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We have determined the complete sequence of the embryonic a-like, g (zeta)-globin gene of the BALB/c
mouse. The structure of this gene establishes the amino acid sequence of the mouse embryonic C-globin
polypeptide chain and allows us to identify sequences within the gene that may be important for its expression.
One of these is a 300-base segment that is tightly conserved between mice and humans and is located at the 5'
end of the C-globin gene. By introducing the cloned gene into permanently transfected mouse erythroleukemic
cell lines and comparing its transcript with that of C-globin mRNA derived from embryonic yolk sac
erythrocytes, we are able to show that the cloned gene is transcriptionally active and that its transcript is
correctly initiated and processed. Interestingly, the C-globin gene is also active when permanently transfected
into an immunoglobulin-producing B-cell, a cell that presumably has tissue-specific requirements for gene
expression. Further, a comparison of the amino acid coding sequence of the mouse C-globin gene to that of c-like
globin genes of other species supports a revised evolutionary lineage in which goats and humans are closely
related, whereas mice are further removed.

The a-globin locus in the mouse consists of three func-
tional genes spread along 25 kilobases (kb) of DNA on
chromosome 11 (23). The most 5' of these, the ; gene, is an
embryonic gene that is expressed only in the nucleated
erythrocytes of the yolk sac of the developing embryo. Its
expression begins at day 8 of gestation, peaks at day 10, and
is almost undetectable by day 15. At ca. day 12 of gestation,
the nucleated yolk cells also begin to express the adult
a-globin gene. In addition, the site of hematopoiesis switches
at about this time from the yolk sac to the fetal liver in which
only the adult genes are active. The fetal liver continues to
produce nonnucleated erythrocytes containing adult a-
globin polypeptides until birth, after which the bone marrow
gradually becomes the major hematopoietic organ (2, 6, 9,
10).
As a first step in understanding the molecular basis for the

temporal expression of these genes, a physical map of the
locus was established (23) as was a detailed structure of the
two adult genes, a, (30) and a2 (A. Leder, manuscript in
preparation). The results of these investigations established
that the adult a-globin genes are encoded in three segments
of DNA separated by two small intervening sequences.
Similar organizational features have been found in all adult
a-like globin genes examined thus far (13, 14, 21, 26, 28).

In this study, we establish the complete sequence of the
remaining embryonic a-like gene, a gene we now call mouse
4 because of its evident homology to the human embryonic
a-like gene, human 4 (33). These genes are quite different
from the adult a genes. In addition to inferring the amino
acid sequence of the mouse 4 polypeptide, we are able to
show that the cloned mouse gene is actively expressed
after transfection into mouse erythroleukemic and B-cells.
The active mouse gene retains extensive homology to the
human gene in two regions, one corresponding to the coding
sequences (and doubtless retained by selection for coding
function) and another 5' to the coding region. The latter is
interesting because of its potential function as a regulatory
region. Further sequence comparisons by using the tech-
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nique of parsimony analysis allow us to suggest a small
revision of the evolutionary lineage of mice, humans, and
goats, in which goats and humans are closer to one another
than either is to mice.

MATERIALS AND METHODS

Cloning. The mouse ;-globin gene was cloned from an
EcoRI digest of DNA derived from BALB/c mice with the
bacteriophage vector XgtWES (24). The recombinant phage
containing a 3.8-kb EcoRI fragment encoding the mouse (
gene was detected with a probe derived from the human
;-globin cDNA clone (kindly provided by Bernard Forget)
and was packaged, grown, and purified by using established
techniques (36). After hybridization, filters were washed at
400C in 0.1x SSC (lx SSC is 0.15 M NaCl plus 0.015 M
sodium citrate).

Sequencing. Sequencing was carried out by using both the
chemical degradation technique of Maxam and Gilbert (27)
and the M13 dideoxynucleotide termination method essen-
tially as described in the Bethesda Research Laboratories
Users Manual. Sequencing was carried out on both strands
over most of the sequence; however, when opposite strand
data was not obtained, the relevant fragment was sequenced
twice.

Heteroduplex analysis. The mouse and human (33) ge-
nomic clones were subcloned as EcoRI and HindIll frag-
ments, respectively, into the EcoRI and Hindlll sites of
pBR322 in the same orientation. They were both linearized
with Sall (at a unique site in pBR322) and then denatured
with alkali at room temperature. Renaturation took place in
50% formamide-12 mM EDTA-50 mM NaCI-10 mM Tris
(pH 8.5) at 370C for 1 h.

Transfection. Transfection was carried out by the elec-
troporation technique described previously (31, 37). Expo-
nentially growing cells were centrifuged, washed, and sus-
pended at a concentration of 1 x 107 to 2 x 107 cells per ml.
Linearized transfecting DNA was added to a final concen-
tration of 10 ,ug/ml (i.e., a total of 5 ,ug). A high-voltage pulse
was applied to the mixture of cells and DNA which was then
allowed to sit for 10 min at 0°C before the addition of growth
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medium. Selection for transfectants was by the pSV-gpt
system (based upon the E. coli enzyme, guanosine phospho-
ribosyltransferase) described by Mulligan and Berg (29).
After 48 h, the cells were selected in medium supplemented
with 1 ,ug of mycophenolic acid per ml, the compound to
which the transfected DNA conferred resistance.

Transfecting DNA. pSV7gpt* is pBR327 with the Esche-
richia coli gpt* gene inserted at the BamHI site (gpt* is a
modification by Mitch Raff and Martin Rosenberg of the
original guanosine phosphoribosyltransferase gene). The
3.8-kb genomic EcoRI fragment containing the 4-globin gene
was inserted into the EcoRI site of pSV7gpt*. To increase
the transfection efficiency, plasmid DNA was linearized with
the restriction enzyme ClaI (31).

Cells and tissue. Two mouse erythroleukemia cell lines
were used: GM-979 and SI (super inducer). M12 is an
immunoglobulin-producing B-cell line established from a
spontaneous B-cell lymphoma occurring in a BALB/c mouse
(20). The yolk sac was removed from 10- and 12-day-old
embryos of CD-1 mice and rinsed in cold Hanks buffered
saline.

Induction conditions. Cells were grown in medium supple-
mented with butyric acid at 1.2 mM for 4 days or dimethyl
sulfoxide (DMSO) at 1.5% for 4 days.
RNA isolation. Cell pellets were directly vortexed with 4

M guanidine thiocyanate-2.5 mM sodium citrate (pH 7)-0.1
M 2-mercaptoethanol and passed several times through a no.
26 0.5-in sterile needle. In both cases, total RNA was
isolated by the procedure of Chirgwin et al. (8) with a CsCl
gradient modification.

Si nuclease. Single-stranded, uniformly labeled DNA
probes were prepared as described by Ley et al. (25). Primer
extended M-13 clones were restricted with appropriate en-
zymes to yield a desired fragment of the cloned insert.
Labeled single-stranded fragments were then isolated on
preparative alkaline agarose minigels (1% agarose in 0.03 M
NaOH, 2 mM EDTA). The electroeluted probe was hybrid-
ized to total RNA with a modified procedure of Berk and
Sharp (5). The hybridization mixture contained 50,000 to
100,000 cpm of probe (SA = 108 cpm/p,g; 10 ,ug of total
cellular RNA, 75% formamide, 400 mM NaCl, 20 mM Tris
[pH 7.5], 1 mM EDTA). Incubations were carried out at
48°C for the 5' probe and 52°C for The 3' probe for 18 h and
were terminated by the addition of 1,000 U of S1 nuclease in
a standard buffer. The S1 nuclease digestion was carried out
at 37°C for 1 h. The samples were then ethanol precipitated
and electrophoresed on an 8 M urea-5% acrylamide gel. The
gels were dried on Whatman 3MM paper and exposed to
Kodak XAR-5 X-ray film with an image intensifier overnight
at -70°C.

RESULTS
Characterization of the mouse (-globin gene. A physical

linkage map of the functional mouse a-globin genes was
previously derived with cloned DNA fragments derived
from a BALB/c mouse (see map; Fig. 1) (23). The 5'-most
gene (established by data presented below) is the embryonic
gene, which we refer to as 4 to comply with nomenclature
established for the analogous human gene. Although the
embryonic gene, which is located ca. 6 kb 5' of the adult
al-globin gene, is clearly an a-like gene (total coding nucle-
otide homology, 62%) (see below), it did not cross-hybridize
to probes derived from the adult al-globin gene even when
genomic DNA blots were washed at low stringency (40°C).
Ultimately, the mouse C gene was isolated with a human C
cDNA clone as the probe (kindly provided by B.

Forget). In retrospect, having determined the structure of
the (-globin gene (see below), we can see that strong
homology between embryonic and adult genes is limited to a
small sequence that corresponds to the end of the second
and the beginning of the third exons. This region, which
retains 85% homology between embryonic and adult se-
quences, is important in its interaction with the P-globin
chain as well as its binding to iron.
The complete 1,962-base sequence of the (-globin gene,

including portions of the 5' and 3' flanking regions and the
two intervening sequences, is shown in Fig. 2. From this
sequence we can deduce the 142-amino acid sequence of the
mouse embryonic (-globin chain, including the N-terminal
methionine residue which is cleaved from the mature form of
the polypeptide (38). The deduced amino acid sequence is
indicated beneath the nucleotide sequence shown in Fig. 2.
A transcriptional initiation site can be inferred at position
430, ca. 30 base pairs (bp) 3' to a TATAAA sequence. The
canonical [CCAAT] box (4, 15) is altered to [CCAGT] at
position 364 (i.e., 66 bases upstream from the initiation site).
The same sequence is found in the goat 4 gene (S. Wernke
and J. Lingrel, unpublished data). The three exons are
bordered by an appropriate splice donor or acceptor site. A
polyadenylate addition signal (AATAAA) (32) is located
between positions 1920 and 1925.
Two features of the gene structure are of particular

interest by virtue of their comparison with the human gene
(33). In both cases, the first intervening sequence is a long
one by comparison with adult a- and ,-globin genes and
contains an unusual sequence. The human (-globin gene
contains the sequence ACAGTGGGGAGGGG repeated 12
times. These sequences are absent in the mouse. On the
other hand, the dinucleotide GT is tandemly repeated 22
times (positions 1007 to 1051) in the mouse (-globin gene and
is immediately followed by a GA repeated 9 times (positions
1054 to 1071). Neither sequence occurs as a repeat within the
human gene.
To detect regions of conserved homology that lie outside

the immediate coding regions of the mouse and human
(-globin genes, a heteroduplex structure was formed be-
tween subcloned DNA fragments that include both coding
and flanking segments of the mouse and human genes. An
example of such a molecule is shown in Fig. 3. It reveals
expected regions of homology that include the coding seg-
ments of the genes and a region of divergence that includes
the large, first intervening sequence. Surprisingly, however,

5'

OV 2000 bp

100 bp

'J -~ a-i a-2

10 20 30 40 kb
FIG. 1. Physical map of the a-globin locus of the BALB/c

mouse. The three a-like globin genes are represented by solid
regions and identified in the figure. The map was established by the
comparison of overlapping segments ofDNA cloned in phage A from
genomic DNA of the BALB/c mouse (23). The expanded represen-
tation of the embryonic gene (4) is indicated above the larger map,
wherein the solid boxes represent the three 4 exon sequences. This
structure and orientation is established by the sequence data pre-
sented in Fig. 2.
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FIG. 3. A comparison of the mouse and human embryonic 4 genes by heteroduplex analysis. The electron micrograph shows a
heteroduplex molecule formed by annealing fragments of the mouse (EcoRI) and human (HindIII) 4 genes subcloned in the same orientation
into the EcoRI and HindlIl sites of the plasmid pBR322, respectively. The plasmids have been linearized by digestion at a unique Sall site
in pBR322. The tracing represents the molecule shown above in which solid, thick lines represent mouse and human annealed sequences;
solid, thin lines represent unannealed mouse and human sequences; and dashed lines represent pBR322 sequences. The diagrammatic map
at the bottom of the figure indicates the extent of heteroduplex formation and mouse and human homology (dotted boxes) compared with the
structure of the mouse 4-globin gene (above), in which exons are represented as solid boxes and intervening sequences as hatched boxes.

it also reveals a long (ca. 300-bp) region of conserved
sequence that extends beyond the transcriptional initiator
site and promoter sequence within the 5' flanking region of
both 4-globin genes (Fig. 3). By contrast, no such extensive
5' homology is found between the adult ot-globin genes of
mouse and human. The extent and character of this con-

served region is shown by a direct comparison of the two
sequences in this region (Fig. 4). The region retains ca. 70%
homology between the two sequences as compared with an

80% homology between the two amino acid coding regions.
It is also worth noting that the stem and loop structure noted
in the heteroduplex molecule (Fig. 3) is present in the human
gene but absent in that of the mouse.

Expression of the i-globin gene in yolk sac cells. The yolk
sac makes large amounts of the 4-globin polypeptide. As far
as we know, this is the only organ that produces it, and it
does so only for a few days. From our cloned mouse 4-globin
gene we made specific 5' and 3' probes (see Fig. 5 and 6)
with which we could study the transcription of the gene in
the yolk sac. Using total RNA from the yolk sac of 10- and
12-day-old mouse embryos, we determined the sites of
transcriptional initiation and polyadenylation of 4 mRNA by
Si nuclease analysis. A 1.7-kb BamHI fragment containing
the first exon and ca. 800 bp of 5' flanking DNA was cloned
into M13 which was used as a template to make radioac-
tively labeled, single-stranded probes by primer extension.
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FIG. 5. Expression of the 5' portion of the t-globin gene in yolk

sac and permanently transfected mouse erythroleukemia (MEL)
cells and response to agents that cause erythrodifferentiation. The
upper diagram is a map of the transfecting vector containing the
selectable gpt gene, pBR327 sequences, and cloned (-globin gene.
The transcriptional initiation site of the (-globin gene is indicated by
an arrow, and its exon sequences are indicated by hatched boxes.
The middle portion of the figure shows the results of Si nuclease
protection analyses of mRNAs derived from the indicated cells with
or without butyric acid (1.2 mM) or DMSO (1.5%) treatment.
Untransfected control mouse erythroleukemia cells (see Fig. 6)
failed to show any detectable (-globin fragment protection. The
bottom portion of the figure shows a map of the (-globin gene DNA
fragment used for the S1 nuclease protection assay. The expected
position of the accurately transcribed, protected fragment (160
bases) is shown. B, Restriction site for BamHI; Rl, restriction site
for EcoRI.

As can be seen in Fig. 5 (lane 2), a very prominent band of
160 nucleotides of the probe was protected by the mouse
yolk sac RNA. This maps the site of transcriptional initiation
of the (-globin gene to position 430, ca. 30 bp downstream to
a TATAAA sequence (Figure 2). Similarly, a 1.2-kb BamHI
fragment containing exon 3 and at least 800 bp of DNA
downstream of the putative polyadenylation site was cloned
into M13 and used to make a specific 3' S1 probe. Figure 6
(lane 2) shows clearly that a band of 240 nucleotides was
protected by the yolk sac RNA, mapping the poly-

adenylation site ca. 20 nucleotides 3' to the AATAAA
signal.

Expression of (-globin gene in transfected cell lines. One of
the major limitations in studying the regulated expression of
the mouse (-globin gene has been the absence of an estab-
lished cell line in which this gene can be reliably expressed.
Such a line would overcome the difficulty of obtaining
significant numbers of nucleated, embryonic erythrocytes,
the only cell in which this gene is normally expressed. To
overcome this problem and to establish a system in which
some of the requirements for (-globin gene expression could
be established, we turned to mouse erythroleukemic cell
lines. These lines can be induced to undergo a form of
erythrodifferentiation in which both the adult oa- and ,-globin
genes are strongly induced (35). In the two cell lines we have
used, GM979 and SI, both DMSO and butyric acid (22)
produce this effect, but neither reliably induces expression
of the endogenous (-globin genes in either of the cell lines.
(Occasionally, the GM979 cell line will express very low
levels of C-globin mRNA after treatment with butyric acid
[see Fig. 6].)

In the absence of a cell line that reliably expresses the
endogenous C-globin gene, either with or without induction,
we constructed a hybrid plasmid that carries the mouse
C-globin gene in association with a selectable marker for the
E. coli enzyme, guanosine phosphoribosyltransferase (gpt)
(29) (see Fig. 5). Thus, we could permanently introduce the
gene into these cell lines and determine whether the embry-
onic gene could be expressed in an adult erythropoietic cell
background. For comparison, we selected an immunoglobu-
lin-producing B-cell line (M12) as an example of a non-
erythroid hematopoietic cell (20).

Using selection in conjunction with transfection by elec-
troporation (31), we were able to isolate several transfectant
clones from each cell line. This technique generally intro-
duces few gene copies per cell (31, 37). In our case (data not
shown), the copy number was less than five. The ability of
these clones to express the C-globin gene was measured by
the Si nuclease protection assay, making use of probes
derived from both the 5' and 3' portions of the mouse C gene
(see Fig. 5 and 6, respectively). Although only one trans-
fectant analysis is shown for each cell line, several transfec-
tants were assayed in each case with comparable results.
The exogenous C-globin gene was expressed in each cell line,
including the B-cell line (see Fig. 6), and its transcripts
protected DNA fragments identical to those protected by
yolk sac mRNA, indicating accurate initiation (Fig. 5) and
polyadenylation (Fig. 6) at the predicted sites. Moreover,
treatment with DMSO and butyric acid appeared to increase
the amount of C-globin gene transcript in all three cell lines,
the effect being most pronounced in the case of the SI
transfectant cell line induced with DMSO (Fig. 6). These
results have been supported by direct mRNA gel analyses
which, in most cases, show the transfectant cells to be
producing normal-sized C-globin mRNA (data not shown). In
a few cases, larger transcripts were seen that may be the
result of aberrant splicing. In separate experiments (data not
shown), we have determined the level of gpt gene transcript
and find no appreciable difference with or without DMSO or
butyric acid treatment.

Structures of the mouse and human C-globin genes in a test
of mouse and human evolutionary lineage. In addition to
providing a structural definition of the mouse C-globin gene
and protein, our sequence data provide a link that allows us
to estimate the evolutionary relationship that exists between
several higher vertebrate species. The embryonic and adult
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FIG. 6. Expression of a permanently transfected (-globin gene in cultured mouse erythroleukemic (MEL) and B-cells and its response to
agents that induce erythrodifferentiation. The two mouse erythroleukemic cell lines are identified above their respective lanes. The M-12 line
is a mouse B-cell line. The indicated cells (with the exception of the yolk sac controls) permanently transfected with the gpt-+-globin gene
vetor indicated in Fig. 5. The S1 nuclease protection assay was carried out with a fragment of DNA derived from the 3' terminus of the
(-globin gene that is indicated at the bottom of the figure. A fragment of 240 bases should be protected by a normally polyadenylated (-globin
gene transcript. The plus and minus symbols above certain lanes indicate whether or not the cells have been treated by the indicated agent.
The "O" indicates that the cells analyzed do not contain a transfecting plasmid. B, Restriction site for BamHI.

a-globin genes evolved from a common ancestral gene ca.
400 million years ago, before mammals and birds diverged
(11, 33). These numbers are based on the fact that there is a

strong correlation between the relatedness of species and the
similarity in amino acid and DNA sequence. For example,
changes between adult a-globin mouse sequences and adult
a-globin chicken sequences are fewer than the changes

POSSIBLE MODES OF EVOLUTION
-Human

between adult a mouse sequences and mouse 4 sequences.
This suggests that the duplication that created the adult and
embryonic a lineages occurred before mammals and birds
diverged.
Comparison of amino acid sequences (12) provides an

approximate guide to divergence dating among species and
suggests that birds began to diverge from humans 300 million

-Human

A B

-Mouse

:ken
C

PARSIMONY ANALYSIS

First exon

Second exon

Third exon

TOTALS

A I D

54 60 59

100 104 104

71 84 83

2 25 248 246

FIG. 7. Potential modes of evolution as predicted by parsimony analysis of the amino acid sequences of the human, mouse, goat, and
chicken (-like globin genes. The upper portion of the figure shows three possible modes of evolution between the four species in which a close
evolutionary relationship is indicated by the shortest connection. The bottom portion of the figure (parsimony analysis) shows the minimum
number of base changes required to relate the exons of each species to a common ancestor according to the three modes of evolution. Mode
A requires the fewest changes. i.e., is the most parsimonious.

Butyric Acid
% r- mI
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years ago, goats ca. 80 million years ago, and mice 70 million
years ago. Since the embryonic (-globin-like sequences from
chicken (16), mouse (see above), goat (Wernke and Lin-
grel, unpublished data), and human (33) are known, we

compared them by using the parsimony technique (17, 18)
which can be used as a measure of evolutionary relatedness.
Three possible evolutionary trees were constructed (Fig. 7A
to C). For each amino acid, we calculated the minimal
number of base changes needed to produce the variation that
is seen today. After adding up the number of mutations for
each tree, the tree with the least number of mutations-the
most parsimonious-is most likely to be correct. Our calcu-
lations point to tree A as the most likely option. This
suggests that humans and goats are more closely related in
evolutionary time than humans and mice or mice and goats.

DISCUSSION
Structure of the ;-globin gene. In contrast to the duplicated

adult a-globin genes, there is only one copy of the (-globin
gene in BALB/c and C56BL mice. The nucleotide sequence
presented here shows that although the mouse embryonic
(-globin gene is a-globin-like, it is nevertheless very different
from the adult a-globin gene. Specifically, 66 of 141 amino
acids differ. In addition, the first intron, which is character-
istically short (100 to 200 bases) in all adult a- and P-globin
genes, is over 800 bases long in the C-globin gene.
Comparison of these genes also allows us to comment on

the functional value of some of their more remarkable
features. For example, Proudfoot et al. (33) have reported
the existence of repetitive sequences within the first inter-
vening sequence of the human C-globin gene, speculating on

their functional significance. However, these sequences are
not found in the mouse (-globin gene, although the mouse
has a different set of repetitive sequences within its first
intervening sequence. The fact that neither of these se-

quences are conserved between the species suggests, but
does not prove, that they may be of little functional value.
The GT repeat found in the first intron of the mouse C-globin
gene (Fig. 2) is a sequence that can partially exist in the
Z-DNA configuration (19, 34), and therefore its presence
within an active gene makes it an attractive subject for
functional speculation (19). On the other hand, its absence in
the human gene makes this property difficult to evaluate.
Comparison of this sequence with the corresponding (

genes from human, goat, and chicken shows clearly that
there is more homology between the embryonic genes of
different species than there is between embryonic and adult
a-globin genes of the same species. This confirms the notion
that the duplication of the ancestral gene that produced the
adult and embryonic genes occurred long before human,
goat, mouse, and chicken ancestral species diverged. The
sequence also enables us to add another point to the evolu-
tionary tree which relates species via their globin genes. Our
parsimony analysis points to an evolutionary relationship
that places goats and humans closer to one another than to
mice. This analysis agrees with a phylogenetic tree devised
by Czelusniak et al. (11) which was based on the analysis of
40 globin genes.
The differential regulation of the C-globin gene is likely to

depend in part upon cis-acting elements encoded near or
within the locus. In this respect, it is particularly noteworthy
that a 300-bp sequence is conserved between the mouse and
human genes in the 5' flanking region. Such homologous
segments, especially when they are conserved between
species that have been apart for 70 million years, are likely
to be of functional significance. Interestingly, the pseudo-C

gene of man, although closely homologous to the normal
;-globin gene, abruptly loses homology to the active gene in
just this region (33). It is also worth noting that 5' flanking
homology among different species was recently reported in
the case of prolactin (7), actin (D. Jaffe, submitted for
publication), and the oncogene c-myc (3).

;-Globin gene expression in transfected cell lines. Our
results indicate that the cloned (-globin gene can be faith-
fully transcribed in several transfected cell lines; i.e., we
observe correct initiation, processing, and polyadenylation
of (-globin transcripts in these cells. Although the transcripts
we see in our transfectants could have originated from the
activation of endogenous (-globin genes rather than from the
introduced gene, this seems unlikely because we have never
seen the constitutive expression of the 4-globin gene in any
of the three cell lines used.
Why then is the exogenous (-globin gene expressed, even

in the B-cell background? We think that the association of
the 4-globin gene with a selectable marker helps to ensure
the expression of the introduced gene. For a transfected cell
line to become resistant to mycophenolic acid, the incoming
gpt gene must be transcribed, and this requirement could
influence the expression of the adjacent 4-globin gene. The
transfecting gene may have integrated into a transcription-
ally active site or may be active because it happens to be in
a transcriptionally competent configuration (e.g., unmethyl-
ated) compared with the bulk of the chromatin. It is also
possible that the 4-globin gene is influenced by the simian
virus 40 enhancer sequence associated with the promoter
driving the gpt gene in the transfecting plasmid. Neverthe-
less, the expression of the 4-globin gene in transfected
B-cells is surprising in view of the presumed requirement for
a B-cell-specific enhancer for the expression of adult globin
genes in this cell background (1). Although the (-globin gene
expression that we observe in the B-cell may reflect the
fortuitous integration of the transfecting plasmid in the
vicinity of a B-cell-active enhancer region or some special
property of the embryonic globin gene, this observation
suggests that tissue-specific restriction of expression may be
less stringent than originally supposed, at least in the trans-
fected cell system.
The fact that the transfecting 4-globin gene is inducible in

hematopoietic cells is encouraging in that it provides a
system in which cis-acting elements required in the expres-
sion and induction of the 4-globin gene can be evaluated. In
this regard, one of the most interesting features of the mouse
(-gene sequence is the 5' flanking region that is homologous
to the 5' flanking region of the human 4 gene. Gene transfer
experiments focusing on this region should allow us to
evaluate its role in regulating the expression of the 4-globin
gene and thereby establish a basis for its evolutionary
conservation.
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