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Chromatin spatial configuration and its role in the regulation of gene expression can be 

analyzed with chromosome conformation capture technologies at high resolution and 

throughput [1]. The alpha-globin gene domain is one of the most popular models to study the 

mechanisms of long-range and tissue-specific gene regulation [2]. 3C analysis of the alpha-

globin gene domain in chicken lymphoid and erythroid cells has revealed the dependence of 

its complex spatial configuration on the alpha-globin gene expression [3]. However, the role 

of its interactions with the neighboring region remains unclear. Chromosome Conformation 

Capture Carbon Copy (5C) technology is one of the possible ways to study this region, but it 

has never been used for the chicken chromatin analysis [4]. 

Here, we applied 5C technology to analyze the alpha-globin gene region in chicken cells. 

We used the results of 5C sequencing for three cell types of G.gallus (lymphoid cells DT40, 

proerythroblasts HD3 and induced erythroblasts HD3). We also used the results of RNA-Seq 

and ChIP-Seq for chromatin architecture protein CTCF for these cells. These data were 

provided by Laboratory of Structural and Functional Organization of Chromosomes, Institute 

of Gene Biology of the Russian Academy of Sciences. 



5C data were mapped, filtered, binned, balanced and smoothed, and contact probability 

heatmaps were produced. We tested two approaches for mapping (standard mapping tools 

and simple search algorithm), different binning windows sizes, several balancing methods 

(including BAC-normalization and iterative correction [5]), and different smoothing methods. 

We used Armatus algorithm [6] to test the heatmaps for the presence of topological domains 

(TADs) [7], and have shown that chicken chromatin is organized in TADs. 

In addition, we have identified two large compartments of chromatin in our data with PCA 

analysis [8]. The boundaries of compartments are concordant with TADs boundaries. 

Analysis of the RNA-Seq and ChIP-Seq for CTCF data has shown that one of the 

compartments (A) includes regions with high expression and the most CTCF peaks. Another 

compartment (B) includes region with inactive chromatin. Compartments and their 

boundaries are preserved between cell types and upon induction of proerythroblasts 

differentiation. The alpha-globin gene domain is located in the compartment of active 

chromatin. 

The alpha-globin expression is absent in lymphoid cells, low in proerythroblasts and high in 

induced erythroblasts. To detect chromatin decompaction in induced erythroid cells, we have 

applied the test for changes in intra-domain interaction frequency [9]. Also, Jaccard 

coefficient has been used to compare heatmaps of the chicken alpha-globin gene region 

between cell types. The results support the hypothesis of chromatin decompaction upon gene 

activation for alpha-globin region. 
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