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ABSTRACT A human cosmid library was constructed
and probed with a human a interferon (IFN-a) cDNA clone.
One clone giving a strong hybridizing signal was isolated and
characterized. The cosmid DNA insert represents a section of
the human genome containing three regions of IFN-a-like se-
quences. The DNA was characterized with restriction endonu-
clease mapping, thereby allowing comparison to similar link-
age groups reported recently and determination of homolo-
gous regions on the known physical map. The three IFN-a-like
sequences were analyzed by a partial sequence analysis. Map-
ping and sequence data establish this section as a not-yet-de-
scribed cluster of IFN-a sequences in the human genome; how-
ever, a part of the section matches to some degree to a previ-
ously described genomic region. The region described here
could represent genetic polymorphism or a duplicated seg-
ment.

Interferons (IFN) comprise a group of proteins defined by
their antiviral activity. Classically, they are categorized into
three groups by serological criteria: IFN-a, 1B, and y (1). Re-
cent information on the amino acid and nucleotide sequences
implies that IFN-a and IFN-P have a similar genetic struc-
ture without introns and with a homology of 45% at the nu-
cleotide level (2), while IFN-y has an intron-exon structure
and shows only remote similarities with IFN-a.

In humans, the IFN-a genes represent a multigene family.
At least eight different mRNA species have been identified
from a single myeloid cell line studied as cDNA copies (3).
Of 14 distinct genes or gene-like sequences of IFN-a type
that occur in the library constructed by Maniatis, 5 of them
seem to be pseudogenes (4). A more detailed study on a
chromosomal section isolated from the same gene library has
given suggestive evidence for IFN-a gene evolution via a rel-
atively recent duplication of a 4000-base-pair segment (5).
Some of the biological functions have been demonstrated to
differ for some of the IFN-a gene products (6).
The aim of the present study was to isolate clusters of

closely linked genes in order to extend the mapping and cata-
loguing of the human IFN-a genes. A genomic library was
used from another individual than that previously studied.
Furthermore, advantage was taken of another vehicle, the
cosmid cloning system. This makes it possible to clone larger
DNA fragments than in the phage cloning system, increasing
the probability of isolating entire regions carrying clustered
genes. As the cosmid vector used also permits transfection
to eukaryotic cells (7), it provides an opportunity to study
further the impact of the genomic surroundings on induced
expression.

MATERIALS AND METHODS

The principle for the construction of the human genomic cos-
mid library has been described (7). As a host for cosmid
propagation, the Escherichia coli K-12 strain HB 101 (8) was
used.

Isolation of the Cosmid Hybrid Carrying IFN-a Genes. In
vivo packaged cosmids were transduced into HB 101. The
bank consisted of 5 x 105 clones, maintained on 12 nitrocel-
lulose filters (Schleicher & Schifll, BA 85; diameter, 130
mm). Replica filters were screened by colony hybridization
with a 32P-labeled IFN-a cDNA (unpublished work) as a
probe. A colony area giving a strong positive signal was di-
luted and, by repicking, a single colony was isolated.

Restriction Enzyme Digestion, DNA Ligation, Polynucleo-
tide Kinase Treatment, and Agarose Gel Electrophoresis. The
conditions for using restriction endonucleases, polynucleo-
tide kinase, and T4 DNA ligase were those suggested by the
manufacturer. Digested DNA was loaded on 0.5% (wt/vol)
horizontal agarose gels in 20 mM sodium acetate/2 mM
EDTA/33 mM Tris HCl, pH 7.8, and subjected to electro-
phoresis at 50 V for 16 hr.

Blotting and Hybridization Procedures. Colony hybridiza-
tion was performed as described (9). Southern blotting anal-
yses were as published (10) with the following modifications.
DNA was transferred to GeneScreen filters by electrophore-
sis as described by the manufacturer (New England Nucle-
ar).

Filters were hybridized under selected conditions as de-
scribed by Moseley et al. (11). IFN-a cDNA was nick-trans-
lated with [a-32P]dGTP to a level of 1 x 108 cpm/,ug (9). The
plaque hybridization procedure was as described by Benton
and Davies (12) with a synthetic oligonucleotide probe radio-
labeled at the 5' end with [y-32P]ATP by using polynucleo-
tide kinase (13). The hybridization conditions were applied
as described by Wallace et al. (14).

Synthesis of the Oligodeoxyribonucleotide. The oligodeoxy-
nucleotide used as probe and primer was synthesized by the
solid-phase phosphite method (15) and was supplied by Ka-
biGen AB (Stockholm, Sweden).

Nucleotide Sequence Determination. Fragments were
cloned into the phage M13 mp8 and mp9 (16). Single-strand-
ed template DNA was isolated from the phage as de-
scribed by Messing et al. (17). The DNA sequences were
determined by the dideoxy method of Sanger et al. (18) with
the above-mentioned oligonucleotide as a primer (see Re-
sults). The M13 universal primer, used to determine the ori-
entation of the insert, was purchased from New England
BioLabs.

Abbreviations: IFN, interferon; kb, kilobase(s).
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FIG. 1. Restriction enzyme analysis of cosmid DNA insert. The
left-hand columns of each digestion show restriction patterns ob-
tained after digesting the cosmid DNA with the enzymes HindIII,
EcoRI and BgI II, respectively, and fractionating the fragments on
agarose gels. The right-hand columns of each digestion show which
of the fragments hybridized to the IFN-a cDNA probe, used after
blotting to a nitrocellulose paper.
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RESULTS
Identification of a Chromosomal Section Encoding at Least

Two IFN-a Sequences. Human placental DNA was isolated,
partially digested with the endonuclease Taq I, and ligated in
the Cla I site of the cosmid vector pHC79-2cos/tk as recent-
ly described for the construction of a library from murine
liver DNA (7). The procedure for screening the library and
selecting positive colonies is described in Materials and
Methods. One colony hybridized to the probe with a stron-
ger signal than the others. The colony was purified by replat-
ing and reprobing at low colony density.
The plasmid DNA of this candidate was digested with the

restriction endonucleases Bgl II, EcoRI, and HindIII and
was analyzed on Southern blots (10) with the same IFN-a
cDNA probe, showing four bands for digestion with Bgl II,
three bands with EcoRI, and three bands with HindIII (Fig.
1). This indicated that the identified chromosomal section
might carry several regions homologous to IFN-a genes.

Preliminary Restriction Analysis and Subcloning of the Cos-
mid DNA. In order to simplify our further characterization,
several endonucleases recognizing six-nucleotide sequences
were tested on the cosmid DNA. BamHI, Sal I and Sph I all
cut the chromosomal insert once. Hpa I cut at three sites in
the insert, whereas Pvu I cut only in the cos vector. By ana-
lyzing single and double digests of those enzymes, it was
possible to establish a restriction map (Fig. 2). The size of
the chromosomal insert was calculated to be about 29 kb,
based on the individual sizes of the fragments obtained from
the electrophoretic analysis (19).
The single BamHI site mapping in the center of the chro-

mosomal insert was used to subclone the cosmid. The prod-

FIG. 3. Analysis of subclone 23 by Southern blot. DNA of sub-
clone 23 was linearized with the endonuclease Pvu I and then sub-
jected to limited digestion with the indicated enzymes in different
concentrations. The resulting fragments were fractionated on an
agarose gel and transferred to a nitrocellulose filter. The fragments
were hybridized to a terminal probe as described in the text. The
size distribution of the different fragments allowed the positioning of
the restriction sites relative to the Pvu I site including their relative
distances. U, units of enzyme. The left-most lane is radiolabeled
HindIII fragments of phage X used as size markers.

ucts of a complete digest with BamHI were religated under
conditions favoring intramolecular ligation, giving rise to a
chimeric plasmid derived from a BamHI fragment, which
cames a part of the chromosomal insert and a part of the
vector including the pBR322 replicon. This insert was desig-
nated 49 in Fig. 2.

Subsequently, the cosmid was completely digested with
BamHI and Pvu I and ligated in pBR322 at the unique
BamHI site. The chimeric plasmid obtained carried the other
half of the chromosomal insert (designated 23 in Fig. 2).

Fine Mapping of the Cosmid with the Endonucleases Bgl II,
EcoRI, and HindIII. In order to compare the DNA section to
human chromosomal regions carrying IFN-a genes (4, 5, 20),
we decided to establish restriction maps of the cosmid DNA,
using the endonucleases Bgi II, EcoRI and HindIII because
they have been used in previous publications (4, 5, 20).
A modified procedure according to Smith and Birnstiel

was applied (21). The subclones (Fig. 2) were linearized by
using the unique Pvu I site that maps in the vector. Aliquots
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FIG. 2. Restriction map of the cosmid DNA insert. The following endonucleases were used: BamHI, Hpa I, Pvu I, Sal I, and Sph I. The
positions of the recognition sites for the same enzymes are indicated in the cos vector part (hatched box), see also Lindenmaier et al. (7). The
terminal BamHI sites are identical in the circular form of the molecule. The subclones 49 and 23 are indicated underneath the map; subcloning
was done as described in the text.
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FIG. 4. Assignment of IFN-a homologous regions to the restriction map of the cosmid DNA insert. The hatched boxes indicate the regions
binding to the IFN-a cDNA probe. IFN-a 0 maps on the far left, IFN-a N on the far right, while IFN-a T is positioned in the middle. The
potential transcriptional direction for all three genes is from right to left.

were exposed to limited digestion with these endonucleases.
Two probes were prepared by digesting pBR322 (22) either
with EcoRI and Pvu I or with Cla I and BamHI. The respec-
tive smaller fragments were isolated and nick-translated.
The EcoRI-Pvu I fragment was used to probe the partial di-
gests of both subclones from one end.

In addition, the entire cosmid was digested with BamHI
and probed from the other end with the Cla I-BamHI frag-
ment. As an example, Fig. 3 shows the result obtained for
subclone 23, which allows one to read the order of the re-
striction sites relative to the unique Pvu I site.
The evaluation of the experiments revealed the complete

order of the restriction sites for all three endonucleases. A
complete digest of the subclones with the same enzymes as
well as those previously used (Fig. 2) in single and double
combinations confirmed the number and sizes of the result-
ing fragments. The final map is shown in Fig. 4.

Localization of the Regions Hybridizing to the IFN-a cDNA.
The cosmid and its subclones 23 and 49 were digested with
the same enzymes used above for restriction mapping (Figs.
1 and 4). Southern blots were prepared and probed with the
IFN-a cDNA. Probing the EcoRI and HindIII fragments
from subclone 49 revealed for both sets of fragments a

unique band (Fig. 5). The sizes of these fragments [2.1 kilo-
bases (kb) for the EcoRI fragment and 5.7 kb for the HindIll
fragment] showed them to be between EcoRI sites 2 and 3
and HindIII sites 1 and 2, respectively (Fig. 4). This is con-
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FIG. 5. Identification of restriction fragments of subclones 23
and 49. Subclone 49 (Left) was digested with the endonucleases
HindIll (lane a), EcoRI (lane b), and HindIII/Hpa I (lane c). Sub-
clone 23 (Right) was digested with EcoRI (lane a), EcoRI/BamHI
(lane b), and EcoRI/HindIII (lane c). Southern blot analysis was

performed with the IFN-a cDNA as a probe, and radiolabeled HindIII
fragments of phage X DNA were used as size markers (lanes X).

firmed by the fact that a HindIII/Hpa I double digest re-
vealed hybridization of a 3.2-kb fragment. The results al-
lowed the localization of the IFN-a region within 1.8 kb at
the indicated position (Fig. 4).

Probing the EcoRI fragments from subclone 23 revealed a
small fragment of about 2 kb and a large fragment of about 6
kb. The size of the small fragment indicated that it lay either
between EcoRI sites 5 and 6 or 8 and 9 (Fig. 4). The large
fragment corresponded either to that between EcoRI sites 6
and 7 or to the hybrid fragment beginning at the EcoRI site
9-i.e., extending into the vector (Fig. 4).

Reprobing the fragments after digesting the subclone 23
with EcoRI and BamHI allowed us to assign to the latter
location a region homologous to IFN-a. Finally, probing the
fragments obtained by cleaving the subclone with EcoRI and
HindIII made it possible to locate the other region of homol-
ogy between EcoRI site 5 and HindIII site 5. The same ex-
periment refines the position of the homologous region men-
tioned above between EcoRI site 9 and HindIII site 10.
The data were independently confirmed by repeating ex-

periments with the entire cosmid DNA. Only the central ho-
mologous region carries a Bgl II site, which explains why
four fragments were detected when the Bgl II fragments
were probed (Fig. 1).

Partial Sequence Analysis of IFN-a Regions. The identifica-
tion of three regions on the insert binding the cDNA probe
established a sequence homology to IFN-a, although the na-
ture of the homology was not known. Therefore, we deter-
mined the sequence of a diagnostic stretch of nucleotides. As
the regions of homology are limited to three EcoRI-HindIII
fragments along the cosmid (Fig. 4), we decided to reclone
these fragments into the corresponding restriction sites of
the cloning vehicles M13 mp9 and mp8 (16), designed for
sequence analysis as described by Sanger et al. (18).
The desired recombinant phages were identified by plaque

hybridization to a synthetic oligonucleotide probe. This oli-
gonucleotide (5' C-A-A-C-C-T-C-C-C-A-G-G-C-A-C 3') was
designed to complement 15 nucleotides found to be a con-

served region (positions 486-500 in ref. 3) of the majority of
the IFN-a sequences characterized so far.
Twelve phages were isolated. Their inserts were screened

with dideoxythymidine reactions as described by Sanger et
al., using the 15-mer as a primer. The DNA sequence ob-
tained fell into three different classes, and one representa-
tive of each class was further analyzed by sequence determi-
nation. The sequence from one strand was obtained by using
the synthetic 15-mer as a primer and elongating it by approx-

imately 200 nucleotides.
The result (Fig. 6) demonstrates that, although the nucleo-

tide sequences were very similar to segments published pre-

viously (3, 5, 20), in some positions amino acids occurred
that have not been described previously in published IFN-a
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280

CTC TTC AGC ACA GAG

300

AAC TCA TCT MCT GCT TG GAT GAG ACC CTC
GAC TCA TCT GCT GCT TGG GAA CAG AGC CTC

GCT CT TiT GAT (AG ACC CTC

320

N CTA GM AAA TTC
T CTA GAA MA TTT
0 CTA GAC MA TTC

380

N GAG GAG GTT GGG

CAG GAG GTT GGG
0 CAG GAG GTT GGG

440

N AM TAC TTC CM
T AAA TAC TTc CAA
0 AM TAC TTT CM

340

TAC ATT GM CTT TTC CAG
TCC ACT GAA CTT TAC CAG
TAC ATT GAA CTT TTC CAG

400

GTG GAA GAG ACT CCC CTG
ATG GM GAG ACT CCC CTG
GTG GAA GAG ATT GCC CTG

460

AGA ATC ACT CTT TAT CTG ATG
AGA ATC ACT CTT TAT CTA ACA
AGA ATC ACT CTT TAT CTG ATG

360

CM ATG AAT GAC CTG GAA GCC AGT GTG ATA
CAA CTG AAT AAC CTG GAA 7CA v GYG ATA
CAA CTG AAT GAC CTA GAA GCC TGT GTG ACA

420

ATG AAT GAG GAC TCC ATC CTA GCT GTG AS.
ATG AAT GAG GAC TCC ATC CTG GCT GTG AGG
ATG AAT GAG GAC TCC ATC CTG GCT GTG AGr.

480

AGA AAG MA TAC AGC
Wi AAG AM TAC MC CC

FIG. 6. Partial sequence of IFN-a gene-like sequences 0, T, and N. The indicated positions start from the predicted translational start as

proposed by Goeddel et al. (3), and the underlined codons represent predicted amino acids not previously demonstrated to occur in IFN-a (refs.
3 and 20).

gene sequences. These are underlined in Fig. 6. Thus, N has
two and 0 has three such codons. Comparing them with pre-

viously described cDNA sequences revealed the following
differences. The N and 0 sequences had the highest degree
of similarity to IFN-a H (3), but differed in two and seven

amino acid residues, respectively. Sequence of IFN-a gene

T was to some extent similar to IFN-a C (3), differing in five
amino acid residues. However, comparing them to recently
characterized chromosomal IFN genes showed that T se-

quence is almost identical to the genomic sequence of phage
X 2cl (20), with only one nucleotide difference changing ala-
nine into a serine in position 98. The N sequence differs from
the IFN-a-like sequence X 2h (20) only with respect to two
amino acids.

In order to determine the orientation of the three genes,
the M13 universal primer was utilized to prime a second
strand DNA synthesis reaction. This allowed us to reidentify
all three genes as subclones of M13 mp9. As all the sub-
clones hybridized to the strand-specific 15-mer, it was possi-
ble to predict the transcriptional direction for all three IFN-a
genes relative to the vector part (Fig. 4). Determination of
the sizes of the EcoRI-HindIII inserts in the M13 subclones
and identification of an internal BgI II site in one of them
(Fig. 2) made it possible to assign them to the three regions
mapping on the cosmid clone as outlined in Fig. 4.

DISCUSSION

The present paper introduces a further section of the human
genome carrying three IFN-a gene-like sequences. The iden-
tified region differs from those described previously (4, 5,
20) when the following three criteria are simultaneously tak-
en into account: (i) the partial sequences established for the
three potential coding regions; (ii) the intergenic distances,
and (iii) the pattern of the restriction sites.
The three IFN-a sequences revealed in the chromosomal

DNA cosmid insert followed the same pattern of relatedness
as the other members of the IFN-a genes analyzed by se-

quence so far (3), with a homology of 85-95% at the nucleo-
tide level. Comparing the amino acid sequence predicted
from the 200-bp nucleotide sequences of IFN-a T, N, and 0,

the following relationships were found: IFN-a T is most sim-
ilar to IFN-a C (3) and phage X 2cl (20), while IFN-a N and
IFN-a 0 are most similar to IFN-a H and X 2h.
When one compares IFN-a H with IFN-a N, a change is

seen of a cysteine to a serine, which could have structural
impact. However, until the complete sequences are known,
these differences are only minimal estimates, and the possi-
bility that the three sequences represent pseudogenes cannot
be ruled out.
The regions homologous to IFN-a can be limited within

three restriction fragments -2 kb long, each bounded by an

EcoRI and HindIII site. IFN-a genes have an average size of
about 1 kb. Assuming that the three IFN-a-like sequences

represent genuine IFN-a genes or pseudogenes allows us to
map the putative genes on the cosmid DNA with a maximum
error of 1 kb. The average distances between the three genes

are about 10 kb. Comparison of the intergenic distances with
those found for other linkage groups carrying three IFN-a
genes (4, 5, 20) reveals that this chromosomal section has not
been identified before. However, the genomic region de-
scribed by Lawn et al. (20), carrying two IFN-a genes, has
an intergenic distance in the same range, and the partial se-

quences of N and T showed striking similarities with those
presented by these authors. The restriction map established
for EcoRI might be identical to that we found between N and
T, but differs outside this region. On the other hand, only a

fraction of the HindIIl sites might be identical concerning
both number and distances between them.
Thus, the identified region appears to represent a previ-

ously unreported and independent linkage group of IFN-a
gene-like sequences. Our data do not allow positioning of
this section of the genome relative to other IFN-a gene-car-
rying regions, nor to the IFN-,3 gene-carrying region.
The literature contains descriptions of up to 20 different

IFN-a genes or pseudogenes when data from cDNA and ge-
nomic sequences are taken into account. Still more variants
have been demonstrated on the protein level by partial ami-
no sequence data (23). Gene duplication with subsequent
amino acid shift and allelic variation are the two main mech-
anisms considered to explain such diversity. Although the
reported cluster is different from previously described re-

gions, it shows similarities with one previously described re-

gion (20). We cannot from our data judge if the differences
found in the restriction map and in the partially determined
gene-like sequences could represent allelic variation-i.e.,
genetic polymorphism. This possibility can only be resolved
by conventional genetic approaches for studies on gene seg-
regation.
But it should also be kept in mind that the region described
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here could as well be due to a recent duplication of the seg-
ment described by Lawn et al. (20). Then the homologies are
of the same character as those demonstrated by Ullrich et al.
(5).

It is not known how complete the different genomic librar-
ies are, but the demonstration of new clusters of IFN-a gene
sequences and also new variants of IFN-a nucleotide se-
quences makes it reasonable to assume that still more vari-
ants will be found. The evolvement of such a complexity of
the IFN-a gene family in humans seems to be a rather recent
event (24). As differences in biological properties are known
to occur for the different subtypes (6), at least some of the
variation on the nucleotide level is not neutral and could be
the target for selective forces in evolution. This suggestion
raises interesting questions about a similar heterogeneity on
the IFN receptor level and points to the importance of ex-
pressing the different IFN-a genes for studies of the biologi-
cal properties of the different subtypes.
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