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ABSTRACT

A library of bacteriophage X clones containing chicken chromosomal DNA was
screened, using the adult 6-globin cDNA plasmid pHb 1001 as a probe. Sixteen
overlapping clones were isolated containing 35 kilobase pairs (kbp) of chicken
DNA. Characterization of these clones revealed four 6-like globin genes, some
genomically repeated sequences, but no pseudo-genes. The four 6-like genes
have an average intergenic distance of less than 3 kbp, which is less than
half of that found for the mammalian 6-like globin gene clusters so far char-
acterized. The overall features of the map were confirmed by genomic Southern
analysis. Frequent deletions were shown to occur between the various 6-like
globin genes during phage propagation. The presumptive hatching gene in
particular was always associated with abnormal X clones although we were
able to find one such clone that did contain a normal copy of the hatching
gene itself. Probably such deletions explain the failure to recover this
gene in previous attempts.

I JITRODUCTION
The chicken 6-like globin genes are a linked family of genes known to be

differentially expressed during development. The isolation of recombinant
bacteriophage containing the complete set of 6-like globin genes is of obvious
advantage in unraveling the complex regulatory events that occur as chicken
embryos switch from embryonic to adult 6-globin expression. While the entire
6-like globin gene clusters from human, rabbit,2 and mouse3'4 have been suc-

cessfully isolated and mapped, complete recovery of the chicken 6-like globin
gene region has so far proved elusive.5,6 In this paper, we report the isola-
tion of the complete chicken 6-like globin gene cluster as a set of overlap-
ping recombinant phage.

Our analysis of these clones indicates that deletions frequently exist
between the closely spaced hatching and adult 6-globin genes.
Frequent deletions during recombinant phage propagation could explain
earlier failures to obtain recombinant phage containing the entire 6-globin
region.5,6 Since closely spaced repeated sequences are not uncommon in euka-
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ryotic genomes, appropriate measures should be taken to minimiize deletions
during the propagation of recombinant phage if homologous tandem, or near

tandem, repeats are to be recovered intact.

MATERIALS AND METHODS
Isolation of Chicken s-Zike Globin Gene Recombinants from a Chicken DNA-X

Charon 4A Library. We obtained a library of chicken DNA fragments cloned in
the X vector charon 4A from Larry Souza and Marcel Baluda.7 All subsequent
work with these clones was carried out under P2+EK2 physical and biological
containment. Approximately 300,000 plaque-forming units from this library
were screened, using a modification of the Benton-Davis procedure. Nitrocel-
lulose filters (Millipore) were adsorbed on 150 mm petri plates for 2 min,
treated with 1.5 M NaCl, 0.5 M NaOH for 30 sec, and then 3 M NaCl, 0.5 M Tris-
HCl (pH 7.0) for 20 sec, and finally baked for 3 hr. Filters were prehybrid-
ized in 50% formamide, 0.75 M NaCl, 0.075 M sodium citrate, 3X Denhardt's
solution,9 50 mM NaHPO4 (pH 6.5), and 250 ig/ml denatured salmon sperm DNA for
>1 hour at 42°. Hybridization was for 16-18 hours at 420 in 50% formamide,
0.75 M NaCl, 0.075 M sodium citrate, 1X Denhardt's solution, 20 mM NaHP04
(pH 6.5), 125 wg/ml denatured salmon sperm DNA, and 4 PiC/ml of the 32P-labeled
large globin DNA Hpa II fragment from the adult $-globin cDNA plasmid pHb
1001.10 After hybridization, the filters were washed twice with shaking in
O.3M NaCl, 0.03 M sodium citrate, 0.1% NaDodSO4 for 1 hr at 670, and once with
0.15 M NaCl, 0.015 M sodium citrate, 0.1% NaDodSO4 for 30 min at 670. The
filters were then covered with Saran Wrap and placed against DuPont Cronex
film in the presence of intensifying screens for 1-2 days at -700.

Preparation of Phage DNA. 3 x 107 plaque-forming units of phage were
incubated at 370 for 10 min with 3 x 108 DP50 SupF cells in standard Bacto-
tryptone, yeast extract, NaCl medium containing diaminopimelic acid, thymidine
and 10 mM MgCl2. After incubation with shaking for 14 hours, 15 mM MgSO4 was
added, and the cell debris was centrifuged out. The supernatant was removed,
and 35 g of NaCl was added along with 80 g of polyethylene glycol. The phage
were allowed to precipitate overnight at 40 and then centrifuged. The preci-
pitate was resuspended in 50 mM Tris-HCl (pH 7.4), 10 mM MgCl2 and digested
for 60 min at 370 with 10 vg/ml DNase I and 100 ig/ml RNase A. After centri-
fuging to remove insoluble debris, the phage were chloroform extracted once
and then banded in a CsCl gradient. The phage band was removed from the tube
by side puncture and dialysed into 50 mM Tris-HCl (pH 7.4), 10 mM MgC12 for
3 hours. The dialysate was made 20 mM in EDTA and 0.2% in NaDodSO4 and then
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digested for 60 min at 600 with 200 pg/ml protease K. The DNA was then
extracted 3 to 4 times with phenol:chloroform (1:1) and dialysed overnight
into 10 mM Tris-HCl (pH 7.4), 1 mM EDTA.

Restriction Map Analysis, Southern Blotting, and Electrophoretic Transfer.

Restriction enzymes were obtained from Bethesda Research Labs or from New Eng-
land Biolabs. 0.8 9ag of recombinant phage DNA was digested under conditions
recomnended by the manufacturer and electrophoresed on 1% agarose (Sigma,
TyDe II) slab gels in a buffer containing 40 mM Tris-HCl (pH 7.4), 20 mM sodi-
um acetate, 2 mM EDTA, and 0.5 ig/ml ethidium bromide. The gels were visual-
ized using short wavelength UV light, photographed, and transferred to nitro-
cellulose filters (Millipore) by the procedure of Southern or to DPT paper38
by electrophoretic transfer.12 The transfer papers were hybridized to various
probes and washed as described above. Restriction maps were obtained by
electrophoresis of single, double, or triple restriction digests on 1% agarose
gels and calibrating with size standards of Eco Rl digested wild-type X (Be-
thesda Research) and Hae III digested M13 mp2.13 A more detailed analysis of
the various X clones was obtained by isolating particular DNA fragments for
further analysis from singly or doubly restricted recombinant phage DNA. The
desired DNA fragments were excised from 0.7% agarose slab gels; and after dis-
solving the agarose in 3 volumes of 8 M NaClO4, the DNA was bound to GF/C
filters. The isolated fragments were then either radioactively labeled for
use as hybridization probes on Southern blots or further restricted with Hae
III, Hpa II, or Hinf I and electrophoresed on tris-borate 6% polyacrylamide
gels along with Hae III digested M13 mp2 as a size marker.

Preparation of 32P-labeled DNA. To isolate a chicken adult S-globin
probe, plasmid pHb 1001 DNA was restricted with Hpa II and electrophoresed
preparatively on a tris-borate 6% polyacrylamide gel. A 466 bp DNA fragment
containing most of the coding sequence for adult chicken 0-globin 1 was
excised and eluted, using the method of Maxam and Gilbert.16 This and other
DNA fragments prepared similarly were nick-translated17 in 30 "1, using
a-32P-dCTP (600 Ci/mmole) from New England Nuclear, DNase I from Sigma, and
E. coli DNA polymerase I from New England Biolabs. The nick-translation was
stopped by adding EDTA to 10 mM, NaCl to 100 mM, NaDodSO4 to 0.1%, and pro-
tease K (E. Merk) to 100 wg/ml, and incubating at 600 for 1 hr. The DNA was
then extracted with phenol-chloroform twice and passed over a 1 ml Sephadex
G50 Penefsky18 column equilibrated with 10 mM Tris-HCl (pH 7.4), 1 mM EDTA.
Specific activities were normally 1-5 ' 108 cpm/ig.
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RESULTS
Isolation and Characterization of a.-like Globin Gene Clones. We have

screened a chicken genomic x library for recombinants containing a-like globin
DNA, using as a probe the adult 8-globin segment of the cDNA plasmid pHb 1001.
This x library was originally prepared by Souza et al7 from size fractionated
(16-22 kbp) partially Eco RI digested chicken DNA. From a screen of 300,000
plaques, 16 separate recombinant bacteriophage were isolated which hybridized
to our 0-globin probe. When the DNA from these recombinants was digested with
Eco RI and the digestion products run on 1% agarose gels, it was apparent that
the recombinants fell into six classes (data not shown). As a first step in
characterizing the recombinant clones, we prepared a detailed restriction map
for a member of each class, using the restriction enzymes Hind III, Eco RI,
and Bam HI (see Materials and Methods for details). Restriction fragments
from the various recombinant phage were sized on agarose gels (e.g., Fig. 1A),
and Southern blots of these gels were probed with labeled a-globin DNA to
localize the S-like globin structural sequences (e.g., Fig. 1B). Figure 2
summarizes the restriction map and globin gene localization data that were
obtained.

In comparing our globin mapping data (Fig. 2) with that found by other
workers,5,6 we were surprised to find that the number of different globin con-

taining restriction fragments was larger than expected and was, thus, in
apparent conflict with the previous results. Either genetic polymorphism19'20
or recombination during phage propagation ,21-24 could account for the discrep-
ancies between our data and the other studies. To test whether some type of
genetic polymorphism was responsible for our results, the particular DNA
(21710 myeloblast DNA) which was used to prepare the chicken recombinant
library was obtained from Larry Souza, digested with Eco RI, run on an agarose
gel, blotted onto nitrocellulose paper, and hybridized to the labeled a-globin
probe (see lane 3 in Fig. 3A). For comparison, a mixture of DNAs from 20
separate chickens was Eco RI digested and run in lane 1 of Figure 3A. As
further controls, identical samples of the Eco RI digested 21710 myeloblast
DNA were coelectrophoresed with minute amounts of admixed Eco RI cut XCBGv6
(lane 2) or XCBGv4 DNA (lane 4). The results from Figure 3A
show that the 13.3 kbp globin Eco RI fragment characteristic of XCBGv6 and the
1.9 kbp globin Eco RI fragment characteristic of xCBGv4 appear only in those
lanes (2 and 4 respectively) containing the admixed cloned DNAs
and not in lanes 1 and 3 which contain chicken genomic DNA alone. In other
genomic blots (Fig. 3B), Bam HI digestion of 21710 myeloblast DNA generated
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Figure 1. Agarose gel and blot hybridization analysis of recombinant phage
DNA.7A) DNA from each clone was digested with restriction enzymes Eco RI
and Hind III, electrophoresed on a 1% agarose gel, stained with ethidium
bromide, and then visualized with short wavelength UV light. The far left
marker contains a mixture of Eco RI restricted X wild type and Hae III
restricted M13 mp2 replicative form DNAs. (B) The DNA from the gel was
blotted onto nitrocellulose filter paper and hybridized to a nick-translated
DNA fragment from the adult S-globin cDNA plasmid, pHb 1001 (see Materials and
Methods). The filter was washed and exposed to x-ray film with the aid of an
intensifying screen for 16 hours, As we will show, the only globin sequence
in XCBGv3 is from the third exon of the embryonic E-globin gene so cross-
hybridization to the labeled adult probe is weak in lane 3.

the same four a-globin containing fragments as have been reported previously.6
We conclude that genetic polymorphism cannot account for the multiplicity of
globin Eco RI fragment sizes in the cloned DNAs.

In view of the above, the most likely explanation for the appearance of
the aberrant a-globin containing Eco RI bands is recombination during propaga-
tion of the phage in the bacterial host. Discrete deletions during the propa-
gation of recombinant phage are known to occur for mammalian globin, 121 as

well as non-globin22-24 phage recombinants. Considering the extensive homol-
ogy among the coding sequences of the chicken a-like globin genes and their
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Clone Eco RI * Insert No.of Separate
Bam Hl * Size Isolates

4.8 kbp 6.2 kbo HindMm
XCBGvl 6.b 1HxX1.6 kbp I

6.2kbp 7.2 kbp
XCBGv2 ME M 17.1 kbp 3

XCBGv34 7.2 kbp v v 17.1 kbp 3

10.0 kbp ~ 1 .9 kb%ACBGv4t:___lr

XCBGv5IX x13.3 kbp

12.1 kbp

13.3kbp 5

XCBGv6 x x 13.3 kbp x 15.S kbp 3

Figure 2. Restriction maps of the recombinant clones. The locations of the
fragments which hybridize to the adult B-globin probe are indicated by thick
black lines. The size of each Eco RI fragment containing $-Iike globin se-
quences is given above the fragment. The far right lane gives the number of
separate isolates obtained for each clone. Of course, while each different
clone is clearly of independent origin, we cannot exclude that some of the
identical isolates have a conmon origin resulting from library amplification,
The library was amplified once on plates (Larry Souza, personal convnunication).
The second column from the right gives the size of the chicken DNA insert
contained in each recombinant phage.

closely spaced tandem arrangement, one might expect frequent deletions of the
DNA between globin genes. We shall show below that this is, in fact, the case.

Linkage Arrangement of the Four a-like Globin Genes and Characterization
of the Deleted Regions in the Cloned DNA. Figure 2 shows that the chicken DNA
segments in most of the clones are shorter than the 16-22 kbp fragment size
employed in the original cloning.7 The simplest explanation for the inordi-
nate complexity of the Figure 2 mapping data is, therefore, that individual
clones contain different deletions in their chicken DNA inserts. Based on
this assumption, we have been able to link up the six recombinant clones into
an overlapping set (Fig. 4) which contains the complete complement of known
chicken 8-like globin genes and which is consistent with the genomic Southern
data of Figure 3.

To confirm the linkage arrangement and proposed deletions shown in Figure
4, we have conducted a series of cross hybridization experiments. DNA from
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Figure 3. Genomic blots of the DNA used to prepare the chicken library of
recombinant phage. (A) Various chicken DNA samples were restricted with Eco
RI, electrophoresed on a 1% agarose gel, and blotted to nitrocellulose. The
blot was then hybridized to the 466 bp Hpa II adult a-globin DNA fragment
from pHb 1001, washed, and autoradiographed. The DNA samples are (1) 10 -pg
of DNA from 13-day chicken red blood cells which were pooled from 20 chickens,
(2) 10 1ig of 21710 myeloblast DNA (from which the chicken gene library was
prepared) plus 1 pg of XCBGv6, (3) 10 ig of 21710 myeloblast DNA, (4) 10 pg
of 21710 myeloblast DNA plus 1 pg of XCBGv4 DNA. Lanes 2,3,4 and 2',3',4'
are identical except that autoradiographic exposure times were 2 days and
4 days respectively. (B) Southern blot autoradiograph of Bam HI digested
21710 myeloblast DNA.

each clone was digested with two or three restriction endonucleases, electro-

phoresed on an agarose gel, blotted onto nitrocellulose, and hybridized to a
32P-labeled restriction fragment isolated from one of the recombinant clones.
In Figure 5A, a 0.85 kbp Bam HI-Hind III DNA probe from the 5' end of clone

XCBGv4 hybridized to the 0.85 kbp fragments in clones XCBGvl, XCBGv4, XCBGv5,
and XCBGv6, but not to any of the fragments in clones XCBGv2 and XCBGv3, which
do not extend into this region of the map. Thus, Figure 5A confirms the 5'

lineup of the various recombinants.
The map in Figure 4 predicts that clones XCBGv4, XCBGvl, and XCBGv2 should

all contain a 600 bp Eco RI fragment 3' to the putative hatching gene, while
this Eco RI fragment should be absent in clone XCBGv5 or xCBGv6. Figure 5B
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Figure 4. Linkage arrangement of the six overlapping clones containing four
chicken a-like globin genes. The six independent clones have been arranged to
show their overlapping sequences and their deleted regions. The deletion as
shown for XCBGv4 is based on direct mapping data (see Fig. 7). The deletions
in the other clones are drawn similarly for simplicity. The boxes indicate
the approximate positions of the globin coding (black) and large intervening
(white) sequences. These positions and the direction of transcription were
determined partly from the published data of others5'6'33 and partly from our
own unpublished work. The genes were identified as follows, based in part on
the characterization by others of independently isolated genomic clones.5.33
The a gene has been shown to have Hpa II restriction sites matching those of
an adult a cDNA clone.33 We have confirmed this (Fig. 7 and unpublished
results) for Hpa II as well as for Hae III, Hha I, and Hinf I by comparison to
the cDNA sequence of Richards et al.15 The p and £ genes were first shown to
be embryonic by Dodgson et a15 and Stalder et al,6 and we have confirmed this
in experiments which show that in vitro nuclear transcripts from 12-day embry-
onic red blood cells hybridize to a a but not to an £ intron probe (Landes
and Martinson, in preparation). Recently, Dolan et a130 have positively iden-
tified these genes by partial sequence analysis. The 5%11H gene in our map has
been reported to be adult-like,6 and we have confirmed this in experiments
which show that in vitro nuclear transcripts from 12-day embryonic red blood
cell nuclei hybridize better than transcripts from 5-day nuclei to the Bam HI
restriction fragments containing this and the 8 gene (unpublished results).
However, our Hpa II, Hae III, Hha I and Hinf I restriction maps (unpublished)
show that the gene designated 5"V' in our map, unlike the 5 gene, does not
match the cDNA sequence for a globin.'5 By elimination, we conclude that
5"H"in our map is most probably the gene for the B-like chain of "hatching
hemoglobin. 134-36

demonstrates that the 600 bp Eco RI fragment isolated from clone XCBGvl hybrid-
izes to a 600 bp Eco RI fragment in clones XCBGvl, XCBGv2, and XCBGv4, but

does not hybridize to any restriction fragment in clone xCBGv6. Thus, the
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Figure 5. Hybridization data demonstrating sequence overlap among the various
clonTes,(A) DNA from each of the six clones was digested with Eco RI, Hind
III, and Bam HI and fractionated on a 1% agarose gel. The Southern blot of
this gel was hybridized to a labeled 850 bp Bam HI-Hind III fragment from the
5' end of the chicken insert of clone xCBGv4 and autoradiographed. (B) DNA
from clones XCBGvl, XCBGv2, XCBGv4, and XCBGv6 was electrophoresed on a 1%
agarose gel. The blot of the gel was hybridized to the labeled 600 bp a"H _-
intergenic Eco RI fragment from clone XCBGvl and autoradiographed.

results from Figure SB are consistent with the prediction from the linkage
map.

To confirm further the map in Figure 4, an additional cross-hybridization
was carried out using an intron probe from the C gene. DNA from clones XCBGvl,
XCBGv2, XCBGv4, and XCBGv5 was digested to completion with Eco RI, Hind III,
and Bam HI and then digested further, but only partially, with Hinf I. The
restricted DNA was fractionated on an agarose gel and then electrophoretically
transferred to DPT paper. As probe, a 280 bp Hae III-Eco RI restriction
fragment representing the 5' third of the C gene major intron was used. When
hybridized to the DPT paper, this probe will label only restriction fragments
whose 3'termini are the Eco RI site of the C intron. Figure 6A shows the
ordered ladder of partial Hinf I fragments which is detected. The sizes of
the fragments reflect the distances of individual Hinf I sites to the left of
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Figure 6. Characterization of the deletion in clone XCBGv4. (A) DNA from
each of clones XCBGvl, XCBGv2, XCBGv4, and XCBGv5 was digested with Eco RI,
Hind III, and Bam HI and ethanol precipitated. DNA from each clone was then
resuspended in Hinf I digestion buffer, partially digested with Hinf I,
fractionated on a 1.4% agarose gel, and electrophoretically transferred to
APT paper. The transfer was hybridized to a nick-translated Hae III-Eco RI
fragment corresponding to the 5' third of the £ intron. This fragment was
obtained from a pBR322 subclone of a Hae III fragment originally obtained
from XCBGv2. That the 1.0 kbp fragment of clone 4 does indeed migrate slightly
ahead of the 1.1 kbp fragments of the other clones was confirmed in a shorter
exposure of the autoradiogram. (B) The 2.1 kbp Bam HI-Hind III fragment from
the 5' end of the insert in clone xCBGv2 (left lane) and the 1.9 kbp Eco RI
fragment from the 3' end of the insert in clone XCBGv4 (right lane) were
isolated from agarose gels, digested to the limit with Hpa II, and fraction-
ated on a 6% polyacrylamide gel. The base pair sizes of the resulting frag-
ments are shown in the margin. (See Fig. 7).

the Eco RI site in the s intron. Two principal conclusions can be drawn from
Figure 6A. First, it can be seen that the DNA from all four clones hybridizes
to the e gene intron probe. Thus, each of the four clones contains at least
a portion of the C intron. Second, it can be seen that the hybridization pat-
terns for clones XCBGvl, XCBGv2, and XCBGv5 are similar; whereas that for
xCBGv4 differs, reflecting its 4.1 kbp deletion (see below).

The only X isolate containing an apparently accurate copy of the genomic
a gene is XCBGv4. In order to confirm that the 4.1 kbp deletion in this
clone does not fall within the n gene or its flanking regions, we have iso-
lated the 1.9 kbp Eco RI fragment of this clone and prepared a map of the Hae
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III, Hha I, Hinf I, and Hpa II restriction sites (Figs. 6 and 7). Comparison
of this restriction map with that of appropriate segments from clone XCBGv2
indicates that the end of the deletion in clone xCBGv4 maps within about 70
bp of the 3' end of the middle a exon (Fiq. 7). Consistent with this restric-
tion analysis we regularly observe (e.g. Fig.l) that the adult a probe, pHb
1001, hybridizes better to the 1.9 kbp Eco RI fragment from clone XCBGv4
than it does to the embryonic p gene-containing fragment from the same clone.
Conversely, the hybridization data of Figure 6A show that the 3' end of this
same 1.9 kbp fragment of XCBGv4 is homologous to the large intron of the £
gene. Therefore, the 1.9 kbp fragment contains both adult and embryonic
sequences and we conclude that the 4.1 kbp deletion of clone XCBGv4 results
from cross-over between the 6 and £ globin genes within their middle exons

-i'.,and does not involve a perturbation of the S gene or its flanking
sequences.

Localization of Repetitive Sequences. Repetitive sequences have been
found to be interspersed with unique genes in a number of species.25-28 To

determine which regions within the chicken 8-like globin gene cluster con-

tain repetitive sequences, we have 32P-labeled total chicken red blood cell
DNA and hybridized this to our cloned DNA under conditions (i.e., normal
Southern hybridization conaitions) which allow only abundant sequences to
anneal. Recombinant phage \CBGv2, XCBGv3, and XCBGv4 were digested with two
or three restriction enzymes, fractionated on an agarose gel, and transferred
to OPT paper. The transfer was then hybridized to the labeled total chicken
DNA, washed, and autoradiographed. Figure 8 demonstrates that the following
regions contain repetitive DNA: (a) the 4.4 kbp Hind III fragment, containing
the p gene, and the intergenic 2.3 kbp Hind III-Bam HI fragment from between

"H"lthe p and a genes; (b) the 2.4 kbp Eco RI-Hind III and the 3.3 kbp Hind III
fragments on the 3' flanking side of the e gene; and (c) the 3.1 kbp Hind III-
Bam HI fragment located at the extreme 3' end of the map in Figure 4. This
assay would not detect repetitive elements of low repetition frequency.29

DISCUSSION
We have characterized six overlapping recombitiant clones which represent

about 35 kbp of DNA containing the entire a-like globin gene region of chick-
en. The four a-like globin genes which we report here account for all restric-
tion fragments which have been detected in genomic Southern blots probed with
the adult a-globin cDNA clone, pHb 1001. Unless other highly divergent and
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Figure 8, Hybridization Qf repetitive DNA. Clones ACBGv2 and XCBGv4 were
digested with Eco RI, Bamn HI, and Hind III. Clone 4CBGv3 was digested with
Bam HI and Hind III. After fractionation on a 1% agarose gel, the fragments
were transferred to APT paper and hybridized to 3 x 108 cpm of nick-trans-
lated 13-day embryonic red blood cell DNA (3 x 108 cpm/1g) in 5 ml of hybrid-
ization buffer. The transfer was washed and then autoradiographed for 5.5
hours.

as yet uncharacterized a-like globins exist, our cloned DNA sequences include
the entire chicken 1-like globin gene cluster.

Given the linkage map in Figure 4, it is possible to compare the average
separation between the 8-like genes of chickens to that found in marrmnals.14
The mouse a-like globin gene cluster contains 7 genes and pseudogenes in >47
kbp with the average intergenic distance being 6.3 kbp. The rabbit 8-like
globin gene cluster contains four genes in 25.5 kbp with an average inter-
genic distance of 6.6 kbp. The human 8-like globin gene cluster is the lar-
gest (53 kbp), containing 5 genes and 2 pseudogenes and, in this case, the
average intergenic distance (including the distances between pseudogenes) is
6.9 kbp. In contrast, the chicken 8-like globin gene cluster which contains
four genes in 14 kbp, has an average intergenic separation of only 2.8 kbp.
Thus, the chicken 8-like globin genes have much less intergenic

flanking sequences than do those of the human, rabbit, or mouse. Therefore,
the chicken 8-like globin gene region may be pArticularly useful for investi-
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gating the roles of intergenic DNA (including repetitive sequences) in the
developmental regulation of the s-like globin genes.

Previous workers have isolated X clones containing three of the chicken
s-like globin genes.5'6 However, a portion of the H -globin gene and its
3' flanking region appear to be missing from the Dodgson-Engel library.6930
All 10 of ourphage isolates spanning this region contain deletions, most often

"Hi"(8 out of 10) between a and S. In contrast, among the six isolates not
spanning this region, all of the recombinant phage were undeleted and stable
during further passage. Why is this region so consistently associated with
deletion artifacts? It is unlikely that length constraints introduced by the
use of an Eco RI partial digest for library construction are responsible in
some way for the deletions we observe. Figure 4 shows that both deleted

(XCBGvl,4,5,6) and undeleted (XCBGv2,3) clones originated during construction

of the library by insertion of genomic Eco RI fragments of similar size
(16.7-18.3 kbp for the deleted clones; 17.0-17.2 kbp for the undeleted
clones). Moreover the Dodgson-Engel library which has lost the most deletion-
prone region (see above) was not constructed by the partial Eco RI method.
Nor is it likely that the deletions which we have found have arisen because
the regions are highly deleterious to growth in E. coli. Each of the regions,
which are deleted ir, some phage, are recovered intact and remain stable
during passage in other recombinants. We believe the high tendency to delete
between " and S most likely reflects a high degree of homology between the
coding regions of these genes.30 Their close proximity in the genome prob-
ably leads to high frequency intramolecular recombination and consequent deletion
in X. The apparently high pressure towards deletion argues against an inter-
molecular mechanism which should produce duplications as well as deletions.31

"H"lIf the a -s region is so hyper-deletable, how is it that we have, in
fact, recovered it at all in two instances (XCBGvl and XCBGv4)? A pertinent

observation is that both of these clones have flanking deletions in the

chicken DNA. Presumably there is a tendency, albeit somewhat less, of the

p_S n and the S-s regions also to undergo deletion. If such an event occurs.
"H"lin X prior to the a -a deletion, as apparently it did in both XCBGvl and

XCBGv4, further deletion of the a -a region would render the already short-

ened phage DNA even shorter. The resulting doubly deleted molecules would be

too short to be packaged efficiently and, therefore, would not be recovered

as phage.31,32 Consistent with this explanation is the observation that
XCBGv4 can be passaged stably but is recovered in several fold lower yield

than XCBGv2, 3, 5, or 6.
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The above findings suggest that for recovery of certain types of DNA in
X, in vitro packaging may preferably be carried out using somewhat smaller
fragments of foreign DNA (e.g., 12-15 kbp).

The isolation of XCBGv4 is fortunate because it is the only clone con-
"H",taining the a intron and 3' flanking DNA. The availability of these re-

gions in cloned form is essential for studies directed at a complete descrip-
tion of the developmental regulation of transcription of the chicken a-like
globin gene cluster. Our restriction mapping places the deletion within the

"H"ea gene of XCBGv4. Therefore, we can be confident that the 8 gene and all

8 -8 intergenic UNA is normal in this clone and reflects the true genomic
arrangement.
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