
in situ hybridisations were carried out on chick embryos. This process produced a 
purple stain in every cell  of the chick embryo that contained the gene I was probing 
for. The staining patterns were widely conclusive. I analysed these staining patterns to 
gain a greater understanding of where each gene fits in the sequence of neuron 
differentiation and to propose possible relationships between the genes. The timeline 
(above) shows a possible sequence of gene expression and the following images 
demonstrate how the staining patterns were analysed to construct this timeline 

The Results 
Remember:  
•The embryo is naturally colourless so all clear regions contain cells in which 
the neural gene is not activated 
•Each purple speck indicates a cell or group of cells in which the gene is 
activated 
•The embryo below is orientated with the head on the left and the tail on the 
right and we are looking at the central neural tube as this forms the central 
nervous system 

Forebrain  
No staining at this 
stage therefore 
either: 
•Neurons in this 
region of the brain 
do not require this 
gene for function 
•The gene is 
activated later in 
the sequence of 
neuron 
differentiation 

Spinal chord section of neural tube. 
Speckled staining at this stage so it is possible that: 
•Some spinal neurons e.g. relay neurons require this 
gene for function 
•This is the first stage of this gene’s expression so 
only a few cells have begun to express the gene 
•These cells may migrate out of the spinal chord and 
from structures that surround the central nervous 
system 
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Neural tube This forms the central 
nervous system of the chick i.e. the brain 

and the spinal chord 

Potential 
•Saves time and money in 
future research because 
enables scientists to know 
when and where to find the 
expression of a gene 
•Provides a basis for further 
research to complete the 
timeline to lead to 
possibilities such as 
growing neurons from a 
person’s own stem cells in 
the lab 
 

Successes 
•Constructed using a 
set of positive and 
successful results 
which gave strong 
evidence 
•Has added to the 
understanding of gene 
expression and 
highlighted areas for 
future research by 
other scientists 
 

Failures 
•Only gives information on six 
neural genes i.e. more genes 
must be added to make the 
timeline comprehensive and 
conclusive 
•Only covers HH stages 7 to 12 
i.e. stages 1-6 and 13-46 are 
missing 
•(The HH stages are the 
conventional 46 stages of an 
embryo as defined by  
Hamilton and Hamburger) 

The analysis of the brain regions of the stained chick embryos gave 
evidence that allowed me to structure an initial timeline of the order in 

which genes are expressed in differentiating neurons.  
Each neural gene had been probed for in 3 chick embryos of different 

stages of development. I therefore initially determined the earliest chick 
embryo in which each neural gene was expressed. If two genes were 

expressed first at the same stage, I then evaluated the abundance of the 
cells that were stained. If one gene produced a darker or more 

widespread staining pattern, I assumed that this gene must have been 
activated for longer because it had become activated in more and more 

cells over time. Some genes were not expressed at all, leading to the 
conclusion that if I were to continue this research, I would have to use a 

wider range of chick embryo stages. The end results are shown in the 
timeline (above) 

The Timeline Evaluation of The Timeline 

How to analyse a staining 
pattern 

How to navigate a chick embryo 

The equivalent forebrain, midbrain and 
hindbrain regions of the human brain 


