Analysis of chromosomal preference for human and mouse transcription factors 
Chromosomal preference for the human and mouse transcription factors 

Several early elegant studies using micro-laser by Cremer and co-workers and recent real-time fluorescence microscopy experiments have elucidated that the organization of chromosomes within the eukaryotic nucleus is non-random and that they occupy distinct volumes called chromosomal territories. These observations have suggested that the non-random organization of the chromosomes could (i) allow functional compartmentalization of the nuclear space, thus potentially enhancing or repressing expression of specific genes and (ii) bring co-regulated genes into physical proximity in order to co-ordinate gene expression. The above-mentioned observations on the non-random nuclear architecture and chromosomal dynamics motivated us to ask if such considerations have placed constraints on the positioning of genes in chromosomes during the course of mammalian evolution. 

We asked if the targets of transcription factors tend to be preferentially encoded on some chromosomes, or if such preferences do not exist and hence the targets of a TF are randomly distributed on the different chromosomes. Hence, to investigate the existence or absence of any such patterns in the organization of genes in chromosomes, we first analyzed the chromosomal location of the targets for each TF in the network of protein-DNA interactions currently known for mouse and humans and compared the results to those seen in 1000 randomly generated networks (see Fig 1a in manuscript and methods). We found that all the studied TFs (7 TFs, 100% in the dataset, p-value < 10-3) showed a striking preference to encode a major fraction of target genes on at least one particular chromosome (see figure below).
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(a) Human data
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(b) Mouse data

Chromosomal preference for binding by mammalian transcription factors. Each column in the matrix represents one of the 23 chromosomes labelled 1 to 22 and chromosome X in the case of humans (a) and 20 chromosomes in the case of mouse (b). Each row represents the Z-score significance profile of a particular transcription factor (shown on the right) to have its targets preferentially located on the different chromosomes (see manuscript for methods). If there were no preferences, all cells would be coloured black. The fact that we observe these transcription factors to have very significant preference to have targets on one or a few chromosomes (red cells) in the real network strongly suggests that there is a chromosomal preference for transcription factors. All p-values are statistically significant.

These results are interesting for several reasons:

(i) Oct4 of mouse shows preference for chromosomes 2, 4, 5 and 11 while the human Oct4 shows preference for chromosomes 1 and 6 at a Z-score cut-off of > 3. 

(ii) Similarly another TF which is screened in mouse and human is Nanog and this TF in mouse shows preference for chromosomes 1, 4 and 5 while in human its shows preference for chromosomes 1 and 6. 

These findings suggest that though the differentiation factors are evolutionarily conserved, their targets are located on different chromosomes in humans and mouse raising the interesting possibility that the targets themselves may be different or that extensive recombination of genetic material has given rise to such a pattern. Taken together with the results presented in our manuscript, this provides compelling evidence that genome organization is influenced by transcriptional regulation and that this is a paradigm that is applicable to other eukaryotes. 
Materials and Methods
Dataset

The transcriptional regulatory network for human and mouse was assembled from the results of recently published ChIP-chip and ChIP-PET experiments 1-5. For ChiP-chip data only the interactions with p-value ≤ 0.001 and S.D. ≥ 4 from these high-throughput experiments were considered while for ChiP-PET data the high quality regions reported in a recent study have been considered5. For humans, we were able to assemble a network, which included 4 DNA-binding transcription factors and 1916 target regions across 23 chromosomes. For mouse, the network consisted of 3 transcription factors, with 1683 regulatory interactions. Genomic coordinates of all the protein coding genes on the human and mouse genomes were obtained from the NCBI. 

Calculation of chromosomal affinity

In order to test whether a given TF has a preference to bind to a particular chromosome more often than expected by chance, we first constructed a ‘chromosomal binding profile’. This is a ‘n’ dimensional (one for each chromosome) vector describing the number of binding events in each chromosome.  Subsequently, we obtained an expected ‘chromosomal binding profile’ by using 1000 randomly re-wired networks, and taking it through a similar procedure. The preference of a TF to bind a particular chromosome was measured using the Z-score and p-value profiles.  The Z-score profile was calculated based on average binding frequency and standard deviation seen in random networks (see Fig 1a in the manuscript). The p-value significance for each TF for each chromosome was estimated as the fraction of the 1000 random networks that showed an equal or higher number of binding events than in the real network. The p-value profile was obtained in a similar manner across the different chromosomes for all TFs. Only those TFs which showed a preference to bind to at least one chromosome with a Z-score ≥ 3 and p-value ≤ 10-3 were considered significant.
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