RNA probe had bound  (4) , thus ensuring the RNA and later the antibody and enzyme 

had not been washed away. Thus, all the cells containing the activated gene were stained purple.  

 

 

Fig. 7. Alkaline phosphatase 

staining. 
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Microscopy and Photography 

The stained embryos were examined initially under a stereo microscope so that images could be 

taken of the complete embryos. The embryos were then placed on slides to be   photographed 

under a compound microscope, in order to take a more detailed look at the pre-brain and the neural 

tube, and again under the first microscope the give a clearer image once they were flat.  
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Results 

The outcomes of the research were widely successful. The results came in two forms. Firstly, the 

photographs of the embryos stained with the genes Sox2, Notch1, CNeuroM, CNeuroD, Crabp1 and 

Cash1 have been adequate to develop an initial timeline of neuron gene expression. Interesting 

staining patterns in the CNeuroM HH14 embryo has also been observed, and is likely to lead to 

further research into the gene. Secondly, the products of the molecular cloning of the Neurogenin 

genes were partially successful. The production of the Neurogenin 1 and 2 genes was a success, but 

in the molecular cloning of Neurogenin 3, an alternative gene, namely Lhx9 was replicated, leading 

to the production of this gene instead. 

The process of producing the stained embryos involved transcribing DNA templates of the six genes, 

then artificially transcribing them to RNA probes, both using PCR. These RNA probes were then used 

in in situ hybridisations of chick embryos to stain all the cells in which the genes were activated. This 

produced staining patterns such as the ones shown in fig. 9, page 12. The staining pattern shows 

which cells have activated that gene as part of their differentiation process so if, for example, the 

gene is activated in the brain, it is possible to speculate that the gene is involved in neurogenesis. 

More specifically, looking at where in the brain the gene is activated gives evidence as to its role. For 

example, Crabp1 has been found to be activated in chick optic tectum (Propping, 2007), the target in 

the brain for visual neurons, suggesting a specific role in the differentiation of visual neurons. 

Furthermore, comparing the embryos of different stages, stained for the same gene, shows when 

the gene is activated and has been used to form a timeline of the sequence of the expression of each 

gene.  

Photographs of all the chick embryos following in situ hybridisation were taken under a microscope 

to record the staining shown by each one. The collection of photographs include: those of the 

complete embryos, the brain regions, the neural tubes and some of the embryos which were 

dissected to provide a better view of the staining of the brain region.  

The next stage of the project involved the production of the Neurogenin templates to be used by 

other scientists in in situ hybridisations for the same purpose as in this project. This involved 

molecular cloning in which the templates were synthesised, from genomic chicken DNA. A BP-

recombination reaction was carried out, and the plasmid produced was taken up by E. coli as part of 

gateway cloning. The bacteria then replicated the plasmid, and this was later extracted through lysis 

and ionisation chromatography. A restriction digest was used for Neurogenins 1 and 2 and a colony 

PCR for Neurogenin 3 to “cut-out” the Neurogenin gene from the purified plasmid and to produce a 

template. Each of these templates were then sequenced, showing the Neurogenin 1 and 2 genes to 

be successfully produced, but Neurogenin 3 to be unsuccessful (see Appendix, figs.1,2 and 3) . These 

Neurogenin 1 and 2 templates are now ready to be used by other scientists in their experiments.  

Summary of Findings of in situ hybridisations 

The images have been analysed, particularly in the brain regions, to determine when the gene is first 

activated and where it appears. The images have provided some early evidence of the sequence of 

expression of these six genes (see fig.9) and some interesting results concerning the location of 

activations (specifically highlighted by the Crapb1 and CNeuroM results). In particular, CNeuroM at 

stage 14 has provided an interesting staining pattern similar to that of Tuj1 (Ware, 2011) which 
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suggests that one of these genes is required for the other to be activated. Further research by 

double staining of these two genes may prove this link.  

Finally, there was no evidence that Crabp1 is activated in the developing brain, between the stages 

of the embryos used in this experiment. It did however stain in the spinal cord region of the neural 

tube and may still be activated in the brain, but in later stages than the ones studied by this work. 
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Fig.8. A timeline for the expression of the six genes in this project. 
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Fig. 9. A collection of images to demonstrate the extent and timings of activation of the six genes 

studied in this paper.  A. Sox2, stage 8. Extensive staining is shown throughout the brain region. 

B. Notch 1, stage 7+. Staining is moderate and mostly in the midbrain region. C. CMash1, stage 

12. Throughout the brain region of the neural tube there is speckled staining, showing that only 

some cells throughout this region contain the activated gene. D. Crabp1, stage 10+. No staining in 

the brain region. E. CNeuroD, stage 9+. No staining in the brain region. F. CNeuroM, stage 9. Some 

staining is shown in the midbrain. Much greater staining is shown in later stages (see The 

expression of CNeuroM). 

Fb, forebrain mb, midbrain hb, hindbrain 
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Crabp1 Expression 

The gene Crabp1 is a gene whose activation may form one of the final steps in the terminal 

differentiation of neuron cells. It was previously identified as a gene involved in neuron 

differentiation by Ware & Schubert (pers. comm.) who showed its activation at stage 10. In this 

experiment it was not activated in the brain by stage 10+, although staining was shown in the spinal 

cord region of the neural tube at stage 10-. This could be interpreted that it is only required for the 

differentiation of specific neuron cells, such as relay neurons found in the spine, or motor or sensory 

neurons whose axons develop from the spine.  

As a gene that is activated later in the differentiation cascade sequence Crapb1 may repress genes 

such as Sox2 which enable cells to remain in a proliferative (stem cell) state i.e. it may be part of a 

feedback system. Joint staining of these two genes together may provide evidence to support this.  

Furthermore, the expression of Crabp1 in the spinal cord section of the neural tube appears on the 

top of the neural tube, on the dorsal side. This could be interpreted as the possibility that these cells 

do not remain in this position, but migrate out of the neural tube and become neural crest cells, 

where they may form structures such as the skull, rather than the nervous system itself. Further 

research into this would involve staining for Crabp1 at later stages, to see if the gene is no longer 

activated in the neural tube, but rather outside, to investigate whether these cells do in fact migrate.  

Crabp1 is known to be activated in the brain region of developing chick embryos, more specifically in 

the optic tectum, implying its role in the differentiation of visual neurons (Propping, C. et al). 

Therefore, it is likely that the chick embryos used in the project were at too early a growth stage to 

show the activation of this gene, rather than it not being a significant gene in brain development. 
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The expression of CNeuroM 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The expression of CNeuroM in this HH14 embryo (fig. 11) is a reflection of the expression of the gene 

Tuj1 in the forebrain(fig.10), a marker of neuron genes. This similar pattern of expression implies the 

CNeuroM gene is activated in the same cells and indicates a link between the two genes. CNeuroM is 

activated earlier in neurogenesis, but in the same cells as Tuj1, so it is likely that CNueroM is the 

initiator of the activation of Tuj1. It also means that CNeuroM can be used as a neuron marker: Tuj1 

has already been established as a neuron marker, so the similar pattern of CNeuroM expression in 

earlier chick embryos means it could be a marker for pre-neural cells, but earlier in the neurogenesis 

process.  

  

Fig. 11. The expression of the CNeuroM gene in a HH14 chick 

embryo (above). The neural tube of the chick embryo was 

opened and then flattened to give a better view of the location 

of the staining.  

Fig. 10.A schematic diagram of a 

HH14 chick embryo to show the 

activation of the gene Tuj1. The 

CNueroM embryo has been opened 

along the red line, so the gene along 

the dorsal midline of the Tuj1 chick 

embryo are on each side of the 

CNeuroM embryo. Source: Ware and 

Schubert, 2011 
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Conclusions 
This project aimed to produce a timeline of gene expression in developing neurons in chick embryos, 

whilst examining the patterns of their expression, to understand more of their roles. To some extent, 

this has been achieved. A timeline has been produced and the expression of the genes CNeuroM and 

Crabp1 have been considered in particular detail. However, the evidence behind these findings is not 

yet complete so as to produce conclusive results, without some further research being undertaken. 

The gene timeline forms a basis for further research into each gene. It now means that other 

research scientists can know when to expect the expression of each gene, and select embryos of the 

corresponding stages accordingly. The evidence to support a complete conclusive timeline is not 

possible at this stage, as each gene was not stained on an embryo for each stage between 7 and 14. 

Further research, using seven embryos or more, with one for each stage would need to be 

completed to give more comprehensive evidence as to the sequence of expression of these six 

genes. The timeline approach has been used in other areas, for example for the genes involved in 

muscle differentiation, proving to be very useful and thus giving potential to this timeline. 

Once a timeline of the genes has been produced, the next step for research beyond this project will 

be to perform function experiments with the genes in order to further understand their significance 

and role. Loss-of-function experiments would involve deleting the gene in cells where it would 

normally be activated to investigate whether the normal process of differentiation occurs. 

Alternatively, gain-of -function experiments may also be carried out, by expressing the gene in cells 

where it would not normally be activated.  

The first method demonstrates whether the gene is required for differentiation. The second can 

demonstrate whether the gene is sufficient for differentiation i.e. if that gene alone can initiate the 

activation of other genes in the cell that may themselves be unexpressed, to create the cascade of 

gene activation involved in differentiation. It may also be useful to carry out further in situ 

hybridisations, in which double staining of genes is used to identify whether any of the genes appear 

in the same cells, but at different times, to give the timeline greater reliability and reducing 

uncertainty. 

The data so far has tied-in with previous research into the genes, thus showing that the data behind 

the timeline is reliable, if incomplete. Some such expected results include the early expression of 

Notch1 and Sox2. They are both involved in early steps of neurogenesis: Sox2 is required to maintain 

cells in a proliferative, relatively undifferentiated state and Notch 1 plays a part in Notch signalling at 

the very start of neural differentiation (neuron induction) where ectoderm cell fate is determined 

(see gene background); whether the cells become neurons or epidermis.  

The activation of Crabp1 was also studied and found to be expressed at these early stages at the 

surface of the neural tube suggesting a possible requirement for neural crest cell differentiation. 

Research by Propping, C. et al (2007) has shown the role of Crabp1 in the developing optic tectum in 

chicks (the region of the midbrain which is a target for most optic neurons). Therefore, expression of 

the gene is expected in the mid brain, but the results of this project do not show this. Crabp1 is likely 

to be expressed in the midbrain later than stage 10+. It may also be possible that an error in the 

staining process occurred which meant that the brain region or the optic tectum region of the brain 
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did not stain when the gene was in fact activated in some cells here. This requires further research 

through repetition of the in situ hybridisations. 

Finally, the expression of CNeuroM was particularly interesting. When compared to diagrams of Tuj1 

expression (Ware and Schubert, 2011) however, CNeuroM occurs in all the same places in the 

forebrain. The next step would be to stain one embryo for both genes in order to determine if they 

are activated in the same cells in succession. 

The project also aimed to produce templates of the Neurogenin 1,2 and 3 genes. This was only 

successful for the Neurogenin 1 and 2 genes, but the Neurogenin 3 gene will be relatively easier to 

repeat, because E.coli colonies for this gene have already been grown. Plasmids from a different 

E.coli colony will need to be taken to produce the template. 

The failure may be because the colony that contained the plasmid with the Lhx9 gene that was 

wrongly produced had taken up a plasmid into which an impurity had been inserted, i.e. this Lhx 9 

gene. This impurity would have been amplified during the template PCR for the Neurogenin genes. 

The primers may have had a similar sequence to the Lhx9 gene and thus could have bound to the 

sequence for this gene in some places and caused the amplification of this gene, by the DNA 

polymerase, in addition to that of Neurogenin 3.  

To overcome this problem in the future, it may be necessary to use primers which are 

complementary to a different area of the Neurogenin sequence, thus changing their sequence and 

making them less similar to the sequence for Lhx9. To save the costs of buying in new primers, it 

may be better to increase the annealing temperature, so that the primers and the Lhx9 gene 

separate, whilst the primer and the Neurogenin 3 gene do not. The primer and Neurogenin 3 gene 

are exactly complimentary and thus, there are more hydrogen bonds between them, so they will 

stay bound at higher temperatures.  

To conclude, these in situ hybridisations have provided a basis for further research and produced 

some questions that will be worth investigating further. Greater knowledge of these genes may have 

many uses, perhaps even as a step-by-step guide to activate genes in stem cells in order to create 

neurons for use in regenerative medicine. This data should give a guide as to which embryos to use 

when staining for these genes and when and where to expect them. Photographs produced by 

similar research by other scientists can be added to the ones in this project, to further develop the 

timeline and make it accurate and reliable for future work. Other scientists will also be able to use 

the Neurogenin 1 and 2 templates to carry out further in situ hybridisations, to give evidence as to 

the timings and location of the activations of these genes, so that they too can be added to the 

timeline.  
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Evaluation 

Since the sequencing of the human genome and the ability to sequence the genomes of many 

species has become widely available, the next step has been to process what the sequences mean. 

Scientists have highlighted many individual sections of these DNA sequences and their identities, 

including as genes, introns and promoters. Current research aims to understand the roles of these 

sequences, as covered in this project. The analysis of the images has contributed to the knowledge 

of what the genome means for function and how it works within an organism and will join the ever-

increasing portfolio of knowledge available in genetic research. Although the research has been 

limited in its findings, some reasons for which are covered below, this will be particularly useful as a 

platform for others to produce more evidence to produce a more comprehensive understanding of 

the genomes of species. 

The extent of certainty in these results is limited due to the embryo stages used. It cannot be proved 

which genes came in which order using this data alone, particularly as embryos of each stage 

between stage 7 and 14 were not used. Therefore, it is only possible to speculate that, for example, 

Sox2 is activated before Notch1. Both of the youngest embryos of Notch1 and Sox2 show staining, 

but the Notch1 embryo is slightly younger. Due to the larger extent of the staining in Sox2 at this 

slightly later stage, it was assumed that this gene was activated earlier without having embryos from 

the very early stages to pinpoint the exact stage of activation of both genes. The next stage of 

research, taking this into account, would involve more embryos including earlier stages with every 

stage used for every gene to give greater accuracy of analysis. This is difficult due to the long time 

scale and repetitive nature of the in situ hybridisation process and the inability to obtain embryos of 

precise stages.  

In addition the staining of the embryos involved the binding of RNA probes to mRNA within the cells. 

When dealing with such small variables it is very possible that some of these probes were not those 

of the genes which were being studied, but were instead transcribed from contaminate DNA that 

may have entered the PCR tubes. These probes may have bound with mRNA in cells that did not 

contain the genes being tested for and so gave a falsely positive result. In some cases strange 

staining was produced, because the rinsing of the embryos in the in situ hybridisations was not 

adequate for the stickier areas. Therefore, the main sources of error in the results are the artefacts 

produced due to a number of causes (see fig 11.).It was often easy to spot these errors as correct  

 

 

Fig.12. Possible 

artefacts.  
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staining is usually symmetrical across the embryo.  

Therefore when analysing these results the greater limiting factor was the lack of embryos used 

rather than errors in control of variables or other factors. This concludes that the results are reliable 

and accurate, but further repetition with more embryos is the best way to achieve comprehensive 

evidence. Further research will improve scientific knowledge of the genes and decrease uncertainty 

in these results. As a first round of in situ hybridisations the experiment was very successful. Most 

embryos produced staining, few were lost through damage and many stained in the brain region. 

This suggests that any further research is likely to be successful and a rewarding undertaking for any 

future scientist to take part in this research. 
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Glossary 
Transcription Factor: DNA binding protein that turns genes on or off (regulates the level of 
transcription) by binding to enhancer elements in DNA and interacting with RNA polymerase at the 
promoter. 
 
Central Nervous System: in the vertebrates, the brain and spinal cord; derived from the neural tube. 
 
Competent: able to take up DNA and become genetically transformed. 
 
Ectoderm: a: the outermost of the three primary germ layers of a triploblastic embryo. b: a tissue (as 
neural tissue) derived from this germ layer. 
 
Endoderm: One of the three primary germ layers formed in the embryo, moved into interior by cell 
movements during gastrulation. In vertebrates, this innermost layer of cells goes on to form the linings 
of the gut (oesophagus, stomach, intestines, rectum, colon), pharyngeal pouch derivatives (tonsils, 
thyroid, thymus, parathyroid glands), lungs, liver, gall bladder, pancreas.  
 
Marker gene: A gene or DNA sequence having a known location on a chromosome and associated with a 

particular gene or trait 

Mesenchyme: mesodermal cells in a developing embryo with the ability to move freely and individually 

Mesoderm: primary embryonic germ layer of triploblastic animals found between the outer ectoderm 
and the inner endoderm, which (in chordates) gives rise to notochord, bone, cartilage, muscle, other 
connective tissues, somatic gonad, urogenital tracts, kidneys, heart and circulatory system, blood, and 
portions of extra-embryonic membranes (in amniotes). 
 
Neural Tube: hollow cylindrical structure of neuroepithelial cells (in chordate embryos) that will give 
rise to the brain and spinal cord; an ectodermal derivative. 
 
Paralogs: similar genes created as a consequence of replications of the genome very early on during 
the evolution of life, thus most species have inherited genomes which have several copies of each 
gene. Over time, these replica genes have mutated independently, creating subtle differences in their 
sequence and therefore purpose; some to the extent that the copies of the gene code for different 
proteins which have both become necessary for cell function.  
 
Promoter: region of gene that binds RNA polymerase and transcription factors to initiate transcription. 
 
RNA polymerase: enzyme that synthesizes RNA from ribonucleotide precursors, using a DNA template. 

 

Triploblastic (adj.): having three embryonic germ layers (ectoderm, mesoderm, and endoderm); 
characterizes all animals except cnidarians, ctenophores and sponges which are considered diploblasts, 
lacking true mesoderm. 

 

  

http://www.biology-online.org/dictionary/Dna
http://www.biology-online.org/dictionary/Genetically
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Appendix 
 

 

 

  

Fig. 1. Alignment of the Neurogenin 1 sequence with the sequence produced by molecular 

cloning, showing the position of the primers.  
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Fig. 2. Alignment of the Neurogenin 2 sequence with the sequence produced by molecular 

cloning, showing the position of the primers.  
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  Fig. 3. Alignment of the Neurogenin 3 sequence with the sequence produced by molecular 

cloning (Lhx9), showing the position of the primers.  
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Fig. 4. Plasmid map for the BP 

recombination reaction for 

Neurogenin 1.  

Fig. 5. Plasmid map for the BP 

recombination reaction for 

Neurogenin 2.  
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Fig. 6. Plasmid map for the BP 

recombination reaction for 

Neurogenin 3.  
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