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Abstract GATA transcription factor family members

GATA1 and GATA2 play crucial roles in the regulation of

lineage-restricted genes during erythroid differentiation.

GATA1 is indispensable for survival and terminal differ-

entiation of erythroid, megakaryocytic and eosinophilic

progenitors, whereas GATA2 regulates proliferation and

maintenance of hematopoietic stem and progenitor cells.

Expression levels of GATA1 and GATA2 are primarily

regulated at the transcriptional level through auto- and

reciprocal regulatory networks formed by these GATA

factors. The dynamic and strictly controlled change of

expression from GATA2 to GATA1 during erythropoiesis

has been referred to as GATA factor switching, which

plays a crucial role in erythropoiesis. The regulatory net-

work comprising GATA1 and GATA2 gives rise to the

stage-specific changes in Gata1 and Gata2 gene expression

during erythroid differentiation, which ensures specific

expression of early and late erythroid genes at each stage.

Recent studies have also shed light on the genome-wide

binding profiles of GATA1 and GATA2, and the signifi-

cance of epigenetic modification of Gata1 gene during

erythroid differentiation. This review summarizes the cur-

rent understanding of network regulation underlying stage-

dependent Gata1 and Gata2 gene expressions and the

functional contribution of these GATA factors in erythroid

differentiation.

Keywords GATA1 � GATA2 � Transgenic mouse �
Differentiation � Erythroid � BAC (bacterial artificial

chromosome)

Introduction

The mechanisms underlying lineage-specific hematopoietic

differentiation have been studied extensively to elucidate

how particular transcription factor networks influence each

differentiation process. Upon hematopoietic differentiation,

lineage-specific gene expression programs are directed

through such transcription factor networks to generate the

diversity of cellular function in each hematopoietic lineage.

The GATA family of transcription factors, which com-

prises six members (GATA1 through GATA6) in mam-

mals, is one of the key regulators orchestrating such

transcription factor networks [1–3]. GATA proteins bind

most avidly to the consensus motif (T/A)GATA(A/G)

through two characteristic zinc-finger motifs, which are

conserved among the six GATA family members [4, 5]. Of

these, GATA1–3 constitute the ‘‘hematopoietic GATA’’

subfamily due to their prominent expression in hemato-

poietic cells [5–7]. GATA1 is a prototypical transcription

factor that promotes hematopoietic differentiation in ery-

throid, eosinophilic and megakaryocytic lineages. A series

of gene-targeting studies in mice revealed that GATA1 is

essential for the differentiation of erythroid cells [8–10]. In

contrast, GATA2, which is predominantly expressed in

hematopoietic stem and progenitor cells, regulates their

proliferation and maintenance [11, 12].

Regulatory interactions between these two GATA fac-

tors during erythropoiesis have long been examined

exploiting a variety of experimental approaches. A growing

body of data has provided substantial insight into the
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regulatory functions of each cis-element in the Gata1 and

Gata2 genes. In the present review, we summarize recent

topics that address the molecular mechanisms of the reg-

ulatory network underlying lineage-specific Gata1 and

Gata2 gene expression and the intimate cooperation of

these transcription factors during erythropoiesis.

Gata1 gene structure and Gata1 hematopoietic

regulatory domain

The murine Gata1 gene contains two non-coding first

exons, termed IT and IE, and five coding exons (Fig. 1a)

[6, 13, 14]. The proximal IE exon directs Gata1 expression

in hematopoietic cells [13, 15], while the distal IT exon

primarily directs Gata1 expression in testicular Sertoli cells

[16, 17]. The regulation of Gata1 gene was initially studied

using erythroid cell lines, MEL and K562 [18, 19], and was

subsequently studied in greater detail through in vivo

transgenic reporter mouse approaches [14, 20]. We found

that an 8.5-kb Gata1 genomic region covering 3.9-kb

upstream of exon IE to the second exon harbors sufficient

regulatory information to induce hematopoietic lineage-

specific expression of b-galactosidase reporter in both yolk

sac-derived primitive and fetal liver-derived definitive

hematopoietic cells in transgenic mouse assays [14, 20].

This region is referred to as the Gata1 hematopoietic reg-

ulatory domain (G1HRD; Fig. 1b) and utilized as an

extremely useful genetic tool that directs erythroid- and

megakaryocyte-specific expression of various transgenes

[21–23].

We have generated a mutant mouse line bearing a Gata1

knockdown allele, Gata1.05, in which Gata1 mRNA

expression is suppressed to approximately 5 % of the wild-

type level [9]. Hemizygous (Gata1G1.05/Y) male embryos

harboring Gata1.05 knockdown allele succumb around

embryonic day 10.5 (E10.5) due to severe anemia, indi-

cating that 5 % of GATA1 production is insufficient to

support embryonic erythropoiesis [9]. Importantly, when

GATA1 is expressed under the direction of G1HRD,

transgenic GATA1 restores hematopoiesis in Gata1.05

knockdown mice, thereby rescuing knockdown mice from

embryonic lethality [10], which indicates that G1HRD

harbors sufficient regulatory information to support Gata1

gene expression for physiological hematopoiesis.

Sequences and mechanisms that regulate Gata1

transcription

The G1HRD-based transgenic rescue system has been

extensively used for the dissection of functional domains of

GATA1 protein and the functional evaluation of hemato-

poietic disease-related mutants of GATA1 [24, 25]. A

number of studies have addressed the regulatory mecha-

nisms by which Gata1 gene expression is regulated through

the use of a G1HRD-based b-galactosidase reporter trans-

genic mouse system. These analyses have revealed the

existence of multiple cis-regulatory elements that confer

lineage- and stage-specific Gata1 gene expression [14, 20,

26, 27].

Of the cis-acting regulatory elements, Gata1 hemato-

poietic enhancer (G1HE), which is located at the 50 end of

G1HRD (Fig. 1a), is one such regulatory region. In trans-

genic reporter mouse assays, a deletion of 1.3-kb region

from the 50 end of G1HRD (including G1HE) completely

abolished LacZ reporter gene expression in erythroid and

megakaryocytic lineage cells in the fetal liver hematopoi-

etic cells [14, 20]. Further dissection of G1HE revealed that

a 235-bp region at the most 50 end of G1HE, which is

designated as the G1HE core region, is essential for the

activity of G1HE element (Fig. 1a) [20, 26]. The G1HE

core region contains an evolutionarily conserved GATA-

binding motif. A substitution mutation of the GATA motif

in the context of G1HRD-based vector significantly

decreased the expression of LacZ reporter in fetal liver

hematopoietic cells, underscoring the importance of the

GATA site for hematopoietic GATA1 expression [20].

Also of interest, two adjacent CACCC boxes are located

at around -201 to -186 bp in close proximity to the IE

promoter (Fig. 1a). This region was originally reported as a

DNase I hypersensitive (HS) site [18]. While the contri-

bution of these CACCC boxes to the Gata1 gene expres-

sion was shown by transient reporter transfection assays in

erythroid cell lines in the initial stage of Gata1 study [18],

the physiological significance of these elements in vivo

a

b

c

Fig. 1 a Mouse Gata1 gene harbors two first exons (IT, testis exon 1;

IE, hematopoietic exon 1) and four regulatory modules (G1HE core,

dbGATA/CP2, CACCC and first intron element). b G1HRD (Gata1

Hematopoietic Regulatory Domain) carries a 3.9-kb 50-flanking

sequence, IE exon, a 4.2-kb first intron, and second exon non-coding

sequences. c A 659-bp GdC minigene containing G1HE, double

GATA and CACCC motifs in the G1HRD. Note that this minigene

elicits sufficient regulatory activity to direct erythrocyte-specific

Gata1 expression upon equipping the first intron element
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remains unclear. One transgenic reporter mouse experi-

ment has shown that mutation in one of the two CACCC

boxes hardly affects the G1HRD-directed LacZ reporter

expression, suggesting that one of the two CACCC ele-

ments may suffice for hematopoietic Gata1 expression [26,

27]. The most plausible trans-activating factor that binds to

these elements would appear to be Erythroid Krüppel-like

Factor (EKLF or KLF1) [28]; however, no direct evidence

for this assertion has been reported.

Thirdly, a palindromic GATA-binding site (dbGATA) is

located 700-bp 50 to the IE exon (Fig. 1a), which has eight-

fold higher binding affinity than a single GATA site [29, 30].

Targeted deletion of the dbGATA site (DdbGATA) leads to

selective loss of the eosinophil lineage [31], while the sig-

nificance of the dbGATA site for Gata1 gene expression in

erythroid and megakaryocytic progenitor cells has largely

been unexplored. In this regard, recent studies using the

G1HRD-based transgenic reporter mouse assay have

revealed that the dbGATA site is essential for GATA1

expression in fetal liver hematopoietic cells [26, 27].

CP2 is a ubiquitously expressed transcription factor

belonging to the Drosophila grainyhead-like gene family

[32]. CP2 participates in the regulation of a- and b-globin

gene expression [32, 33]. CP2-binding sites are located in

close proximity to GATA-binding sites in the promoter and

enhancer region of erythroid genes (e.g., GATA1, EKLF,

and p45 NF-E2). Indeed, an evolutionally conserved CP2-

binding site lies adjacent to the dbGATA site in the Gata1

regulatory region (Fig. 1a) [34]. In the G1HRD-directed

reporter assay system, both the dbGATA- and CP2-binding

sites participate cooperatively in Gata1 gene regulation in

erythroid cells [27]. Direct interactions between CP2 and

GATA1 may be responsible for erythroid-specific regula-

tion of the Gata1 gene [34].

Finally, an element localized in the first intron appears

to be essential for definitive hematopoietic cell-specific

G1HRD transgene expression in mouse fetal liver, whereas

this region is dispensable for Gata1 gene expression in

yolk sac primitive erythroid cells [14]. In the transgenic

reporter analysis, Gata1 expression in definitive erythroid

cells and megakaryocytes requires a 320-bp region in the

Gata1 first intron [26], which contains GATA motifs and

AP1 repeats (Fig. 1a). Seven highly conserved GATA

motifs, and two alternative transcription start sites (IEb and

IEc), are also identified in this region [15].

GdC minigene: minimal sufficient regulatory element

for hematopoietic Gata1 expression

Efforts to isolate minimal cis-acting element sufficient for the

hematopoietic Gata1 gene expression led to the identification

of a 659-bp small DNA fragment containing the

aforementioned three core elements [i.e., G1HE, double

GATA and CACCC (?CP2) motifs in the G1HRD]. This

fragment elicits regulatory activity sufficient to direct Gata1

expression in yolk sac erythroid cells [26], and is referred to

as Gata1 GdC minigene (Fig. 1c). The GdC-minigene frag-

ment is indeed capable of functionally replacing the 3.7-kb 50-
upstream regulatory region of Gata1 gene by directing the

hematopoietic lineage-specific gene expression in the context

of a Gata1 bacterial artificial chromosome (BAC)-based

transgenic mouse assay [35]. These three regulatory elements

are thus crucial for hematopoietic Gata1 gene expression.

Dynamic expression profiles of GATA1 and GATA2

during erythropoiesis

Throughout the erythroid differentiation process, GATA1

orchestrates dramatic changes in the expression of a series of

genes, which promote essential steps required for the pro-

liferation and differentiation of erythroid progenitors. In the

early stage of erythroid commitment, GATA1 expression is

first initiated at the common myeloid progenitor (CMP) stage

(Fig. 2). Subsequently, GATA1 expression increases and

reaches a peak when erythroid-committed progenitors give

rise to proerythroblasts [36, 37]. When proerythroblasts

enter terminal erythroid differentiation, GATA1 directly

activates a number of erythroid-affiliated genes, i.e. b-glo-

bin, Alas2 and Gata1 itself, and represses a number of genes

essential for progenitor proliferation in the early stage of

hematopoiesis, including Gata2, c-Kit, c-Myb and c-Myc [7].

From the late erythroblast stage onward, GATA1 expression

levels decrease toward maturation of red blood cells [36, 37].

Fig. 2 Reciprocal expression profiles of GATA1 and GATA2 during

erythropoiesis. GATA1 expression is initiated at common myeloid

progenitors (CMP) stage and reaches a peak at the proerythroblast

(ProEB) stage. From the late erythroblast stage onward, GATA1

expression levels decrease toward maturation of red blood cell (RBC).

GATA2 is preferentially expressed in hematopoietic stem cell (HSC)

and hematopoietic progenitor cells, including CMP, megakaryo-

erythroid progenitor (MEP), and burst forming unit-erythroid (BFU-

E). GATA2 expression is suppressed by the increase of GATA1

activity from CFU-E (colony forming unit-erythroid) stage onward
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This series of changes in GATA1 expression level is essen-

tial for erythropoiesis. Indeed, forced GATA1 expression

driven by human b-globin gene promoter in the terminal

erythroid differentiation stage leads to defective erythroid

cell maturation, indicating that aberrant GATA1 activity

inhibits terminal erythroid differentiation [38].

In contrast to GATA1, GATA2 is preferentially expressed

in hematopoietic stem cells (HSC) and early hematopoietic

progenitor cells (HPC; Fig. 2). GATA2 is essential for the

development and maintenance of these fractions [11, 39–41].

GATA2 haploinsufficiency impairs the quality of both

embryonic and adult HSC, and eventually leads to a reduction

of early HSC population [12]. Two independent studies dem-

onstrated that Gata2 4th intron regulatory elements (Gata2 VE;

vascular enhancer/?9.5-kb GATA motifs) [42] are crucial for

GATA2 expression in HSCs [43, 44]. Of note, a heterozygous

28-bp deletion within this element was identified in a patient

with MonoMAC syndrome, an autosomal dominant condition

that features recurrent mycobacterial infection associated with

deficiencies of monocytes, B cells and NK cells, and myelo-

dysplasia [43]. Gata2 expression from the mutated allele was

reduced in the peripheral blood monocyte of the patient, sug-

gesting a causal contribution of the ?9.5-kb deletion to the

diminished GATA2 level and the subsequent pathogenesis of

MonoMAC syndrome.

GATA switching underlies erythropoiesis

Hematopoietic stem and progenitor cell compartments

abundantly express GATA2. The Gata2 gene is trans-acti-

vated by the binding of GATA2 itself to multiple auto-reg-

ulatory GATA sites at -77 kb, -3.9 kb, -2.8 kb, -1.8 kb,

and the 4th intronic Gata2 VE/?9.5-kb regions relative to

the Gata2 IS exon (Fig. 3a, b). GATA2 also participates in

the activation of Gata1 gene expression at the initial phase of

erythroid/megakaryocytic differentiation (Fig. 3a). During

terminal differentiation of erythroblasts, Gata1 gene

expression is maximized by GATA1-mediated auto-regu-

latory loop through the GATA sites in the Gata1 gene

hematopoietic regulatory region. Thereafter, the increased

level of GATA1 displaces GATA2 at the multiple GATA-

binding sites of the Gata2 gene and suppresses its expression

[3, 45, 46]. This biphasic transition of dominant GATA

factors has been referred to as the ‘‘GATA Factor Switch-

ing’’, which is essential for proper erythropoiesis.

As described earlier, G1HRD-directed transgenic

GATA1 expression completely restores hematopoiesis in

the Gata1.05 knockdown mice; the rescued mice are

referred to as G1R mice [10]. G1R mice survive to adult-

hood without any hematological abnormality throughout

their lives. Given this result, another transgenic rescue

assays have been conducted by crossing G1HRD-GATA2

transgenic mice to Gata1.05 knockdown mice to address

physiological importance of GATA1/GATA2 balance

in vivo. G1HRD-directed GATA2 is found to sustain

embryonic hematopoiesis and rescue Gata1.05 mice (G2R

mice) from embryonic lethality. However, G2R mice

exhibit significant anemia in later adult stages [10]. In the

G2R mouse, GATA2 expression recapitulates that of

GATA1 and substitutes for GATA1 function in the

Gata1.05 knockdown mice. It thus appears that normal

GATA factor switching from GATA2 to GATA1 does not

occur in G2R mice. These results thus indicate that the

GATA factor switching is essential to fully develop

hematopoietic system in adult stage.

Binding profiles of GATA1 and GATA2 to genome-wide

GATA motifs in a proerythroblast cell line

A proerythroblast-like cell line GAK14 (Gata1 gene

knockdown c-Kit? leukemia-derived cell line 14) has been

a

b

Fig. 3 a GATA factor switching. GATA2 auto-activates Gata2

expression and transactivates Gata1 expression in hematopoietic

progenitors (left). In erythroblast differentiation, GATA1 auto-

activates Gata1 expression (right) and Gata2 expression is decreased

due to GATA1-mediated suppression. b Gata2 gene harbors two

distinct first exons. The 50-distal first exon (IS) is specifically

expressed in hematopoietic and neural cells, whereas the gene-

proximal first exon (IG) is transcribed in almost all Gata2-expressing

cells [40, 41]. Blue boxes depict coding exons. GATA-switching site

at -77, -3.9, -2.8, and -1.8 kb and the 4th intronic ?9.5 kb (Gata2

VE; vascular enhancer) regions are indicated
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established from erythroleukemia cells spontaneously

developed in Gata1 gene knockdown heterozygous female

(Gata1G1.05/?) mice [47]. GAK14 cells actively proliferate

as immature erythroid progenitors. GAK14 cells abun-

dantly express GATA2, while GATA1 expression is sig-

nificantly diminished in these cells. When exogenous

GATA1 activity is introduced into GAK14 cells, erythroid

differentiation of the cells is resumed, but GATA2

expression is concomitantly suppressed. The rescued cells

are referred to as GKG cells. GAK14 and GKG cells serve

as cellular models for two different stages of erythroid

progenitors.

Taking advantage of an in vitro erythroid differentiation

system, GATA2 and GATA1 ChIP-chip analyses have

been conducted to examine binding profiles of GATA1 and

GATA2 to genome-wide cis-regulatory GATA motifs

during erythropoiesis [48]. Through this analysis, GATA-

binding motifs were classified into three categories based

on binding profiles of GATA1 and GATA2 (Fig. 4). In this

study, GATA sites that are exclusively occupied by

GATA2 in GAK14 cells were categorized as GATA2-

preferred sites (top panel), and GATA sites showing both

GATA2 binding in GAK14 cells and GATA1 occupancy in

GKG cells were designated as GATA-switching sites

(middle panel). GATA sites characterized by exclusive

GATA1 occupancy in GKG cells, but lacking GATA2

binding in GAK14 cells, were classified as GATA1-pre-

ferred sites (bottom panel).

Intriguingly, GATA2-preferred sites typically contain

GATA-binding sites in progenitor marker genes, such as

CD34. Gata2, Gata1, Zfpm1 coding for FOG1, and Ppox were

identified as GATA-switching site genes, suggesting that

GATA1 either activates or represses these target genes through

such GATA-sites. GATA1-preferred sites include terminal

erythroid-affiliated genes, including Hbb, Nfe2, and Klf1.

This ChIP-chip analysis demonstrates that the pre-

occupancy by GATA2 at the GATA-switching sites pro-

motes subsequent smooth GATA1 binding at the same site

in comparison with the GATA1-preferred sites [48]. Initial

GATA2 binding may change the chromatin configuration

around the GATA-switching site, so that GATA1 can

easily access GATA-switching sites. Taking advantage of

this quick transition, GATA factor switching may facilitate

immediate changes in gene expression profiles during

erythroid commitment. The mechanism by which each

GATA factor binds to a specific set of GATA motifs

remains unexplored.

Another genome-wide ChIP-seq analysis using K562

human leukemia cells has been reported. Consistent with

our ChIP-chip analysis, the ChIP-seq analysis has revealed

that 65 % of GATA1-binding sites are co-occupied by both

GATA1 and GATA2 [49]. While K562 cells express both

GATA1 and GATA2, the key regulatory step seems to be

the switch from GATA2 to GATA1 during erythroid dif-

ferentiation, suggesting that GATA switching may occur at

the vast majority of the GATA1/GATA2 co-occupied sites

identified in K562 cells.

Gata1 BAC system for gene transcription study

Although the G1HRD transgenic mouse system provides

insights into Gata1 gene regulation, there are several lim-

itations to this approach. Firstly, G1HRD activity is often

subjected to position-effect variegation [14, 36]. Secondly,

G1HRD appears to be functionally insufficient to fully

recapitulate Gata1 gene expression profile, especially

insufficient to direct the reporter gene expression in c-Kit-

positive early hematopoietic progenitors [36]. To circum-

vent these limitations, we developed a BAC (RP23-

Fig. 4 Three binding profiles of GATA1 and GATA2 to hematopoi-

etic GATA motifs. A proerythroblast-like cell line GAK14 has been

established from erythroleukemia cells developed in Gata1 knock-

down mice. GAK14 cells abundantly express GATA2. When

exogenous GATA1 is introduced into GAK14 cells, erythroid

differentiation of the cells is resumed and the rescued cells are

referred to as GKG cells. GAK14 and GKG cells are taken to

represent two different stages of erythroid progenitors. Using these

two cell lines, three binding profiles of GATA1 and GATA2 are

identified; top GATA2-preferred sites are exclusively occupied by

GATA2 in GAK14 cells. Middle GATA-switching sites show

GATA2 binding in GAK14 and GATA1 binding in GKG cells.

GATA1 confers either up-regulation or down-regulation of target

genes through the GATA-switching sites. Bottom GATA1-preferred

sites are characterized with GATA1 occupancy in GKG cells, but

lacking GATA2 peaks in GAK14 cells
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443E19) carrying an approximately 196-kb Gata1 genomic

fragment including the Gata1 gene and flanking sequences

(Fig. 5a). The transgenic GFP reporter expression directed

by the regulatory influences of the Gata1 BAC (G1BAC)

DNA sequences recapitulates more faithfully the endoge-

nous Gata1 gene expression profile than does the G1HRD-

based transgene (Fig. 5b) [37, 50]. Indeed, the G1BAC

directs GFP fluorescence highly in the c-Kit? progenitors

in which endogenous GATA1 is expressed. Moreover, the

G1BAC-directed transgenic mouse system confers inte-

gration site-independent and copy number-dependent gene

expression [37, 50]. Thus, the BAC clone evidently con-

tains a more comprehensive set of Gata1 gene regulatory

elements that mediate proper spatiotemporal expression of

Gata1.

The elaborate G1BAC-based transgenic reporter assay

system has enabled a thorough analysis of the function of

each discrete regulatory element of the Gata1 gene. When

a substitution mutation is introduced into the GATA motif

in the G1HE core element in the context of G1BAC GFP

reporter transgenic mice, the GFP expression was sup-

pressed predominantly in the c-Kit-positive progenitor

fraction, while GFP expression in Ter119-positive ery-

throblasts was maintained [37]. Similar reduction of

endogenous Gata1 expression in the progenitor fraction

was observed in the DHS1DNeo mice [37], in which the

G1HE region was deleted from endogenous mouse Gata1

locus [51]. These observations thus indicate that G1HE

core exerts progenitor stage-specific enhancer activity, and

that this activity largely depends on the GATA motif in the

core region. These results further support the notion that

G1BAC-based cis-regulatory element analysis is applicable

to accurately dissect the physiological function of each cis-

regulatory element in the endogenous Gata1 locus.

Gata1 gene suppression in HSCs

The expression level of Gata1 gene is suppressed at a low

level in HSC, with abundant GATA2 expression detected in

this fraction [35, 52]. It has been reported that forced GATA1

expression using retroviral transfection in HSC leads to the

loss of self-renewal activity, suggesting that Gata1 gene

inactivation is crucial for maintenance of HSC [53, 54].

Recently, we demonstrated that the 3.2-kb genomic

region intervening between G1HE core and dbGATA ele-

ments exerts DNA methylation-mediated silencing of

Gata1 gene in HSC fraction (G1MDR; Gata1 methylation-

determining region; Fig. 6a) [35]. G1MDR sequences

recruit DNA methyl transferase 1 (Dnmt1), which main-

tains high level of DNA methylation status throughout

Gata1 locus in HSC fraction (Fig. 6b left panel). Once

HSC is differentiated into the erythroid progenitors, Dnmt1

is released from Gata1 locus, after which DNA demeth-

ylation proceeds. Demethylation of Gata1 gene regulatory

regions allowed abundant GATA2 binding to the GATA-

binding site, inducing robust Gata1 gene expression in the

progenitor fraction (Fig. 6b, right panel). Targeted deletion

of G1MDR sequences in the G1BAC-GFP transgenic

context dramatically induces HSC-specific ectopic GFP

expression [35]. This observation firmly supports our

contention that G1MDR is important for Gata1 gene sup-

pression in the HSC fraction.

Perspective

In this review, we have described recent advances in the

understanding of the spatiotemporal regulatory functions of

each cis-acting element of Gata1 and Gata2 genes, as well

as the molecular basis of GATA factor switching during

erythropoiesis. The Gata1 BAC transgenic mouse system,

coupled with homologous recombination-based mutation

analysis, appears to be an important approach to the ana-

lysis and understanding of the functions of these discrete

regulatory regions. ChIP-seq and ChIP-chip analyses have

been providing valuable information for dissecting the

function of GATA1 and GATA2 at various target loci

during erythroid differentiation. However, many unre-

solved issues continue to confront our understanding of the

hematopoietic GATA factors. Unraveling the molecular

regulatory network directed by these hematopoietic GATA

factors should provide further insights into normal

a

b

Fig. 5 a Gata1 bacterial artificial chromosome (BAC). Clone

#RP23-443E19 harbors a *196-kb genomic fragment including the

Gata1 gene and flanking sequences. b GFP reporter gene is inserted

between 2nd and 3rd exons in-frame with the translation initiation site

by means of homologous recombination in E. coli strain EL250. Four

regulatory modules (G1HE core, dbGATA/CP2, CACCC and first

intron element) are indicated
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hematopoiesis, as well as the pathological processes lead-

ing to GATA-related hematopoietic disorders.
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