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Table 2. List of homeobox genes of Mus musculus 
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The HUGO Gene Nomenclature Committee (HGNC) summarizes the normal 

function and health implications of these members of the Homeobox gene family 

(http://www.genenames.org/cgi-bin/genefamilies/).  

 

1.7 Obox family in early embryogenesis 

Oocyte-specific homeobox (Obox) genes have been reported previously and 

implicated in reproductive biology of the mouse (Rajkovic, Yan et al. 2002). Their 

results showed that Obox1 and Obox2 transcripts as preferentially expressed in the 

mouse unfertilized egg libraries. Obox1 and Obox2 transcripts encode homeodomain 

proteins of 204 amino acids that share 97% identity with each other. The Obox genes 

represent a new family of tissue-specific homeobox genes preferentially expressed in 

gonads (Rajkovic, Yan et al. 2002). Photoreceptor specific-homeobox gene (Crx) 

research indicated that homeodomain proteins bind DNA and affect transcription of 

other genes either ubiquitously or in a tissue-specific manner (Furukawa, Morrow et 

al. 1997). The Obox EST analyses are showed their expression preferentially in the 

Unigene cDNA libraries from unfertilized eggs and two-cell embryos. Northern blot, 

RT-PCR and in situ hybridization results show that Obox1, Obox2, Obox3, Obox5 

and Obox6 are expressed in oocytes, eggs and early embryos (Rajkovic, Yan et al. 

2002). In 2011, a research group form University of Oxford found that 36 Obox 

family in mouse, including one large cluster at chromosome 7 A1-2 regions (6 intron-

containing genes and 28 intronless loci) and two intronless probable pseudogenes at 

chromosome 17 B1 and E1. Subsequent research found there are pseudogenes in 

Obox gene family, such as Obox4. Another important feature of Obox gene family is 
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that those genes emerged specifically in rodents after the divergence of primates and 

rodents with further multiple duplications resulting in the tandem organization of 

Obox in murine genomes (Tian, Pascal et al. 2009, Zhong and Holland 2011, Zhong 

and Holland 2011). 

Mouse lacking Obox6 undergo normal embryonic development and are fertile, 

indicating Obox6 gene is not obligatory for fertility (Cheng, Sung et al. 2007). 

However, the functions of other Obox family members are still unknown. Therefore, 

studies are needed to understand their expression and potential contribution to PED in 

mouse. 
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Chapter 2 

Methods 

 

2.1 Data collection 

 The mouse preimplantation embryo single-cell RNA sequence (accession 

number: GSE45719) are retrieved from NCBI (National Center for Biotechnology 

Information). These expression profiling data were generated by Illumina HiSeq 2000 

sequencing platform.  

 The dataset contains 317 single-cell RNA-seq experiments (Supplemental 

Tables). The quality of reads is validated by fastQC then aligned reads using bowtie 

0.12.7 against the genome and transcriptome (Ensembl, version 16 May 2011) with 

the genotype of both strains, in mm9 coordinates. The pre-processed the expression 

datasets were stored in spreadsheets (Deng, Ramsköld et al. 2014), as shown in 

Figure 7, the first column contains 22,959 gene symbols, and columns 2 and 3 are the 

corresponding ref-seq IDs and Rpkm values, respectively. 

 

2.2 Data reconstruction 

 The workflow of data reconstruction is shown in Figure 7: (1) the 317 SRA 

experiments data are downloaded through NCBI; (2) the 50 files containing the 

expression data from the control experiments (e.g., BXC_liver_RNA.txt) are removed. 

These files are highlighted in the Supplemental Table 1. (3) The 267 files are merged 



 

 

22 

by gene symbols, which contain gene expression data continuously from zygote to 

late blastocyst. Finally, the first column of the reconstructed data represents the gene 

symbols, while the rest of the columns (columns 2~268) indicate the corresponding 

Rpkm values, respectively showing different stages of mouse embryogenesis. 
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Figure 7. Workflow of gene expression data reconstruction. There are four steps 
to reconstruct the data: (1). Search the data from NCBI Bioproject, (2). Download 
267 SRA experiments files, (3). Unzip files, (4). Merge files by gene symbols and 
calculate the standard deviation of RPKM values, then sort it by descending. Only top 
7000 genes were selected for further analysis. 

 

 

SRA	Experiments：267 

1. 

2. 

3. 

4. 
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2.3 Gene expression clustering 

 In order to find the gene expression changes during preimplantation embryo 

development, the standard deviation of Rpkm values from normalized gene 

expression matrix is calculated. The reconstructed data was sorted by standard 

deviation in a decreasing order. The first 7,000 genes were selected and saved as a 

tab-delimited text file for cluster analysis. The text file contains 7,000 gene symbols 

and 267 single cell experiments, making the input matrix size 7,000 X 267. 

 Cluster analysis is one of the most useful techniques available when analyzing 

gene expression data. It groups the objects into a set of disjoint classes, called clusters, 

so that objects within the same class have high similarity, while objects in separate 

classes are more dissimilar. Clustering could detect patterns in the data that are hard 

to find in traditional methods. It is also widely used in identifying outliers, incorrectly 

annotated samples, and other issues in the data.  

 In this study, Gene Cluster 3.0 was used for clustering. Before performing 

clustering, the gene expression data are transformed in such a way that each vector 

represents a gene and each element of a vector corresponds to the natural logarithm of 

the gene expression in a particular experiment. The clustering process via Gene 

Cluster 3.0 is as follows (illustrated in Figure 8): (1) Log transformation operation is 

under ‘Adjust Data’ tab, shown as a selection box of ‘Log transform data’, By 

clicking ‘Apply’, data transformation step is completed. (2) The transformed data are 

then filtered through the third filter under the ‘Filter data’ tab. This step removes 

genes that do not have sufficient read depth. (3) The ‘Center genes’ option creates a 

clear heat map from clustering. (4) The default hierarchical clustering method was 
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selected to cluster the gene expression. Pairwise distances between genes are first 

calculated and those with the shortest distance are grouped together into clusters. 

Then, the center of each gene cluster is treated as a new single point for the 

subsequent distance calculation. Clustering is performed by ‘Average Linkage’ with 

the option of “Cluster for both Genes and Arrays” under the ‘Hierarchical clustering’ 

tab. This process outputs three separate files in the output directory: top7000.atr, 

top7000.gtr and top7000.cdt. The first two files contain the clustering results, while 

the third one shows the heatmap. 
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Figure 8. Parameters setting of Gene Cluster 3.0. There are four steps to set the 
parameters: Load the data and select the log transform, Filter data, Adjust data and 
Hierarchical. 

 

2.4 Visualization 

 An open source, cross platform gene expression visualization tool, Java 

Treeview, was used to generate heatmap of top 7000 genes expression profiling. The 
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