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ABSTRACT We report the DNA sequence of the globin locus
encoding the chicken embryonic a-globin, i. The structure dif-
fers significantly from that of the two chicken adult a-globin genes,
aA and aD, as well as from that of previously studied adult a-glo-
bin genes in that the introns of the m-" gene are substantially larger
than those in adult a-globin loci. In contrast, the i' introns are
structurally similar to the only other expressed embryonic a-glo-
bin gene reported to date, the human 'gene. While completing the
sequence of the l' gene, we determined that only one chromo-
somal locus within the chicken genome hybridizes to a i' central
exon probe. These data lead to the conclusion that if the equimolar
chicken embryonic a-globin polypeptides, called wfand i', are in-
deed independently transcribed, then that transcription occurs from
alleles of the same gene; however, we favor the possibility that the
w gene does not actually exist. This conclusion is drawn from the
observation that the two chromosomal alleles of embryonic a-glo-
bins (represented by recombinant bacteriophage ACaG5 and
ACaG7) both encode i'.

The a- and f3-globin genes of the chicken make up a small mul-
tigene family that is subject to temporal regulation of gene
expression during development (switching). This regulation can
be defined as occurring both within a single cell type (e.g., tran-
sient pH expression in the definitive erythroid cell) and in dif-
ferentially related cell types [e.g., p versus /3 expression during
the switch from embryonic globin synthesis in primitive eryth-
roid cells to adult globin synthesis in definitive erythroid cells
(1)]. To study the expression of those genes that are regulated
during avian embryogenesis, we have isolated and character-
ized both a- and /3-globin linkage groups on recombinant bac-
teriophage (2-5).

In this paper, we report the complete DNA sequence for the
member of the globin gene family of the chicken that had not
heretofore conclusively been identified in chromosomal DNA,
that encoding the embryonic chicken a-globin. The gene se-
quence here reported encodes 7r', one of two major a-globins
expressed exclusively in the primitive erythroid line. These two
globins are reported to differ one from another by a single amino
acid at position 124 of the polypeptide chain, being either ala-
nine (vr) or glutamate (ir') (6).
We were unable to demonstrate linkage of the other major

embryonic a-globin gene, r, to within 12 kilobase pairs (kbp)
of the a-globin gene cluster (4), and we present evidence from
the analysis of two a-globin genomic recombinants that only a

single chromosomal locus codes for the embryonic a-globin
polypeptide chains, thereby indicating that ff and 7r' are pro-
duced by the same gene. Southern blotting data support this
conclusion, in that only a single chromosomal restriction en-
donuclease fragment is visualized in genomic maps when they
are probed with a central exon subclone of ir'.

The publication costs ofthis article were defrayed in part by page charge
payment. This article must therefore be hereby marked "advertise-
ment" in accordance with 18 U. S. C. §1734 solely to indicate this fact.

MATERIALS AND METHODS
Isolation and Characterization of Embryonic ac-Globin

Chromosomal Recombinant Bacteriophages. Isolation of re-
combinants ACaG5, ACaG6, and ACaG7 from the original am-
plified A Charon 4A/chicken chromosomal DNA linker library
(2) has been described (4, 5). The position of the ir or r' gene
within these recombinants was determined by positive blot hy-
bridization with a radioactive cDNA probe prepared from glo-
bin mRNA isolated from embryos 4.5 days after fertilization,
and lack of hybridization to the same restriction fragments with
an adult globin-specific cDNA probe (ref. 4; data not shown).
The chromosomal a-globin domain as defined by these hybrid-
izations is shown by Fig. 1A, and, in particular, the locus re-
ported herein is shown in Fig. 1B. Subelones prepared from this
segment of the chromosome and containing the embryonic a-
globin locus are shown in Fig. 1C, and sequence analysis strat-
egy for the locus is shown in Fig. 1D. pBR322 subclones were
prepared as described (3, 4); we have also previously described
conditions used for chromosomal Southern blotting (3, 7), end-
labeled fragment isolation (3, 8), and DNA sequence analysis
and gel electrophoresis conditions (9, 10). The only sequencing
modifications used in this study were to dry the 0.4-mm gels
onto Whatman 3MM paper before autoradiography and then
expose the dried gel without intensifying screens. Although this
necessitated increasing the exposure time 3- to 4-fold, the in-
crease in band resolution of sequencing ladders was substan-
tially enhanced. Recombinant DNAs were propagated accord-
ing to current National Institutes of Health guidelines for
recombinant DNA research.

RESULTS
DNA Sequence of the d'-Globin Gene. In our original re-

port of the chicken a-globin linkage group (4), we alluded to the
close proximity of the embryonic iror ir' gene to the adult genes.
Some uncertainty existed regarding the precise location of the
embryonic gene, because the adult genes (aA and aD) are also
expressed at low levels in the primitive (embryonic) erythroid
lineage (1), and these adults genes are also quite closely linked,
thus giving rise to a complex mapping blot hybridization pattern
of embryonic globin cDNA to chromosomal recombinants ACaG5
and ACaG7. A variety of overlapping subclones in the embry-
onic a-globin region were prepared and fine-structure restric-
tion maps of these subelones were derived by using the tech-
nique of Smith and Birnstiel (11). After these results had been
obtained, the sequence of the locus was entirely determined;
the data from these experiments are shown in Figs. 1 and 2. The
DNA sequences of ACaG5 and ACaG7 in the region of the third
exon (described by subclones pa5BH20 and pa7BR2; Fig. 1C)
are identical, and they predict the same glutamate at position
124 of the polypeptide chain (Fig. 2), thereby identifying both

Abbreviation: bp, base pair(s).
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FIG. 1. Chromosomal location of and sequencing strategy for the embryonic chicken a-globin gene. (A) Position of the 7r'-globin gene relative
to the adult a-globins, aD and aA (4, 5). The transcriptional direction (5' to 3') and approximate primary transcript size are shown above each gene,
depicted in the chromosome as a series of black boxes (three exons for each of the three genes). Also depicted is an abbreviated restriction map
of the a-globin chromosomal domain. (B) An expanded section of the chromosome in the region of the ir'-globin gene. Restriction enzymes used

in analysis of the locus are I, EcoRI; T , BamHI; V, HinduII; I, Taq I; X, Hinfl; 6, Sac I (Sst I). As in A, black boxes correspond to the position
of the three ir' exons. The arrow in parentheses above exon 2 (E2) shows the position of the EcoRI linker of ACaG6 (4). (C) Subclones used in the
sequence analysis of the gene were generated from parental A recombinants ACaG5, ACaG6, and ACaG7 (4). For example, pa6HR15 denotes:
pBR322 subclone, ACaG6, Hindfll/EcoRI, isolate 15. (D) Sequencing strategy for the locus. The vertical line in each case represents the position
of the 5' end label, and the arrowhead represents the direction and maximal extent of DNA sequence determined from a single labeled restriction
site end (shown in B). The sequence of each fragment was determined multiple times.

recombinants as encoding the IT'-globin (6). Although the ACaG5
and ACaG7 subelones containing the third exon are identical in
their respective coding segments, a single base difference was

detected in the 3' untranslated segment of the respective sub-
clones (Fig. 2; data not shown). Thus, ACaG5 and ACaG7 are

assumed to be representative of the two different chromosomal
alleles of this gene within the linker library.
The r' DNA sequence (Fig. 2) has both expected and un-

expected structural features typical for a-globin genes. Introns
occur within codon 31 and between codons 99 and 100, assum-

ing that the normal splice-junction rule (5' G-T A-G 3' for

nucleotides that directly abutt the intron/exon boundaries) ap-

plies to this gene (15); thus intron position in all a-globins is pre-
cisely conserved (16-18). Consensus sequences implicated in
vivo and in vitro for accurate and abundant transcription exist
5' to the gene coding sequence, and these C-C-A-A-T (nucleo-
tides 253 to 257) and A-T-A (nucleotides 300 to 302) conserved
DNA sequences are in a physical location with respect to the
gene consistent with their presumptive enhancer and promoter
specificity function (12, 13, 19). Similarly, 125 nucleotides 3' to
the termination codon we found the A-A-T-A-A-A recognition
sequence (nucleotides 1,806-1,811), the poly(A) processing sig-
nal (14, 20). Thus, this gene contains all landmark consensus se-

quences we have come to expect in many RNA polymerase II-
transcribed genes.

Introns of the '-Globin Gene. The major unexpected find-
ing in the DNA sequence shown in Fig. 2 was the size of the
two introns. In those a-globin genes that have been reported to
date, the intron sizes are relatively highly conserved (Fig. 3).
The 5' intron usually shows most extreme size conservation,
varying between 113 nucleotides (17) and 147 nucleotides (5).
The 577-nucleotide 5' intron in the iA' gene reported here is
thus 4-5 times larger than that in any other expressed adult a-

globin gene. The 3' intron is also unusually large (294 nucleo-
tides) when compared to adult a-globin loci (5, 18) with the ex-

ception of the minor adult chicken a-globin gene, aD (281 nu-

cleotides).
Recently, the sequences of the human embryonic a-globin

gene, termed 4, and a closely linked pseudogene, q4r, have also

been reported (21). Both the gene and the related pseudogene
bear striking structural similarity to the Tr' gene reported here.
Both ; and qi contain simple, tandemly repeated sequences in
their introns, whereas the A' gene does not exhibit these struc-
tural features. If one deletes these simple sequences from the
5' intron and then compares the sizes of the analogous introns

of 1r' and 4, one finds the introns to be quite similar in size (617
bp vs. 577 bp for the 5' introns and 239 vs. 294 bp for the 3'
introns in ; and vr', respectively). Yet, despite this structural
similarity, and as might reasonably be expected from the length
of time since these genes originally diverged, Ar' and ; share
only limited sequence homology. The evolutionary implications
will be considered in Discussion.

Alielism at the iT/r' Globin Locus? One question arising
during these and prior investigations (1) that neither we nor oth-
ers had been able to resolve was whether wand Tr' polypeptides
were encoded by two separate genes, or if, in fact, they were

alleles of the same gene. It has been reported that segregation
of alleles had not been observed in analysis of the hemoglobins
present in individual embryos, nor was allelism evident in
erythroid multicell colony bursts in culture (6, 22). Further-
more, the sequence analysis of the ir and A' polypeptides dem-
onstrated a single amino acid difference at position 124 of the
polypeptides, also indicating a single change in charge between
the two (6). Thus we were initially perplexed by our inability to
isolate a recombinant containing another embryonic a-globin
gene either linked to or physically distinct from the rest of the
a-globin gene cluster.

During the early part of this work, the ir/lr' gene was mapped
to contiguous DNA fragments summing to greater than 1,500
nucleotides; therefore, it was assumed that this hybridizing lo-
cus contained both the ir and ir' genes and that these genes were

very closely linked in the genome. Later, the DNA sequence

of this locus (Fig. 2) showed that this earlier assumption was in
error and that the locus instead encoded a single, abnormally
large, embryonic a-globin gene, rr'.

Attempts were then made to determine if one or two separate
embryonic a-globin genes existed in the genome by studies on

chromosomal DNA rather than of isolated recombinants. Be-
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Lagccttagtttgctcaaaatccattgaaaggcacgtcctaatcctccatcactagaatgttccagcactatctctctgctcatacgtgc
Hind 1 0 0

ctggtcaactttttcaggccacacggccaatacgtgttcagaagcaagaagctgataacaccagcaaaccaggaggccagtgcactgaccc
2 0 0

ttagcgaaatgggctttgtttcacaaggagataagggtctcccacctccatgggtgggcctccggagtgaCCAATgagtgtggacagatgc
3 0 0

caaggcccgctctcctcttcctctttATAaccggggctgcgagggcactcagtacaacctgctctgggtgttcactgaagggagcctgagc
4 0 0

cagcactctcctgcacaatgGCA CTG ACC CAA GCT GAG AAG GCT GCC GTG ACC ACC ATC TGG GCA MAG GTG GCT
Ala Leu Thr Gln Ala Glu Lys Ala Ala Val Thr Thr Ile Trp Ala Lys Val Ala

ACC CAG ATT GAG TCC ATT GGG CTG GAA TCA CTG GAG AG gtaagtcacccacagcacccccccaaagggtgccccccc
Thr Gln Ile Glu Ser Ile Gly Leu Glu Ser Leu Glu Ar(g)

6 0 0
tgactttgctgttaggatgcatcttgtttcagtgctgtatgagtgagacccatacagtcgtgttaggactgatgagaactgcttgatgag

EcoRI
ctgcatgttttttaacatgattttttcttactggagttacacccgtgctae'gaattceaaaggcattcatactcggtgtcccgaaataggg

700 2

ttatcgctaccaggaaatgaactcaaatagatttatcacataagtcgccatgeaatggacattaagagaatagctgtccacatttgttgt
800 3

tgttcagagctatttaaatgctatttacaatcaatctaacatatcgtgatatccctgctgggactccgagtaccactcataccaatcctg
g O O . HindMgttcattcagctcacagcagtttgaagaccttgcaaaattggcttacggtataatataggaaacgtggtgtcagtttctaagctgtccaaag

4000 1

CTT TTT GCC AGC TAT CCT CAG ACG AAA ACC TAC TTC CCT CAC TTT GAT GTC AGC TGG GGC TCA GTT CAG
Leu Phe Ala Ser Tyr Pro Gln Thr Lys Thr Tyr Phe Pro His Phe Asp Val Ser Gln Gly Ser Val Gln

CTT CGT GGT CAC GGC TCC MAG GTC CTG AAT GCC ATT GGG GAA GCT GTG AAG AAC ACG GAC ATT AGA
Leu Arg Gly His Gly Ser Lys Val Leu Asn Ala Ile Gly Glu Ala Val Lys Asn Ile Asp Asp Ile Arg

1200~~~~ ~ ~ ~ ~ ~ ~~~~~~~~~0

GGT GCT TTG GCC AAA CTC AGC GAG CTG CAT GCT TAC ATC CTC AGG GTG GAC CCA GTGGcC TTC AAG gtg
Gly Ala Leu Ala Lys Leu Ser Glu Leu His Ala Tyr Ile Leu Arg Val Asp Pro Val Asn Phe Lys

1 3 0 0

agtgggcacgctttcagggatgaaaactaccagtcacagaactagaggccacaggtcatttagactaatgggagcttcatccctgactgtg
1 4 0 0

tggtacagcctcatgttgctcctggttccccagctgatttttaacctgagactggatcttctagcaaaccatctaatccagtttaagctgt

. 1500~~~~~~~~~~~~~~~~~~~~0

tacctggctgggacatgtattttttttcattccagagcatgttgc^aZctgttagattggcatctcttactgattacaatggatttcatct
7 Hinf I 1600

ttgttttttccctttcag CTG CTT TCC CAC TGT ATC CTG TGC TCT GTG GCT GCC CGC TAT CCC AGT GAT TTC
Leu Leu Ser His Cys Ile Leu Cys Ser Val Ala Ala Arg Tyr Pro Ser Asp Phe

ACC CCA GAA GTT CAT GCT GCG TGG GAC AAG TTC CTG TCC AGC ATT TCC TCT GTT CTG ACT GAG AAA TAC
Thr Pro Glu Val His Ala Ala Trp Asp Lys Phe Leu Ser Ser Ile Ser Ser Val Leu Thr Glu Lys Tyr

1 7 0 0
AGA taa atggcttccacactgggttagggacgtgcatccacggcacacaacagctgccaagttctggggtattcttcctatgcagtccc
Arg ...

1 8 0 0

cccaactcccctgcgcaggggctcggccaccagcacaccacAATAAAtaattcgactgtgatctatggttc
FIG. 2. DNA sequence of the 7r'-globin locus. The DNA sequence of the ff' gene determined as depicted in Fig. 1 is shown. Because no inde-

pendent transcription initiation or polyadenylylation sites were determined in this study, numbering in the locus arbitrarily begins at the first
(leftmost) HindJII site of Fig. 1B. By analogy to other mRNA cap sites (5), we presume that transcription initiation begins at nucleotide 327. Nu-
cleotides are numbered in multiples of hundreds, the last digit placed over the appropriate nucleotide; in between hundreds, a dot is placed over
the 50th nucleotide in the sequence. Consensus sequences common to other RNA polymerase II-transcribed genes, and flanking the transcribed
sequence, are capitalized and underlined (5, 12, 13, 14; see text). Codons for the f'-globin are capitalized directly over the amino acids encoded in
the ir' polypeptide (6). Restriction enzyme recognition sites are indicated for ease of orientation relative to the map of Fig. 1B. The single nucleotide
difference detected in pa5BH20 and pa7BR2 (see text) is-an C versus T. respectively, at position 1,716.

cause the DNA sequence of the 7r' structural gene had already cause the -7rand 7' polypeptides are identical within this region
been determined (Fig. 2), it was reasoned that by using in chro- (amino acids 32-99) (6), reason further dictated that a w' central
mosomal Southern blots a combination of restriction endonu- exon probe should detect both v and mr' sequences in chro-
cleases that cleaved both within and outside of the v' globin mosomal DNA. If the coding sequences for these polypeptides
locus and by using the ir' central exon as probe, one should be were found at two distinct chromosomal locations by these cri-
able to deduce whether one or two different loci complemen- teria (i.e., if two bands were detected on genomic blots) they
tary to theA' central exon probe existed in genomic DNA. Be- must be encoded by separate genes; if only one band was de-

1394 Genetics: Engel et aL
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FIG. 3. Intron sizes in vertebrate a-globin genes. The following
intron sizes are shown: (A) human adult a2-globin (17), (B) human
adult a1-globin (18), (C) mouse adult a-globin (16), (D) chicken adult
aA-globin, (E) chicken adult aD-globin (5), and (F) chicken embryonic
7r'-globin. Numbers above each blank correspond to the size of the 5'
(leftmost) and 3' (rightmost) introns in each gene. In each case, the three
exons (black boxes) are identical in length.

tectable, the most likely possibility was that the two proteins
were encoded by alleles of the same gene.

The results of this chromosomal blotting experiment are shown
in Fig. 4. Clearly, only one locus complementary to the vr' cen-

tral exon probe is detected on these filters, whether the DNA
is digested with restriction enzymes that give large (EcoRI,
BamHI, HindIII) or small (Taq I) genomic DNA digestion frag-
ments. Each of these restriction enzymes produces bands pre-

cisely predicted by the map of the v'-globin locus (Fig. 1B), and

it was therefore tentatively concluded that embryonic chicken
a-globins must be synthesized from alleles of the same gene at
a common chromosomal locus or that in fact only one gene (that
encoding vr'-globin) exists in the chicken genome (see Discus-
sion).

DISCUSSION
The DNA sequence of the 5'-most locus (relative to transcrip-
tion) in the chicken a-globin gene cluster corresponds to that of
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FIG. 4. Chromosomal Southern blot hybridization to the r' central
exon. Three micrograms of chromosomal chicken erythrocyte DNA was

digested with EcoRI (R), BamHI (B), Hind]II (H), or Taq I (T), as well
as combinations of these, electrophoresed on a 0.8% agarose gel, and
blotted, hybridized, and washed as described (3). The probe usedforhy-
bridization was nick-translated pa6HR15 (Fig. 1C), which contains 150
nucleotides of iT' central exon coding sequence and 99 nucleotides of
5' intron sequence. Fragment sizes were determined by hybridization
to restriction enzyme-digested, internal A and pBR322 markers run in
a separate lane on the same gel (not shown).

the embryonic a-globin. gene, 7r' (Fig. 1). The gene is typical
of most other eukaryotic RNA polymerase II-transcribed genes
in most respects: (i) consensus C-A-A-T (13) and A-T-A (12) boxes
flank the 5' end of the gene, whereas a consensus polyadenyl-
ylation sequence A-A-T-A-A-A (14) is found in the sense strand
125 nucleotides 3' to the termination codon; (ii) splice junction
sequences 5' G-T . . A-G 3' border the exons and interrupt
the coding sequence in positions typical of other ac-globins (5,
16-18).
The results reported here do not conclusively resolve the

question of whether embryonic a-globins Xand ir' are separate
genes or are alleles of the same gene. As reported previously (4)
and in these experiments, only a single locus hybridizing to em-
bryonic a-globin cDNA has been found, and that locus (from the
sequence of the 3' exons of two separate recombinant sub-
clones, one from each chromosome;.Fig. 1C) corresponds to the
coding sequence for the embryonic gene Ar' (Fig. 2). Chro-
mosomal Southern blot analysis would similarly indicate the
presence of only a single locus encoding this polypeptide (Fig.
4). Contrary to these data, analysis of the globin polypeptide
chains derived from erythroid bursts in chicken embryo mes-
enchymal organ culture demonstrates the presence of both glo-
bin chains in every burst examined (with sometimes as few as
three erythroid precursors per burst) (22), thereby implying the
expression of two separate and nonallelic embryonic a-globin
genes. We offer below two separate explanations to resolve these.
apparently disparate results.

The first possibility is that all, or a large portion, of the a-glo-
bin gene cluster has been duplicated in the chicken genome,
and that, after this duplication, globin genes XT and A' diverged
by one amino acid, whereas genes aD and aA did not diverge.
This explanation would resolve the apparent conflict of these
results with those of grand Ir' polypeptide sequence analysis (6),
but it also places other constraints on the proferred explanation.
First, Southern blotting of chromosomal DNA from a wide va-
riety of chickens or chicken cell lines showed no evidence that
the adult chicken a-globin. genes were present in 2-fold excess
to the adult /3-globin gene (7). Because the a-globin andf3-glo-
bin loci are on different chromosomes (23), it seems very un-
likely that both loci have been independently duplicated. Fur-
thermore, if the a-globin locus has been duplicated, it has
apparently been duplicated on the same (or a nearly identical)
chromosome because a-globin cDNA appears to hybridize to a
single chromosome when chicken macrochromosomes are sep-
arated on sucrose gradients (23). Second, analysis of a wide va-
riety of chicken a-globin gene recombinants (4, 5, 24, 25) has
failed to reveal significant nucleotide divergence among the clones
such as might be expected if we had cloned two separate gene
clusters. This suggests that, if a duplication in the a-globin locus
has occurred, it has occurred (or has been corrected by gene
conversion) very recently in evolution. Note that the duplicated
adult a-globin genes of humans are presumed to be the result
of a relatively recent gene conversion event, and even so, the
genes still have considerable sequence divergence at their 3'
ends (17, 1S). An-explanation analogous to duplication of the a-
globin gene region might involve duplication solely of the an-
cestral embryonic a-globin gene followed by divergence to wr
and I'd. In this case, the duplicated ir gene must then lie outside
the approximately 30 kbp around the chicken a-globin gene lo-
cus that we have mapped in detail. This further requires that the
genomic DNA fragments produced at the r and w' loci upon
restriction digestion with those enzymes chosen for this analysis
(Fig. 4; EcoRI, BamHI, HindIIL, and Taq I) happen to be the
same size. Although the above considerations do not rule out the
possibility of duplication of the a-globin locus, they nonethe-
less weigh heavily against it.
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The second explanation to resolve this apparent ambiguity
would be to assume that there indeed exists only a single em-
bryonic a-globin gene, A', which encodes glutamic acid at po-
sition 124 of the polypeptide chain (6), and that the identifi-
,cation of a polypeptide ir, which encodes an alanine residue at
that same position, is. the result of an error in protein sequence
analysis. 'This alternative supposes that a single structural gene
exists in both chromosomes encoding A', and, therefore, this
single translation product is the only embryonic a-globin chain
inchickens. Why then, do the embryonica-globins resolveinto
equimolar species on acid/urea gels if not for this position 124
(alanine vs. glutamate) charge difference? A possible explana-
tion resides in the work which originally reported the sequence
of the two polypeptides. Globin X was found to be NH2-ter-
minally blocked, whereas globin c' was found to be ". at
least partially unblocked" (6). Assuming that "X" is. completely
blocked and "Xr"' completely unblocked at the NH2 terminus
(i.e., equimolar quantities of blocked and unblocked Ir', in real-
ity), this would account for a single charge difference resolving
the two equimolar species of the same polypeptide on acid/
urea/polyacrylamide gels. One major prediction for experi-
mental results emerges from this explanation: we would expect
newly synthesized chicken embryonic a-globin polypeptides to
migrate identically on acid/ureagels in the absence of NH2-ter-
minal blocking. Second, although not explicitly required by the
above explanation, we might expect embryonic hemoglobin P
to contain one blocked and one unblocked a-globin.polypeptide
per tetrameric hemoglobin P molecule. Thus, final resolution
of this question must await further experiments.

Finally, the fact that the sizes of the introns in this embryonic
gene vary greatly from those in other.expressed a-globins de-
serves some note; in particular these introns bear striking struc-
tural similarity to the human embryonic a-globin gene, ; (21).
In computer-assisted sequence comparisons between the 5' in-
trons of ir' and A, four segments of significant nucleotide se-
quence homology (i.e., greater than 90% identity) were found.
One of these homologous regions (nucleotides 940-949, Fig. 2)
has characteristics of possible structural significance, a match
'between a 10-nucleotide segment in 'the central portion of the
ir' intron'and the splice donor junction of the{gene intron. One
possibility'for a functional role of this internal splice junction
donor sequence could be as a normal donor in a multistep nu-
clear RNA processing mechanism whereby the intron is excised
in segments, rather than in a single splicing event (26). Perti-
nent to this possibility is the observation that several potential
splice-acceptor sequences exist between this homology unit and
the canonical splice-acceptor sequence bordering 'the second
exon (Fig. 2).

Although these two genes are quite similar to one another in
size, we have. detected only limited DNA sequence homology
in comparisons of the respective loci between the introns of;
andA'. Thus the relative conservation of physical size in the
chicken and human embryonic a.'globin genes is not reflected
in a similar conservation of intron DNA sequence. It has re-
cently been postulated that the human and chicken embryonic
a-globins diverged from their common ancestral gene long be-
fore avian/mammalian divergence (21, 27). We find it intrigu-
ing then, 'that although no sequences.for control of transcription
have been found internal to RNA polymeraseII-transcribed genes
in surrogate genetic experiments (transformation, transfection,
and microinjection), the embryonic a-globins of chickens and
humans have maintained, with substantial integrity, the size of

the introns of these related genes for about 400 million years.
The high level of evolutionary conservation of intron size among
members of developmentally similar gene types in widely di-
vergent species further 'suggests that the size and structure of
these introns may be of fundamental significance in control of
globin gene expression (28).
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