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Human B-globin genes introduced into mouse erythroleukaemia (MEL) cells by DNA
co-transformation are correctly regulated when erythroid cell differentiation is
induced by dimethylsulphoxide (DMSO). In contrast, cloned human a-globin genes
are efficiently transcribed in MEL cells before induction, and no increase in the level
a-globin mRNA is observed when the cells differentiate. These observations suggest
that the mechanisms by which a- and B-globin genes are activated during erythroid
cell differentiation are fundamentally different. Analysis of the transcription of hybrid
human a—f-globin genes in MEL cells revealed that the sequences responsible for
differences in transcription of the intact o- and B-globin genes are located on the 3’
side of the mRNA capping site of the two genes, suggesting that cis-acting regulatory
sequences are located within the structural genes.
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INTRODUCTION

Human o- and B-globin gene expression is activated during adult erythroid cell differentiation
(see Weatherall & Clegg 1981, for review). One approach to the study of the mechanisms of
a- and B-globin gene regulation in adult erythroid cells is to introduce cloned globin genes into
mouse erythroleukaemia (MEL) cells, which can be induced to differentiate in culture
(Spandidos & Paul 1982; Chao et al. 1983; Wright et al. 1983). MEL cells are adult
haematopoietic precursors transformed by the Friend virus complex. The transformation results
in a block in differentiation at a relatively late stage in erythropoiesis (see Marks & Rifkind
1978, for review). Treatment of MEL cells with dimethylsulphoxide (DMSO) or any of a
number of other chemical inducers circumvents this block and results in a series of biochemical

B

and morphological changes that mimic events in normal erythroid cell differentiation (Friend
et al. 1971; Reuben et al. 1976; Marks & Rifkind 1978). Among the changes observed is a
dramatic increase in the rate of transcription of the adult - and B-globin genes, resulting in
increased levels of the globin mRNA and proteins (Marks & Rifkind 1978; Hofer et al. 1982;
Chao et al. 1983).

When the human B-globin gene cluster is introduced into MEL cells on intact chromosomes
by cell fusion, the human B-globin gene is co-regulated with the endogenous mouse globin genes
(Willing et al. 1979; Pyati et al. 1980). If human or mouse B-globin genes are removed from
their normal chromosomal contexts by gene cloning and introduced into MEL cells by DNA
cotransformation procedures, they are also appropriately regulated (Chao et al. 1983; Wright
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262 P. CHARNAY AND OTHERS

et al. 1983). These results indicate that the B-globin gene fragments used in the DNA
transformation experiments include sequences required in cus for specific transcriptional
activation of B-globin genes during erythroid cell differentiation.

Previous studies demonstrated that human o«-globin genes introduced into MEL cells on
intact chromosomes by cell fusion are expressed at high levels in induced cells (Deisseroth &
Hendrick 1978; Deisseroth et al. 1980). We extended the analysis of these cell hybrids and
demonstrated that the human embryonic and adult a-like globin genes are appropriately
regulated during MEL cell differentiation (Charnay ¢t al. 1984). We also examined the
expression of cloned human a-globin genes introduced into MEL cells by DNA transformation.
We found that, unlike the human B-globin gene which is regulated in most lines (Chao e? al.
1983; Wright et al. 1983), the human a-globin gene is appropriately regulated in only one out
of 36 lines studied. Furthermore, when both human a- and B-globin genes are introduced into
MEL cells on the same plasmid, the B-globin gene is inducible while the a-globin gene is not,
and the level of human a-globin mRNA before induction is greater than the level of human
B-globin mRNA after DMSO treatment. To localize the DNA sequences responsible for these
differences in expression, hybrid a—f-globin genes were constructed and analysed in MEL cells.
Our results suggest that the differences in a- and B-globin gene expression are determined by
sequences within the structural genes.

REsuLTs

To determine whether cloned human a-globin genes are appropriately regulated when
introduced into MEL cells by the method of DNA-mediated gene transfer, we used the calcium
phosphate co-precipitation technique to co-transform a derivative of an aprt-MEL cell line
(Deisseroth & Hendrick 1978) with the cloned hamster aprt gene and a variety of plasmids
containing human a-globin genes. Unexpectedly, we did not observe regulated transcription
of the cloned human a-globin genes in 35 out of 36 MEL cell lines examined, even though 70 9%,
of the lines produce detectable levels of al-globin gene transcripts before cell differentiation
-(Charnay et al. 1984). This is in sharp contrast with the results obtained with hybrid MEL
cells containing the human chromosome 16, where both of the adult human adult a-globin
genes are correctly regulated (Deisseroth & Hendrick 1978; Charnay et al. 1984).

We considered two possible explanations for this observation. First, it is possible that the
exogenous human a-globin gene is expressed at low levels in uninduced MEL cells and is not
responsive to DMSO treatment in its new environment. Alternatively, the gene may be fully
activated in the transformed cell even before DMSO treatment, such that MEL cell
differentiation leads to no further increase in the level of exogenous a-globin gene expression.
To distinguish between these two possibilities, we quantitated the relative levels of human o-
and B-globin RNAs in transformed MEL cells before and after DMSO treatment. To
accomplish this, we examined pools of large numbers of independently derived transformed
MEL cell colonies generated by using a modification of a protoplast fusion protocol (Schaffner
1980; Sandri-Goldin ef al. 1981). As a much higher transformation efficiency is obtained with
this procedure compared with the calcium phosphate precipitation method, we were able to
generate pools of 50-100 independent clones of cells transformed with either the human a- or
both the human a- and B-globin genes.

Pools of independent clones were generated by protoplast fusion with bacteria harbouring
the plasmid pAPRTa or pAPRTop (figure 14, b). These plasmids carry the hamster aprt gene
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Ficure 1. Structure of plasmids used in MEL cell co-transformation experiments, (a¢) and (4). pAPRTa and
pAPRTap were constructed by cloning Nael — Bg!II fragments carrying respectively the human al-globin gene
and the human a1- and B-globin genes into the vector pAPRTBgl carrying the hamster aprt gene (P. Charnay,
unpublished); N, Nael (destroyed); X, Xbal (destroyed). (¢) Plasmid pAPRTB/a, containing a Bg/II+ Pstl
fragment carrying the B—a-fusion gene inserted between the Bg/II and Xbal sites of plasmid pAPRTBgl. The
Pstl and Xbal sites were destroyed in the construction. (d) pAPRTa/B, containing a BamHI + PstI fragment
carrying the a—B-fusion gene inserted between the Bg/II and Xbal sites of plasmid pAPRT Bgl, both of which
were destroyed in the construction.

and either the human al-globin gene (pAPRTa) or both the human al- and B-globin genes
(pAPRToB). RNA was extracted from each pool of cells before and after DMSO treatment
and analysed with human o- and B-globin complementary RNA probes (figure 2). As in the
case of cell lines generated by the calcium phosphate co-precipitation technique, the level of
human B-globin mRNA increases by a factor of 11 upon DMSO treatment, whereas the level
of human a1-globin mRNA remains constant or increases very slightly. The ratio of the signals
obtained with al- and B-globin probes is 5:1 in induced cell RNA; after correcting for the
specific activities of the protected a- and B-globin RNA fragments, we estimate that the ratio
of levels of human o- and B-globin RNA in the induced transformants is about 12:1. Thus,
this analysis indicates that the level of human a-globin RNA before cell differentiation is even
higher than that of human B-globin RNA after differentiation. By comparison with a control
hybridization to RNA from human cord blood, we estimate that human a1-globin mRNA
represents 0.3-0.4 9, of cellular poly A4+ RNA in the two pools examined. In conclusion, these
results are consistent with the possibility that the cloned human a-globin gene is fully activated
in uninduced MEL cells and no further increase in transcription is possible after DMSO
treatment.

Analysis of hybrid a—P-globin gene transcription in MEL cells

To identify the sequences responsible for the different transcriptional behaviour of cloned
human o- and B-globin genes in MEL cells, we constructed hybrid genes in which the 5" flanking
sequences of the human a1- or f-globin genes are fused to the B- or a1-globin structural genes,
respectively. These hybrid genes were subcloned into a plasmid carrying the hamster aprt gene
to create plasmids pAPRTB/a and pAPRTa/f (figure 1¢, d). Plasmid pAPRT/a contains
a B-o fusion gene comprising B-globin sequences from —1700 to +49 joined to o-globin
sequences from +37 to % 944. The fusion point between a- and B-globin sequences is at the
translational initiation codon, and the 5" ends of the B—a fusion gene transcripts map at the
B-globin mRNA capping site. Plasmid pAPRTa /B contains an o—f fusion gene comprising
a1-globin sequences from — 118 to — 12 joined via a synthetic DNA linker to B-globin sequences
from —6 to +2163. The spacing between the a1-globin gene TAT A homology and the B-globin
mRNA capping site is maintained, and transcripts of this gene are therefore initiated at the
B-globin mRNA capping site.

17 Vol. 307. B
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Ficurke 2. Comparative analysis of human a- and B-globin gene transcription in pools of MEL cell colonies. Pools
of 50-100 independent MEL cell lines transformed with the plasmid pAPRTa or pAPRTaf were grown for
4 days in the absence (—) or in presence (+) of 2% DMSO. 10 pg of cytoplasmic RNA was hybridized to
an excess of both of the human a- and B-globin complementary-strand 32P-SP6 RNA probes, and digested with
RNases. The protected RNA fragments were fractionated by electrophoresis on 69, polyacrylamide-urea
sequencing gel. Hybridization of the B-globin probe with polyA 4+ RNA from human cord blood (5 ng) protects
a 351 nucleotide long fragment (lane a). Hybridization of the a-globin probe with polyA +RNA from human
cord blood protects a 133 nucleotide long fragment (lane a). Lane b corresponds to cytoplasmic RNA from
DMSO-induced MEL cells not transformed with human globin gene. Lanes ¢ correspond to RNA from a pool
of MEL cells clones transformed with the plasmid pAPRTa. Lanes d correspond to RNA from a pool of MEL
cells clones transformed with the plasmid pAPRTap. Exposure times were 3 h for lane a and 15 h for lanes
b, c and d. Reprinted from Cell.

We used the protoplast fusion technique to transform MEL cells to the aprt* phenotype with
these hybrid gene plasmids, and established pools of ca. 200 independent colonies for transcrip-
tion analysis. Figure 3a shows an S1 nuclease mapping analysis of RNA from different pools of
colonies transformed with the —a gene before and after DMSO treatment. As a control, a probe
for the 5" ends of the endogenous mouse B-major globin gene transcripts was included in the
hybridization reaction. As in the case of the intact human a-globin gene, the f—a fusion gene
was transcribed before DMSO treatment and no increase in mRNA level was observed upon
induction. In contrast, the transcription of the endogenous mouse B-major globin gene was
markedly induced.

Analysis of MEL cells containing the hybrid o—f globin fusion gene is shown in figure 3.
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Ficure 3. Analysis of RNA from MEL cells transformed with hybrid a-B-globin genes. (¢) Transcription
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analysis of the B—a-fusion gene. Plasmid pAPRT/a was used to generate two separate pools of ca. 200 clones
of aprtt MEL cells and two separate DMSO inductions were performed with pool 1 and one with pool 2. 20 pg
of total cellular RNA isolated from DMSO treated (—) or untreated (+) cells was analysed by nuclease S1
mapping with single stranded 5’ end 32P-labelled probes. The identities of the various nuclease resistant products
are indicated. () Transcription analysis of the a—f fusion gene. Plasmid pAPRTa/B was used to generate pools
of aprt* MEL cells, which were analysed as described in (2) except that two DMSO inductions were done with
each pool of clones. (¢) Schematic representation of the probes used for the analysis. The different genes are
shown, with flanking sequences indicated by thin lines, exons by solid blocks and introns as open blocks. The
junction between a- and B-globin sequences in the hybrid genes is indicated by a dashed line, and nucleotides
derived from the synthetic DNA linker by a solid block. The hybridization probe used for each gene is shown
below the diagram, together with the S1 nuclease product expected for correctly initiated RNA. The probes
used were as follows: for the a—f fusion gene, a human B-globin gene HaellI-*MstII fragment (nucleotides
~76 to +70; the wavy line indicates that this probe is not complementary to the a-globin 5’ flanking
sequences) ; for the B—a fusion gene, Rsal-*BssHII (nucleotides —127 to + 110); for the mouse B-major globin
gene, Haelll to *Ddel (nucleotides —76 to + 76); this probe contains a Bg/II octameric linker (solid triangle)
inserted at nucleotide + 28, causing all mouse B-major globin transcripts to generate a 48 nucleotide nuclease
S1 resistant fragment. Reprinted from Cell.

17-2
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Two independent pools of transformed cells were analysed by the S1 nuclease mapping
procedure with a human B-globin probe and a probe for the endogenous mouse B-major globin
gene. As with the intact B-globin gene (Chao ef al. 1983) a significant increase in the level of
the a—f fusion gene RNA was observed after DMSO treatment, with a concomitant increase
in the level of mouse B-major globin RNA (figure 354). An increase in the amount of RNA
initiated upstream of the a/p fusion gene capping site was also observed, as revealed by St
nuclease resistant DNA fragments that map the point of sequence divergence between the DNA
probe and the fusion gene template (figure 35).

In conclusion, we find that both the intact a-globin gene, and the hybrid f-o globin
genes are transcribed before MEL cell differentiation, and no increase in the mRNA levels is
observed after DMSO treatment. In contrast, both the intact human B-globin gene and the
hybrid o/ globin genes are transcribed at a low level before induction and the level of mRNA
increases 5- to 20-fold after DMSO treatment.

DiscussionN
Differences in human o- and B-globin gene expression

Human a-like and B-like globin genes comprise a small gene family whose members are
expressed at different times during embryonic and foetal development, and during adult life.
Although the levels of a-like and B-like globin gene products are approximately equal at each
stage of development, the temporal pattern of expression of the adult a- and B-globin genes
is quite different. For example, the adult a-globin genes are fully active in both foetal and adult
erythroid cells, but the adult B-globin genes are not fully active until after birth. The timing
of a- and B-globin gene activation during adult erythroid cell differentiation also appears to
be different. For example, the endogenous mouse a-globin genes are turned on approximately
8 h earlier than the B-globin genes during DMSO-induced MEL cell differentiation (Nudel
et al. 1977). These observations and the data presented here suggest that the mechanisms by
which adult a- and B-globin genes are turned on in erythroid cells may be fundamentally
different.

We have found significant differences in the transcription of cloned human a- and B-globin
genes when they are introduced into erythroid and non-erythroid cells in culture. Although
both a- and B-globin genes are appropriately regulated when introduced into MEL cells on
intact chromosomes by cell fusion (Deisseroth & Hendrick 1978; Willing ¢t al. 1979; Pyati
et al. 1980; figure 1), we find that the expression of cloned human a-globin genes is not subject
to regulation when the genes are introduced into the same cells by DNA co-transformation.
In contrast, the human B-globin gene is regulated when introduced into MEL cells by DNA
co-transformation procedures (Chao et al. 1983; Wright ¢t al. 1983). The possibility that this
difference in cloned a- and B-globin gene transcription in MEL cells is due to a systematic
difference in the establishment of transformed cell lines, is ruled out by the observation that
in cloned MEL cell lines and in pools of colonies transformed with a plasmid carrying both
the human o- and B-globin genes, the human B-globin is inducible, while a-globin gene
expression is not regulated. Furthermore, the level of human a-globin mRNA in uninduced
MEL cells is about 100 times the level of human B-globin mRNA. This suggests that the lack
of appropriate regulation of the cloned human a-globin gene during MEL cell differentiation
is due to the fact that the gene is already fully active in uninduced MEL cells.
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In addition to the observed differences in human a- and B-globin gene transcription in MEL
cells, these genes also differ significantly in their transcriptional properties when introduced
into non-erythroid cells in culture. For example, the human a-globin gene is readily transcribed
when transfected into HeLa cells in transient expression assays, but B-globin transcription
requires linkage to a viral transcription enhancer sequence (Mellon et al. 1981; Humphries
et al. 1982; Treisman et al. 1983). Moreover, a-globin gene transcription is stimulated only 5-
to 10-fold by the SV40 enhancer (Treisman et al. 1983), while this enhancer increases the level
of B-globin transcription by at least 100-fold in transient expression assays (Banerji et al. 1981;
Treisman et al. 1983). Finally, we have shown that the level of human a1-globin mRNA is more
than 100-fold higher than that of B-globin mRNA in pools of mouse L cell colonies stably
transformed with a plasmid carrying the human a- and B-globin genes (Charnay et al. 1984).
These results are summarized in table 1. The a-globin gene is active in a variety of non-erythroid
cells, and in uninduced MEL cells; while the B-globin gene is inactive in non-erythroid cells
in the absence of a linked viral transcription enhancer sequence. The -globin gene is inactive
in MEL cells unless the cells are induced to differentiate.

TABLE 1. EXPRESSION OF GLOBIN GENES IN ERYTHROID AND NON-ERYTHROID CELLS

(No expression or a low level of expression of the gene is referred as (—) and a relatively high level as (+ ). Transfected
gene data correspond to transient expression in HeLa cells and to stable transformation in mouse L cells and MEL
cells. The relative levels of expression of the f—a- and o—fB-hybrid genes in MEL cells were not determined. n.d.
not done. The table is reprinted from Cell.)

uninduced induced
HeLa cells L cells MEL cells MEL cells

endogenous a-globin gene -1 -1 — +
endogenous B-globin gene -1 -1 — +
transfected human a-globin gene + + + +
transfected human B-globin gene - - - +
transfected human B—o hybrid gene n.d. n.d. + +
transfected human a—f hybrid gene n.d. n.d. - +

t R. Treisman & M. Green, unpublished results.
+ Humphries et al. (1976).

DNA sequences responsible for differences in human o- and B-globin gene transcription in MEL cells

We examined the transcription of hybrid human a—f-globin genes in MEL cells to locate
the DNA sequences responsible for differences in their expression during MEL cell different-
iation. These experiments suggest that the observed differences are a consequence of differences
in regulatory sequences located within the a- and B-globin structural genes. Both the intact
B-globin gene and the hybrid o—B-globin gene are expressed at a low level in uninduced MEL
cells, and DMSO treatment leads to a 5- to 20-fold increase in the level of mRNA. In contrast,
both the intact a-globin gene and the hybrid f—a-globin gene are expressed in uninduced MEL
cells, and no increase in the level of expression of these genes is observed upon DMSO treatment.
Thus, constitutive expression of the a-globin gene appears to be determined by sequences
located within the structural gene since the a-globin promoter does not confer constitutive
expression to the B-globin structural gene in the a—B-globin hybrid gene.

The observation that transcription of both the intact -globin gene and the a—f-hybrid globin
gene is inducible in MEL cells suggests that regulatory sequences necessary for appropriate
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control of the B-globin gene may also be located within the structural gene. This possibility
is consistent with recent studies which demonstrate that a hybrid gene consisting of 5’ flanking
sequences from a mouse H2 class I histocompatibility gene fused to the human B-globin
structural gene is inducible in MEL cells (Wright e al., this symposium). Our data do not
address the question of whether the a- and B-globin gene promoters also contain regulatory
sequences. For example, both the a- and B-globin gene promoters might contain regulatory
sequences, but their function might be masked by dominant regulatory sequences within the
two structural genes. Wright and collaborators have also shown that a hybrid gene consisting
of the human B-globin gene promoter fused to a mouse H2 class I histocompatibility gene is
inducible in MEL cells (Wright et al., this symposium). Thus, there may be a minimum of two
different cis-acting sequences that influence the expression of the human B-globin gene in MEL
cells.

A possible mechanism for differential expression of cloned human o- and B-globin genes in MEL cells

Asshownintable 1, the cloned human a-globin gene is expressed at high levels in non-erythroid
cells and in MEL cells before induction. In contrast, the cloned human B-globin gene is
expressed at low levels in non-erythroid cells and in uninduced MEL cells, but induction of
MEL cell differentiation leads to a significant increase in its expression. On the basis of these
observations, we propose that the endogenous a-globin gene in erythroid cells is under negative
control while the endogenous B-globin gene in these cells is under both negative and positive
control. According to this model, a minimum of one step, which we will refer to as derepression,
is required for the activation of human a-globin gene transcription, while a minimum of two
steps, derepression followed by cell-specific positive activation may be required for B-globin gene
transcription. The derepression step with both genes could be due to an alteration in chromatin
structure, the inactivation of a repressor, or to changes in the state of DNA methylation. An
alteration in chromatin structure is suggested by the observation that the induction of MEL
cell differentiation by DMSO is associated with the appearance of new DNAse I hypersensitive
sites in the 5’ flanking DNA and within the second intervening sequence of the endogenous
B-major globin gene (Hofer et al. 1982; Sheffery et al. 1982). Although a causal relationship
between the appearance of a DNAse I hypersensitive site and globin gene activation has not
been established, such chromatin changes have been shown to coincide with gene activation
during chicken development (Groudine e al. 1981) and to precede maximal B-globin gene
expression in humans (Groudine et al. 1983). Changes in chromatin structure appear to be
necessary but not sufficient for gene activity, since they are retained by chicken B-globin genes
that have been activated and then turned off (Groudine & Weintraub 1982). Cloned genes
that are stably introduced into fibroblasts in culture appear to adopt an altered chromatin
configuration (Weintraub 1983). Furthermore, our preliminary studies of cloned mouse B-globin
genes introduced into MEL cells indicate that a DNAse I hypersensitive site is present 5 to
the exogenous gene both before and after induction with DMSO, while this site is detected in
the endogenous gene only after induction. The altered chromatin structure of the transfected
gene may result in an increased accessibility of the gene to the cellular transcriptional machinery
relative to its endogenous counterpart. This possibility is suggested by the observation that the
rat a2p-globulin and the human growth hormone genes introduced into mouse L-cells by
co-transformation are both active and remain responsive to glucocorticoid stimulation while
the endogenous counterpart genes remain inactive (Kurtz 1981 ; Robins et al. 1982). Moreover,
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a cloned human B-globin gene introduced into HeLa cells in transient expression experiments
is transcriptionally activated by viral immediate—early gene products but the endogenous globin
genes in the same cells remain inactive (Green ef al. 1983; Treisman et al. 1983).

We propose that both a- and B-globin genes introduced into MEL cells by DNA transfer
are in a chromatin configuration that is required for their efficient expression. However, the
B-globin gene, unlike the a-globin gene, requires an additional, erythroid cell-specific factor
for maximal expression. This factor would appear only after induction of MEL cell differentiation
by DMSO. This hypothesis would be consistent with the observation that the cloned a-globin
gene is efficiently expressed in non-erythroid cells and in uninduced MEL cells. This model
does not preclude the possibility that a positive activator is required for a-globin transcription,
but merely that such an activator is not erythroid cell-specific, since it would be present in a
variety of cell types including the MEL cell before induction. In the case of the endogenous
a- and B-globin genes in MEL cells, or of the human globin genes introduced into MEL cells
on intact chromosomes by cell fusion, both genes would be in an inactive chromatin
configuration before induction. MEL cell differentiation would lead to derepression followed
by positive activation. In the case of the a-globin gene, the positive activation would not be
required or be accomplished by a factor present before induction, while the B-globin gene would
be activated by a factor that appears after induction.

In summary, the data presented in this paper suggest that even though the adult human
a- and B-globin genes are expressed exclusively in erythroid cells, the mechanisms by which
they are regulated are different. The two genes clearly evolved from a single ancestral gene
by duplication, but they have been diverging from each other for approximately 500 million
years (Efstratiadis ¢ al. 1980). Moreover, the a- and B-globin genes are located within gene
clusters that have independently evolved, as indicated by differences in the number and times
of divergence of genes within each cluster (see Proudfoot et al. 1982, for discussion). Given these
quite distinct evolutionary histories, it is possible that the a- and B-globin genes acquired
different control mechanisms during evolution.
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Ficure 2. Comparative analysis of human a- and B-globin gene transcription in pools of MEL cell colonies. Pools
of 50-100 independent MEL cell lines transformed with the plasmid pAPRTa or pAPRTa were grown for
4 days in the absence (—) or in presence (+) of 2%, DMSO. 10 pg of cytoplasmic RNA was hybridized to
an excess of both of the human a- and B-globin complementary-strand 3¥P-SP6 RNA probes, and digested with
RNases. The protected RNA fragments were fractionated by electrophoresis on 69, polyacrylamide-urea
sequencing gel. Hybridization of the B-globin probe with polyA + RNA from human cord blood (5 ng) protects
a 351 nucleotide long fragment (lane a). Hybridization of the a-globin probe with polyA + RNA from human
cord blood protects a 133 nucleotide long fragment (lane a). Lane b corresponds to cytoplasmic RNA from
DMSO-induced MEL cells not transformed with human globin gene. Lanes ¢ correspond to RNA from a pool
of MEL cells clones transformed with the plasmid pAPRTa. Lanes d correspond to RNA from a pool of MEL
cells clones transformed with the plasmid pAPRTaf. Exposure times were 3 h for lane a and 15 h for lanes
b, ¢ and d. Reprinted from Cell.
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analysis of the B—a-fusion gene. Plasmid pAPRTP/a was used to generate two separate pools of ca. 200 clones
of aprt™ MEL cells and two separate DMSO inductions were performed with pool 1 and one with pool 2. 20 pg
of total cellular RNA isolated from DMSO treated (—) or untreated (+ ) cells was analysed by nuclease S1
mapping with single stranded 5" end **P-labelled probes. The identities of the various nuclease resistant products
are indicated. (&) Transcription analysis of the a—f fusion gene. Plasmid pAPRTa/p was used to generate pools
of aprt™ MEL cells, which were analysed as described in (@) except that two DMSO inductions were done with
each pool of clones. (¢) Schematic representation of the probes used for the analysis. The different genes are
shown, with flanking sequences indicated by thin lines, exons by solid blocks and introns as open blocks. The
junction between - and PB-globin sequences in the hybrid genes is indicated by a dashed line, and nucleotides
derived from the synthetic DNA linker by a solid block. The hybridization probe used for each gene is shown
below the diagram, together with the S1 nuclease product expected for correctly initiated RNA. The probes
used were as follows: for the a—p fusion gene, a human B-globin gene Haelll-*MstIl fragment (nucleotides
—76 to +70; the wavy line indicates that this probe is not complementary to the a-globin 5" flanking
sequences) ; for the B—a fusion gene, Rsal-* BssHII (nucleotides — 127 to + 110); for the mouse B-major globin
gene, Haelll to * Ddel (nucleotides —76 to +76) ; this probe contains a Bg/ll octameric linker (solid triangle)
inserted at nucleotide + 28, causing all mouse B-major globin transcripts to generate a 48 nucleotide nuclease
S1 resistant fragment. Reprinted from Cell.
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