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Abstract 
This project examines the expression of the genes Crabp-1, c−NeuroM, c-
NeuroD, Notch-1, Sox-2 and c-Mash1 in the early central nervous system (CNS) 
in chicken embryos. The development of the CNS in chick embryos involves 
the differentiation of neuron cells from stem cells through the sequential 
activation and repression of certain genes. As yet, a detailed understanding of 
the sequence of neurogenesis in the early brain has not been established or 
documented. 
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 genes. The staining 
patterns produced have demonstrated both the sequence of gene expression 
(see Results 1)  and the similarity in expression of c-NeuroM and Tuj-1, (see 
results 2) (Ware and Schubert, 2011). The research additionally involved the 
isolation of probes for the Neurog-1, 2 and 3 genes using molecular cloning. 
Sequencing of these  has confirmed the success of the Neurog-1 and 2 probes 
and the error in the production of the Neurog-3 probe (see Results 3). 

Conclusions 
• Initial timeline of neural gene expression developed but  requires further in situ hybridisations of more HH 

stages and addition of more neural genes to be conclusive and comprehensive 
• c-NeuroM expression predates Tuj-1 but both show almost identical staining patterns in chick embryo 
brains, indicating that c-NeuroM acts as transcription factor to activate Tuj-1 and that c-NeuroM could be 
used as marker of early neurons 
• Neurog-1 and Neurog-2 fragments were cloned successfully, confirmed by sequencing and can be used by 
other scientists in further in situ hybridisations to add more genes to the timeline 
• Neurog-3  cloning was unsuccessful. Alternative clones from lanes 2 and 3 (see Fig. 5) must be sequenced to 
confirm whether either of these can be used to make RNA probes of Neurog-3 
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Fig 1. The timeline of neural gene expression in developing chick brain. 

The sequence of gene activation in neurogenesis is 
little documented. This study has established  a 
timeline of the sequence of activation of six neural 
genes involved in neurogenesis in chick embryo brains 
(Fig. 1) between HH7-14. The images of the 17 chick 
embryos were used to develop the timeline by 
determining the earliest stage at which the gene was 
activated and examining the extent of the staining. 
The staining patterns  of chick embryos stained for 
different genes were compared wherever the order of 
activation was unclear. The key images in this analysis 
are shown in Fig. 2. 

Fig 3. Expression of c-NeuroM in HH14 chick 
embryo. Neural tube of chick embryo was opened 
along red line (Fig. 4) and flattened to best 
demonstrate pattern of staining.  

Fig 4. Schematic dia-
gram of  HH14 chick 
embryo showing Tuj-1 
expression in brain. 
Source: Ware and 
Schubert, 2011 

 

Results 3: Neurog-1 and 2 probes were 

cloned successfully 
3’UTR fragments of the three neurogenin genes were amplified by PCR and isolated 
through molecular cloning. Fig. 5 shows the result of a colony PCR for the Neurog-3 
cloning. Samples in lanes 1-6 and 9-10 contained DNA of the expected length. Liquid 
cultures were set up of  the three Neurog-3 colonies corresponding to lanes 1-3, and 
also of six colonies each for Neurog-1 and Neurog-2. The plasmids were then 
extracted by alkaline lysis, and purified by ion exchange chromatography. The 
Neurog-1 and Neurog-2 clones were checked by restriction digest. One clone for 
each gene was sequenced. The sequencing confirmed the successful cloning of 
Neurog-1 and Neurog-2, but the Neurog-3 clone turned out to be a fragment of the 
Lhx9 gene instead. 

 

 
 
 

Fig 6. Gel electrophoresis  of 
restriction digest for Neurog-1 
and Neurog-2 clones. 

Fig 5. Gel electrophoresis  of colony PCR for Neurog-3 
clones to check insert size.  

Results 2: c-NeuroM 

and Tuj-1 show highly 
similar staining 
patterns 
The expression of c-NeuroM in this HH14 
embryo (Fig. 3) is almost identical to that 
of the gene Tuj-1 (a marker of 
differentiating neurons) in the 
forebrain(Fig.4). c-NeuroM is likely to 
initiate the activation of Tuj-1 because c-
NeuroM is activated earlier than Tuj-1 in 
the same cells. It also suggests that c-
NeuroM would be a viable marker of 
differentiating neurons. Tuj-1 is an 
established neuron marker and so c-
NeuroM may also be used as an earlier 
marker of the same class of neuron. 
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Fig. 2 The key images in developing the timeline. Each image shows the staining pattern of the youngest embryo in which each 
gene was found.  A. Sox-2, HH8. Extensive staining is shown throughout the brain region. B. Notch-1, HH7+. Staining is moderate 
and mostly in the midbrain region. C. c-Mash1, HH12. 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. Crabp-1, HH10+. No staining in the brain 
region. E. c-NeuroD, HH9+. No staining in the brain region. F. c-NeuroM, HH9. Some staining is shown in the midbrain. Much 
greater staining is shown in later stages (see Results 2). Key: fb: forebrain, mb: midbrain, hb: hindbrain 

Results 1: The sequence of 

neural gene expression  
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