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In situ hybridization analysis of globin mRNAs in the primitive erythroid cells of the

chick embryo
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Abstract. The possibility that the minor embryonic chick hemoglobins might be present in a particular subgroup
of primitive erythroid cells has been investigated by in situ hybridization. Probe to detect the mRNA for the «*
globin chain of the minor embryonic hemoglobin was used, and the results of the hybridization were compared
with those obtained using as probes the cDNAs for total globin mRNAs. All erythroid cells circulating in a
4-day-old chick embryo gave positive signals with both probes at an approximately constant ratio. This shows that
all cells contain a similar assortment of hemoglobin types, excluding the possibility that a subgroup might contain
the minor primitive hemoglobins exclusively. However, the cells are not homogeneous, since about 10% of them
show a distinctly higher concentration of mRNA of all globin types.
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The chick embryo is a convenient model system to
study the switch of hemoglobin types that occurs dur-
ing the embryonic development of vertebrates. In the
chick, a primitive red cell line containing embryonic
hemoglobins is present from the start of embryonic
development. Later, starting from about day 6 of devel-
opment, a new red cell line is put into circulation and
new hemoglobins, the adult types, are found in the cell
lysate!,

To understand the control of gene expression, an im-
portant point is to establish which hemoglobin types are
present in the different erythroid cells. There is a wealth
of work concerning the hemoglobin types present in the
primitive erythroid cells of the chick embryo’. Several
different fractionation procedures have been used, all
showing that these cells express a total of four
hemoglobins: the major embryonic hemoglobins Hb P
and Hb P’, and the minor embryonic hemoglobins Hb E
and Hb M. No adult hemoglobin type is observed in
these cells?>®. The two major hemoglobins, Hb P and
Hb P, are formed by two embryonic «-like globin
chains, = and 7’ associated with the embryonic S-like
globin chain p®-%, while the two minor hemoglobins,
Hb E and Hb M, are formed by the two adult «-like
chains, a”* and aP, associated with the minor embryonic
B-like globin chain ¢%3% The analytical fractionations
have never revealed the presence of hybrid hemoglobin
molecules formed by major embryonic globin chains
interacting with minor embryonic globin chains, except
in the lysate of aged erythrocytes®. This finding might
reflect compartmentalization of minor and major em-
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bryonic hemoglobins in different cell lines or on an
absolute specificity in the interaction between the differ-
ent types of «- and f-globin chains. Since the switch
from the embryonic to the adult type of hemoglobins,
observed in the chick embryo at around day 6, appears
to depend on the replacement of the erythroid cell
line%3 it cannot be excluded that the absence of the
hybrid hemoglobins in the lysates of primitive erythroid
cells might depend on a compartmentalization of the
two types of hemoglobins in two different subpopula-
tions of the primitive cell line. It is important to estab-
lish the number of different cell types put into
circulation by the embryo during development. Im-
munolabelling experiments aimed at studying hemo-
globin compartmentalization did not provide conclusive
results®. In that investigation, rabbit polyclonal anti-
bodies specific for the ¢*- and «P-globins were prepared
and reacted with the primitive erythroid cells of the
5-day-old chick embryos. Fluorescence labelling of the
immunoreacted erythrocytes showed that about 10% of
those cells had interacted with the antibody preparation
with a distinctly high efficiency. Since it was not possible
to exclude partial cross reactivity with the major embry-
onic globins, the results did not establish whether the
highly reacting cells were the only ones containing the
minor embryonic globins®.

In situ hybridization studies using specific DNA probes
appeared an elegant method to visualize and quantify
the oA-globin mRNA present in the circulating cells of
the 4-day-old chick embryo, because its high specificity
minimizes interference from the other globin mRNAs,
For this reason in situ hybridization was considered a
suitable method to provide conclusive evidence of the
distribution of embryonic hemoglobins in the primitive
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red cell line. A DNA probe was prepared that was
specific for the o”-globin mRNA, to label only cells
containing the minor embryonic hemoglobins. Since the
results showed the occurrence of two populations of
cells with different mRNA concentrations, the hy-
bridization experiments were also performed using as
probes cDNAs prepared from total mRNA isolated
from the erythroid cells of the 4-day-old chick embryo.
These cells contain almost exclusively globin mRNAs'®,
and for this reason the hybridization results obtained
using the cDNA probe were considered good reference
values for total globin mRNAs.

Materials and methods

In situ hybridization. Fertilized chick eggs were obtained
from a local poultry farm. Embryos were grown to the
desired stages in a humid incubator at 37.7 °C. Smears
of circulating blood of 4-day-old chick embryos were
prepared on microscope slides and fixed by exposure to
a vapor of 4% p-formaldehyde in 0.9% NaCl in 10 mM
sodium phosphate pH 7.2 [phosphate-buffered saline
(PBS)]. Smears were washed three times for 15 min at
room temperature in PBS and then immersed for 15 min
at room temperature in 0.2 M Tris-HC], 0.1 M glycine
pH 7.4. Prehybridization was performed for 60 min at
42°C in 2x SSC (SSC=150 mM Na(Cl in 15 mM
sodium citrate pH 7), 50% formamide, 20 mM L-me-
thionine. The hybridization mix contained 0.5 ng/ul of
labelled DNA probe, 50% formamide, 0.5 pg/ul of
herring sonicated DNA, 2 pug/ul of E. coli tRNA,
1 x Denhardt’s solution (0.2 mg Ficoll, 0.2 mg Poly-
vinylpyrrolidone, 0.2 mg BSA/ml), 20 mM L-methion-
ine, 2 x SSC. Nucleic acids were denatured in the solu-
tion used for hybridization by heating for 10 min at
100 °C and then rapidly cooling in an ice bath. Aliquots
of 10 pl of the hybridization mix were placed on the
blood smears. These were covered with a coverslip and
placed in a closed box lined with filter paper soaked with
2 x SSC. Hybridization was carried -out overnight at
42 °C. At the end, coverslips were removed and excess
probe was washed off by rinsing smears two times for 30
min at room temperature in 2 X SSC, 20 mM L-methion-
ine, then for 15 min at 55°C in 0.1 x SSC, 20 mM
L-methionine, and finally for 15 min at room tempera-
ture in 0.1 x SSC. Smears were then sequentially dipped
for 30 sin 0.3 M ammonium acetate solutions containing
successively 50% ethanol, 70% ethanol and 90% ethanol.
At the end, working under a red safelight, air-dried
smears were dipped in melted Ilford K5 emulsion diluted
1:1 with H,O and air-dried for 2.5 h in a dark box at
room temperature. Smears were then transferred to a
light-tight slide box, and the exposure was continued for
3 to 10 days at 5°C. Smears were then developed in
Tiford IF2 developer for 5 min, fixed in Ilford FIX for 10
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min at room temperature, washed for 15-30 min under
running water and stained with Giemsa’s stain.

Probe preparation and labelling. The «* chicken globin
probe was prepared by double digestion of the plasmid
pBRa7-1.7, kindly provided by Dr Engel!'. This plas-
mid contains the 1.7 kb EcoRI-BamHI fragment of the
a”-globin gene inserted between the EcoRI and BamHI
restriction sites of pBR322. The plasmid was digested
with EcoRI and BamHI restriction enzymes, and the
1.7 kb fragment was separated from the vector plasmid
by electrophoresis in Tris-EDTA-borate buffer on 1%
low-melting agarose gel (BRL), and extracted following
a standard protocol'?, The a”-globin probe specifically
recognized the a”-globin gene by Southern blot analysis
of the DNA from the chicken erythroid cells in the
conditions corresponding to those of our experiments.
Consequently, this DNA was used as a test probe to
detect the minor embryonic hemoglobins in the cells of
the primitive erythroid line. The DNA of the plasmid
2.8 kb pGEM-3 (Promega) was used as a negative
control probe to reveal possible nonspecific interactions.
The plasmid was linearized by digestion with EcoRI
restriction enzyme (Boehringer), separated from its
undigested topological forms by gel electrophoresis in
low-melting agarose and extracted from the gel as indi-
cated for the a”-globin probe. Total poly(A) mRNAs
were prepared by standard protocols from the erythro-
cytes obtained from circulating blood of 4-day-old em-
bryos'?. Double-strand ¢cDNAs, synthesized from this
mRNA preparation using the Amersham cDNA kit,
were used as probes to test the total globin mRNAs
present in the erythrocytes studied. The specificity of the
c¢DNA globin probe was tested on smears of blood cells
from 14-day-old chick embryos that contained both
immature and mature red cells. In those smears only the
immature cells showed a positive reaction with the
¢DNA globin probe, demonstrating that the presence of
grains in the cytoplasm was not caused by possible in
situ hybridization artefacts.

The multiprimer DNA labelling kit (Amersham) and
a33S-dCTP, 1000 Ci/mmol, were used to label to high
specific activity the three DNA probes, while oS-
dATP, 600 Ci/mmol, was used as precursor to obtain
probes at a lower specific activity.

Results

The results of hybridization experiments on primitive
erythroid cells isolated from 4-day-old chick embryos
are shown in figure 1. Hybridization grains were ob-
served in all the cells of the primitive erythroid line
when the 1.7 kb o” globin gene fragment, labelled with
38-dCTP, was used as a probe (fig. 1A). The gradients
of grain density observed in the proximity of all cells
were sharp, indicating that only minor spillage of the
mRNAs occurs in the hybridization procedure. The
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Figure 1. Erythroid cells of 4-day-old chick embryo in situ hybridized with different probes as follows: (4) with a”-globin gene;
(B) as (4), but cells prehybridized with the unlabelled probe; (C) with pGEM-3 plasmid DNA; (D) with cDNA of all globin mRNAs.
Giemsa staining. Original magnification x 780. Bar = 10 pm. Note that in (4), (B) and (C) probes were labelled with «3°S-dCTP; in (D)

the probe was labelled with «>*S-dATP. For details, see text.

specificity of probe hybridization was revealed by nega-
tive results obtained in the experiments in which hy-
bridization was performed on cells pre-treated with the
unlabelled 1.7 kb DNA fragment and by using as a
probe the heterologous pGEM-3 DNA, labelled with
3S-dCTP. In the first case there was no evidence of
hybridization (fig. 1B). When the heterologous pGEM-
3 DNA was used as a probe, the number of grains per
cell was only slightly higher than the background (fig.
1C). The possible occurrence of in situ hybridization
artefacts was tested in experiments in which the 1.7 kb
a”-globin probe was used to hybridize smears of MEL
cells. These are transformed mouse erythroid cells
blocked at the proerythroblast stage that can be in-
duced to synthesize hemoglobin by a suitable inducer'?,
Hybridization of MEL cell smears produced the same
low density pattern of grains as the heterologous
pGEM-3 DNA probe shown in figure 1C. This result
confirmed that the presence of grains in the cytoplasm
of cells is due to specific interactions.

When the probe was total globin cDNA labelled with
a**S-dCTP, the hybridization grains in the erythroid
cells were too crowded to be counted accurately. For

this reason probes were also prepared with a lower
specific activity by using «**S-dATP as labelled precur-
sor. The results of the hybridization with total cDNA
labelled with «3°S-dATP showed, as expected, the pres-
ence of grains in the cytoplasm of all cells (fig. 1D). The
decrease in probe sensitivity was sufficient to avoid the
excessive crowding of grains per cell that interfered with
the accurate determination of the values when the probe
was labelled with «3S-dCTP. A higher background
level than in panel A is observed in panel B because of
the increased number of targets revealed by the mixture
of globin cDNAs constituting the probe.

Plots correlating the number of cells containing a par-
ticular range of grain numbers with the number of
grains per cell have been derived from three experiments
in which globin probes were labelled at a lower specific
activity with a3°S-dATP. The results of the hybridiza-
tion, when the probe was the a*-globin gene and la-
belled only cells containing the mRNA for minor
embryonic hemoglobins, confirm the presence of that
mRNA in all cells. The plot also shows the occurrence
of two types of cells (fig. 2A): one with a lower (55) and
one with a higher (108) average number of grains. The
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Figure 2. Plots correlating the number of cells showing a particu-
lar range of grain number with the range of grain number, as
revealed by in situ hybridization. Data are mean values of three
different experiments. (A) a“-globin gene as a probe. Grain
density determinations were performed on 74 cells in total.
(B) ¢cDNAs for all globin mRNAs as probe. Grain density deter-
minations were performed on 70 cells in total. Unpaired ¢ tests,
for the two groups of values of (A) or (B), provide P < 0.0001.

pattern of the plot is also bimodal when total globin
¢DNAs are used as probes (fig. 2B), again indicating
the occurrence of two types of cells. In this case the
values of grain numbers depend on the concentrations
of all possible mRNAs and can be used as reference
hybridization values that are not influenced by factors
specific to particular mRNAs. Statistical analyses per-
formed using an unpaired ¢ test of the means corre-
sponding to the low and to the high values of the grain
number per cell reported in figure 2 provided a two-
tailed P value <0.0001 with 16 and 46 degrees of
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freedom respectively for data of panel A and panel
B. Such a P value is extremely significant for the pres-
ence of two different groups. It is interesting that the
bimodal pattern observed with total globin ¢DNAs
shows a similar percentage of cells displaying a high
number of grains to that observed with the probe spe-
cific for «* mRNA. In both experiments there is no
correlation between the cell morphology and the num-
ber of grains present in the cell, and the patterns do not
change if the values are expressed as number of grains
per unit area.

Discussion

The results of the in situ hybridization experiments,
reported in figure 1A, provide conclusive evidence that
the mRNA for the «#-globin chain of the minor embry-
onic hemoglobins is present in all the erythroid cells of
4-day-old chick embryos. This is demonstrated by the
presence of hybridization grains in all the cells that have
been exposed to the radioactively labelled probe specific
for the aA-globin mRNA. Since there is no segregation
of the minor embryonic hemoglobins to a particular
group of cells, the absence of the hybrid hemoglobin
tetramers in the total hemolysate of the primitive ery-
throid cells is due to the specificity of the reciprocal
association of the different globin chains.

Interestingly, the distributions of the values of the num-
ber of grains per cell reveal two subpopulations of cells
(figure 2A) as was the case in the immunological stud-
ies®. The presence of two groups of cells in the primitive
erythroid line is evident when hybridization is per-
formed to detect the mRNA for the minor embryonic
a”-globin chain and the mRNAs for total globins (fig.
2). In addition, the results do not depend on the specific
activity of the probes. The correspondence between the
results of the immunolabelling of the erythroid cells,
showing differences in the hemoglobin concentrations®,
and those of the in situ hybridization of the mRNA,
reported here, suggests that the two subpopulations
might in fact be the same group of cells. The possibility
that the two groups of cells in panel A and panel B of
figure 2 are indeed different subpopulations of the same
line is strongly supported by the statistical analysis of
the two values. In other words it appears that in the
embryonic circulation there is a group of cells contain-
ing a higher concentration of mRNAs and a higher
concentration of hemoglobins. This group might corre-
spond to the second wave of the primitive red blood
cells that are newly synthesized in the yolk sac and
released into the circulation as reticulocytes at day 4 of
development'. It is interesting that the differences in
mRNA concentrations do not concern the hemoglobin
assortment, as clearly shown by the observation that the
ratio between the hybridization values with the probe
detecting the mRNA of a minor globin and the probes
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detecting total globins is almost constant in the cells of a very marginal influence on the hemoglobin content of

those. cells®.

the two groups.

As a final consideration, the results presented here
confirm the hypothesis that the cells of the primitive
erythroid line are all put into the circulation with a
similar specific program of globin gene expression, very
likely established at the level of stem cells in the erythro-
poietic site. The finding that the hemoglobin assortment
is the same in cells showing mRNA concentrations
differing by a factor of two (fig. 2A, B) indicates that
the program for the relative rate of gene expression is
not grossly influenced by the efficiency of mRNA syn-
thesis. This is not in conflict with the suggestion that the
lineage-specific differences found in the abundance of
transcription factors in chick erythroid cells might be, at
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