
A genome region containing a gene (or a group of

genes) together with a complex of regulatory elements

controlling functioning of the gene(s) is called a genomic

domain. Genomic domains can be of open and closed

types.

The open type domains include tissue�specific gene

domains with an increased sensitivity to DNase I in cells

with the active corresponding genes. Such domains are

exemplified by domains of β�globin genes of vertebrates

and the chicken ovalbumin gene domain. Boundaries of a

closed type domains coincide with those of a region with

increased sensitivity to DNase I. The open type domains

are located in the gene�rich genomic regions, have no dis�

tinct boundaries, and are often overlapped with domains

of other genes. Moreover, the open type domains con�

taining tissue�specific genes are characterized by

increased sensitivity to DNase I in cells of all lineages

(also including cells without expression of the domain

residing tissue�specific genes). Specific features of organ�

ization of the different type genomic domains have been

discussed in detail in our preceding reviews [1�3].

The chicken α�globin gene domain is an open type

domain. The figure presents a scheme of the organization

of this domain. The α�globin gene cluster proper is ~8 kb

in length. Immediately before this cluster, the housekeep�

ing gene ggPRX with yet unknown functions is located

[4]. The major regulatory element controlling the func�

tional activity of the α�globin gene domain is located in

the fifth intron of this gene [5]. Between this regulatory

element and the globin genes proper, the MAR�element

(Matrix Associated Region is a DNA fragment capable of

preferential binding in vitro with isolated nuclear matrix)

[6], which acts as an insulator, is located [7]. Insulators

are special genomic elements that limit the region of

enhancer effect and prevent propagation of various sig�

nals along a chromatin fibril [3, 8, 9].

A reasonable question arises—is it possible to at least

approximately determine the length and boundaries of

the α�globin gene domain if this domain has no differen�

tiated sensitivity to DNase I in erythroid and non�ery�

throid cells? This question may well be answered in the

affirmative. There are two groups of experimental data

that allow us to say that the functional domain of α�glo�

bin genes is significantly larger than the gene cluster itself.

First of all, analysis of distribution of erythroid�specific

regions of hypersensitivity to DNase I allows us to
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approximately map boundaries of the erythroid�specific

genomic domain containing the chicken α�globin gene

cluster [9] (figure, panel (b)). Moreover, the same genom�

ic domain in erythroid cells can also be identified on ana�

lyzing the site�specific acetylation of histones [10] (fig�

ure, panel (c)). Both experimental approaches suggest

that the chicken α�globin gene domain begins at the dis�

tance of ~21 kb before the embryonal α�globin gene π
(i.e., approximately at the location of the major regulato�

ry element of the α�globin gene cluster) and terminates

several kilobase pairs after the gene αA, which is the last

gene of the α�globin gene cluster. It has long been known

that not only globin genes are transcribed in chicken ery�

throid cells but also a rather long 5′�terminal region of the

domain [11, 12]. The situation seems to be rather compli�

cated for analysis because this region contains a house�

keeping gene (figure, panel (a)), which is transcribed in

direction opposite to that of the α�globin gene transcrip�

tion. However, working with K. Scherrer, we demonstrat�

ed that this region is also transcribed in the same direction

as that of the globin genes [13]. It has been also shown

that, first, the transcript synthesized in the direction of

the α�globin gene transcription is erythroid�specific; sec�

ond, the transcriptional unit boundaries virtually coin�

cide with those of the α�globin gene domain, and the

transcript is continuous and, hence, called a domain�

wide transcript ([13] and references therein); third, the

domain�wide transcript origin is really coincident with

the location of the major regulatory element of the α�glo�

bin gene domain [14], synthesis of the domain�wide tran�

script begins in pre�erythroblasts, and the transcription

product (the domain�wide transcript) remains in the cell

nucleus [15] where it contributes to formation of the

nuclear matrix [16]. All these observations suggest that

the α�globin gene domain in pre�erythroblasts should be

activated according to Travers’ hypothesis [17].

According to this hypothesis, the elongating complex of

RNA polymerase II can act as a vehicle which, moving

along the genomic domain, can “carry” histone acety�

lase, chromatin remodeling complexes, and other

enzymes necessary for activation of the chromatin

domain. By now, Travers’ hypothesis has been directly

confirmed experimentally [18, 19]. The major regulatory

element of the chicken α�globin gene domain located in

the fifth intron of gene ggPRX (and similar regulatory ele�

ments of the α�globin gene domains of other vertebrates

[5, 20, 21]) includes a powerful erythroid�specific

enhancer operating with involvement of the protein fac�

tor NF�E2 and low�molecular�weight proteins of the Maf

group [5, 22]. Our experimental findings suggest that, in

addition to the enhancer, this regulatory element of the

chicken α�globin gene domain also includes a domain�

wide transcript promoter [14]. It seems that the enhancer

is activated even in immature erythroblasts due to an

increase in the concentration of erythroid�specific tran�

scriptional factors. This triggers the domain�wide tran�

Organization of the chicken α�globin gene domain. a) The domain scheme presenting locations of the genes, enhancers, and insulators.

The distances in the scheme are given in base pairs according to the nucleotide sequence deposited in the GeneBank database (No.

AY016020). The horizontal black arrow under the scheme indicates a genome�wide transcript [11]. The origin of the replication region (ori)

corresponds to data presented in works [34, 35]. The gene TMEM6 is an open reading frame presumably encoding a transmembrane pro�

tein [4]. b) Distribution of regions hypersensitive to DNase I (DHS) in the long genomic stretch containing the α�globin gene cluster. The

short arrows indicate erythroid�specific regions of hypersensitivity, the long arrows with the letter “C” indicate permanent regions of hyper�

sensitivity. c) Position of the histone hyperacetylation domain arising in pre�erythroblasts
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script synthesis coupled with changes in the chromatin

configuration of the α�globin gene domain, which, in

particular, is manifested by changes in the acetylation

type of histones throughout the whole domain [10]. It

should be noted that a similar mechanism is realized dur�

ing the activation of the “adult” subdomain of human β�

globin gene domain. A long transcript containing globin

genes (δ and β) functioning in the adult organism and

intergene stretches was also identified there. Deletion of

this promoter transcript resulted in inactivation of the

subdomain containing the δ and β genes, although the

promoters of these genes and the locus�controlling region

were unaffected [23].

Returning to the chicken α�globin gene domain, we

would like to emphasize that a distant enhancer cannot

interact with globin genes in pre�erythroblasts because of

the presence between it and the promoters of a group of

CTCF�dependent insulators [7]. These insulators are

inactivated in mature erythroblasts, which is manifested

by the absence of CTCF bound with the insulators [7].

The nature of the insulator inactivation is not quite clear.

Up to now only one class of CTCF�dependent condi�

tional (i.e. switching on or off in response to certain sig�

nals) insulators has been described, with the activity reg�

ulated through methylation of the CTCF binding site

[3]. In the case of insulators located in the 5′�terminal

region of the α�globin gene domain, this mechanism is

unable to function because of absence of CpG dinu�

cleotides in the CTCF recognition sites necessary for

functioning of these insulators. It should be emphasized

that the presence of 11 zinc fingers allows CTCF to rec�

ognize different genomic sequences, which cannot be

represented as some even rather degenerated consensus.

Most probably, in mature erythroblasts CTCF is dis�

placed with involvement of erythroid�specific transcrip�

tional factors competing for the overlapping binding

sites. This hypothesis is indirectly confirmed by location

of the insulators under discussion within the limits of the

erythroid�specific regions of hypersensitivity to DNase I

[7]. In any case, insulators separating the distant

enhancer and globin gene cluster are inactivated in

mature erythroblasts, and this ensures the possibility of

direct interaction of this enhancer with the globin gene

promoters.

The chicken α�globin gene domain, similarly to the

α� and β�globin gene domains of other vertebrates, is

characterized by switching of the gene expression during

the development. During chicken embryogenesis, the

gene π located in the beginning of the α�globin gene

cluster is preferentially expressed. The preferential

expression of this gene may be due to its closest location

to the distant enhancer element. Consequently, from the

pure statistical viewpoint, the complexing of the distant

enhancer and this gene promoter is the most probable.

Here, the situation is quite similar to the situation with

the human β�globin gene domain, where the embryonal

gene ε is located most closely to the locus control region

[24]. On the termination of embryogenesis, the gene π
promoter is inactivated by methylation, which stops the

expression of this gene [25]. In mature chicken erythro�

blasts, two α�globin genes (αA and αD) are expressed.

The expression of these genes is controlled by both the

distant enhancer located in the 5′�terminal region of the

domain and a powerful erythroid�specific enhancer

located after the gene αA [26]. The activity of this

enhancer crucially depends on the presence of the ery�

throid�specific transcriptional factor GATA�1 [26].

Correspondingly, this activity can be regulated through

changes in the expression level of this transcriptional

factor. Moreover, a silencer is located adjacent to the

enhancer [27]. In what manner the correlative activities

of the enhancer and silencer are regulated during the dif�

ferentiation of erythroid cells remains unclear. It has

been recently shown [28] that, in addition to the GATA�

1 factor, the factor YY1 physically interacting with

GATA�1 also binds with this enhancer under certain

conditions. The same authors have also shown that in

pre�erythroblasts this enhancer activity is suppressed on

the level of packing into chromatin [28]. The distant

enhancer and the enhancer adjacent to the αA gene are

functioning with involvement of different transcriptional

factors (NF�E2 and GATA�1, respectively), and this

suggests a possibility of differential activation of these

enhancers through changes in the correlative concentra�

tions of NF�E2 and GATA�1.

As noted above, the chicken α�globin gene domain,

similarly to α�globin gene domains of other vertebrates, is

characterized by overlapping with a housekeeping gene

(the −14 gene in human [29], the ggPRX gene in chicken

[4]). Under conditions of α�globin gene domain activa�

tion accompanied, in particular, by arising of a hyper�

acetylated chromatin domain, which also contains pro�

moters of the above�mentioned genes [10], the expression

of these genes can increase. It is difficult to predict the

consequences of this, because functions of the house�

keeping genes overlapping with the α�globin gene cluster

are still undetermined. However, it is unlikely that the

increase in the expression level of these genes is necessary

for differentiating erythroid cells. In fact, we have found

that in the chicken α�globin gene domain the gene

ggPRX promoter is controlled by the CTCF�dependent

conditional silencer, which is activated in erythroid cells

[30].

In conclusion, note that organization and operation

principles of the chicken α�globin gene domain are sub�

stantially similar to those of the α�globin gene domains of

other vertebrates. Additional information concerning this

problem can be found in some recently published papers

[31�33].
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