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Summary

A pronounced genetic polymorphism of the interferon
type I gene family has been assumed on the basis of
RFLP analysis of the genomic region as well as the large
number of sequences published compared to the number
of loci. However, IFNA2 is the only locus that has been
carefully analyzed concerning gene frequency, and only
naturally occurring rare alleles have been found. We
have extended the studies on a variation of expressed
sequences by studying the IFNAI, IFNA2, IFNAl0,
IFNA13, IFNA14, and IFNA17 genes. Genomic white-
blood-cell DNA from a population sample of blood do-
nors and from a family material were screened by single-
nucleotide primer extension (allele-specific primer exten-
sion) of PCR fragments. Because of sequence similari-
ties, in some cases "nested" PCR was used, and, when
applicable, restriction analysis or control sequencing
was performed. All individuals carried the interferon-a
1 and interferon-a 13 variants but not the LeIF D vari-
ant. At the IFNA2 and IFNA14 loci only one sequence
variant was found, while in the IFNA10 and IFNA17
groups two alleles were detected in each group. The
IFNAI0 and IFNA17 alleles segregated in families and
showed a close fit to the Hardy-Weinberg equilibrium.
There was a significant linkage disequilibrium between
IFNAO and IFNA17 alleles. The fact that the extent of
genetic polymorphism was lower than expected suggests
that a majority of the previously described gene se-
quences represent nonpolymorphic rare mutants that
may have arisen in tumor cell lines.

Introduction

Interferon-a (IFN-a) produced in various types of cells
represents a family of proteins with pleiotropic biologi-
cal functions, including antiviral, antiproliferative, and
immunomodulatory abilities (Lengyel 1982; Pestka et
al. 1987; Landolfo et al. 1995). Recently, a physical
map of the type I interferon gene cluster was constructed
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disclosing 26 IFN genes, of which several are pseu-
dogenes clustered in a 400-kb region on chromosome
9p (Diaz et al. 1994b). Within the cluster, the single
IFN-P gene was found to be located at the most telo-
meric position, while at least 14 different true IFN-a
genes were scattered in the region together with some
pseudogenes. The biological significance for the exis-
tence of the multiple IFN-a genes is not understood. It
could be because of the evolutionary accidents of neutral
biological significance or to the development of specific
functions for each subtype of the IFN-a genes. It has
already been shown that several subtypes differ in antivi-
ral activity (Weck et al. 1981) or in binding activity, as
in the case of Hu-IFN-aA and Hu-IFN-aB2 (Cleary et
al. 1994).
A considerable genetic polymorphism has been as-

sumed to exist among the IFN-a genes. RFLP analysis
has revealed polymorphism and a high degree of hetero-
zygosity (Ohlsson et al. 1985). Furthermore, in the latest
accepted nomenclature of interferon genes, at least 51
IFN-a sequence variants were listed that were isolated
from genomic DNA or from cDNA libraries often de-
rived from tumor cell lines (Diaz et al. 1994a). Conven-
tionally, the variants that have close sequence similari-
ties have been assumed to be allelic variants, although
this assumption has been proved in only a few cases
(Henco et al. 1985; Diaz et al. 1994a).

In the IFNA2 locus, three variants have been de-
scribed, designated as "IFN-a2," "IFN-a2(Arg)," and
"IFN-A." IFN-a2 was isolated as a cDNA from periph-
eral blood cells (Streuli et al. 1980), while IFN-A and
IFN-a2(Arg) were cloned from two different tumor cell
lines (Goeddel et al. 1980; Maeda et al. 1980; Dworkin-
Rastl et al. 1982; Lund et al. 1985). It was shown in
several ethnic populations of Caucasian, Arabic, Afri-
can, Asian, Chinese, and Japanese origin that only IFN-
a2 could be detected (Hosoi et al. 1992; Emanuel and
Pestka 1993; Gewert et al. 1993; Crowe et al. 1994;
Kaluz et al. 1994). In a study of genomic DNA from
pooled white blood cells of >28,000 individuals, D.
Testa and collaborators also found that IFN-a2 was
predominant, that IFN-a2(Arg) was rare, and that IFN-
A could not be detected (Dipaola et al. 1994; Liao et
al. 1994). A previous suggestion that IFN-A and IFN-
a2(Arg) might represent distinct IFN-a genes was not
confirmed in the physical map of the IFN locus (Hotta
et al. 1988; Diaz et al. 1994b). The finding of IFN-A
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and IFN-oc2(Arg) variants in individuals of African and
Afro-Caribbean origin confirms that these variants rep-
resent alleles (Gewert et al. 1995).
The rareness of allelic variants of IFN-ac2 was some-

what surprising, in light of the reported degree of hetero-
zygosity and the many known IFN-a sequence variants.
Therefore, we extended the analysis of proposed allelic
variants to IFNA genes other than IFNA2. We have
analyzed six IFN-a genes by a sensitive single-nucleotide
primer extension method, which allows us to detect sin-
gle-nucleotide differences in PCR fragments. We have
especially looked for the presence of previously de-
scribed sequence variants assumed to represent allelic
products. In our report we use the designation of the
latest nomenclature of interferon genes that has been
approved by Human Genome Mapping Workshop on
Chromosome 9 and the Nomenclature Committee of
the International Society of Interferon and Cytokine Re-
search (Diaz et al. 1994a). IFNA designates a gene or a
locus, while IFN-oc usually refers to a sequence variant.

Material and Methods

Populations and DNA Samples
Blood samples were obtained from a random popula-

tion sample of blood donors from the County of Vaster-
botten, Sweden, and from family material from the same
area, comprising two generations of families with one to
three children, originally collected in a study of heredity
palmoplantar keratodermia (Lind et al. 1994).
Genomic DNA was prepared from human white

blood cells according to the method of Sambrook et al.
(1989). DNA concentration was measured by spectro-
photometry and adjusted to a concentration of 100
ng/gl.

Oligonucleotides
The primers were chosen according to known se-

quences reported by Henco et al. (1985), and the nucleo-
tide positions were designated accordingly (Rychlik et
al. 1993). In some cases BamHI or PstI restriction sites
for subcloning were included into the primers. The se-
quences of the primers used for PCR, allele-specific
primer extension, and direct sequencing are shown in
table 1.

PCR Amplification
PCR was carried out in a total volume of 50 gl in 10

mM Tris-HCl, pH 8.3; 50 mM KCl; 1.5 mM MgCl2;
100 ng/ml gelatin; 10 pmol each primer; 8 pl of working
stock containing 1.25 mM each of dNTPs (dATP, dTTP,
dCTP, dGTP); and 2.5 U of Taq DNA polymerase
(Boehringer-Mannheim). PCR was performed in Mi-
croAmp tubes (Perkin-Elmer) with 500 ng of genomic
DNA. Thirty cycles were performed in the Programma-
ble Thermal Controller model PTC-100 (SDS, MJ Re-

search). One cycle consisted of denaturation at 94°C for
1 min, annealing for 1 min at temperatures calculated
individually for each separate pair of primers, and exten-
sion at 72°C for 1 min. Before the first cycle, the initial
denaturation step was 3 min, and in the last cycle the
extension was increased to 10 min. Annealing tempera-
ture was calculated according to the method of Thein
and Wallace (1986). After the end of the last cycle the
temperature was held at 4°C. A negative control without
DNA was used in all experiments.
The size of the PCR fragments was controlled by elec-

trophoresis in 1% agarose gel (SeaKem) in 1 x TBE and
then visualized with ethidium bromide (0.5 gg/ml) under
UV light.

Single-Nucleotide Primer Extension
The experiments were done according to the method

of Kuppuswamy et al. (1991). In brief, the PCR products
were purified by excision from 0.75% (SeaPlaque) agar-
ose gels. After excision and agarose melting, DNA was
purified by the Gene Clean kit (Bio 101), and then DNA
was dissolved in 10 jl of 1 x TE buffer.

Each allele-specific single-nucleotide primer extension
reaction was carried out in 10 ,l, containing 1 gl PCR
product, 1 jl of the PCR lOx buffer (the same as for
PCR amplification), 0.25 ,uM allele-specific primer, 1 U
Taq DNA polymerase, and 0.1 p1 of the appropriate
a-32P-labeled nucleotide (10 mCi/ml, 3,000 Ci/mmol).
The mixtures were denatured at 94°C for 3 min then

subjected to 10 cycles, each consisting of 5 s of annealing
(temperature was dependent on used primer), 5 s of
extension at 72°C, and 30 s of denaturation at 94°C.
After completion, 2 ,l from each reaction was electro-
phoresed in a 15% polyacrylamide gel with 7 M Urea
in 1 x TBE, for 2.5 h. The gels were fixed in a solution
containing 10:10 methanol:acetic acid and then dried.
Autoradiography was done by overlaying Kodak X-AR
5 film and exposing at room temperature overnight. The
sequences of the allele-specific extension primers are
shown in table 1, and discriminatory positions are
shown in table 2.

Subcloning of the PCR Products and Sequencing
The IFNA2 PCR fragments were subcloned into pBlue

sk+ vector, after cleavage at BamHI and PstI sites intro-
duced into the PCR primers. After transformation of
Escherichia coli XL Blue white colonies were picked
from L-agar plates containing IPTG (60 ,g/ml), ampicil-
lin (100 ig/ml) and X-Gal (40 ,ug/ml). Small-scale plas-
mid preparations were sequenced using the Sequenase
Version 2.0 kit as recommended by the manufacturer
(U.S. Biochemical). Sequencing primers used were T3
and T7.
The IFNA1 0 and IFNA1 7 PCR fragments with single

3'-A-nucleotide overhangs were subcloned into the
pT7Blue T-vector (Novagen). Sequencing was per-
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Table 1

Sequences of Oligonucleotides for PCR and Allele-Specific Primer Extension

Size of the
Amplified

Gene and Sequence Regionc Fragment
Primera Sequence" (nt) (bp)

IFNA1 :d
lP1 5'-GCGGGATCCGGCTCTAAACTCATGTAAAG 731-750 857
1P2 5'-GCGCTGCAGGACAGAATTCATGAAAGCGTG 1549-1569
1-842 5'-GTATGTTCCCTATTTAAGGCAT 820-841
1-855 5'-GCTCTAGGTTCTCTGAAGGC 856-876
1-1341 5'-AGAAACTCCCCTGATGAATG 1331-1340

IFNA2:
2P1 5'-GCGGGATCCAGTCAAGCTGCTCTGTGGGC 981-1000 589
2P2 5'-GCGCTGCAGGTGAGCTGGCATACGAATCA 1532-1551
2-68 5'-GCTCCTGGCACAGATGAGGA 1048-1067
2-1068 5'-AGCAGGAGAAAAGAGAGATT 1088-1069
2-1101 5'-CTCCTGCTTGAAGGACAGAC 1081-1110

IFNA 1 0:
10P1 5'-GCGGGATCCCTAGCAATATTTGCACAT 908-926 612
1OP2 5'-GCGCTGCAGTGCCATGTTGAACCAGTTTT 1501-1520
1OP3 5'-TGATTTCCGAATCCCCCAGG 1102-1121 418
10-991 5'-GGCAGATCACAGCCCAGAGA 992-1111
10-1265 5'-GTCATTCAGTTGCTGGTAAA 1266-1285

IFNA14:
14P1 5'-GCGGGATCCAGTGTTACCCCTCAATCAACC 885-904 647
14P2 5'-GCGCTGCAGTAGTCAATGAGAATCATTTC 1518-1537
14-922 5'-ACCAGCCCAGCAGCATCTTC 902-921
14-1183 5'-TCTGTCCTCCATGAGATGAT 1163-1182
14-1454 5'-GAGCAGAAATCATGAGATCC 1434-1453

IFNA 1 7:
17P1 5'-GCGGGATCCGATCTGCCTCAGACCCACAG 1004-1023 548
17P2 5'-GCGCTGCAGCAATCAGGATCATTGCCATG 1514-1533
17P3 5'-TGACTTTGGACTTCCCCAGG 1102-1121 432
17-101 5'-CTCCTGCCTGAAGGACA 1081-1100
17-1101 5'-CCTGGGGAAGTCCAAAGTCA 1102-1121
17-1453 5'-AAGTTTGTTGAAAAAGAGAG 1454-1473
17-1482 5'-TTCAATCCTTCCTCCTTAAT 1483-1502

aiPl 1P2, 2P1, 2P2,1OPl, lOP2, 10P3, 14P1, 14P2, 17P1, 17P2, and 17P3 are primers for PCR; the
rest of the primers are for primer extension. Pairs of primers 1OPl-lOP2 and 1OP3-1OP2 allow us to amplify
fragments 612 bp and 418 bp, respectively. In the IFNA17 group, primer pair 17P1-17P2 allows us to
amplify a fragment 548 bp, and primer pair 17P2-17P3 allows us to amplify a fragment 432 bp.

bUnderlined sequences represent extensions of the primers for PCR to incorporate BamHI (lPl, 2P1,
lOP, 14P, 17P1) or 1 PstI (1P2, 2P2, 10P2, 14P2, 17P2) restriction sites for subcloning.

c See Henco et al. (1985).
dPrimers for PCR amplification and allele-specific primer extension reactions were identical for IFNA1

and IFNA13 groups.

formed with Sequenase Version 2.0 using T7 promoter
sequencing primer.

Direct sequencing (Meltzer et al. 1993) was applied as
indicated in the Results section. The fragments were puri-
fied by agarose gel electrophoresis, excision, and treatment
by the Gene Clean kit. All sequencing steps were done
according to manufacturer's descriptions (Stratagene). In
sequencing reaction oc-_3S-dATP was used.

Cycling of the sequencing reaction was run with the
following temperature profile. The initial denaturation
at 940C was 5 min. Then followed 30 cycles each with

denaturation at 950C for 30 s, annealing at 60'C for 30
s, and extension at 720C for 1 min. The electrophoresis
was run at 60 W. The gel was fixed in a solution con-
taining 10% metanol:10% acetic acid, dried for 2 h and
exposed on Kodak X-AR 5 film for 15-36 h.

Statistical Analysis
Segregation of the IFNA 17 and IFNA1 0 alleles was

demonstrated in pedigrees. Frequencies of the IFNA1 7
and IFNA 1 0 alleles were calculated by simple gene
count, and agreement with Hardy-Weinberg equilibrium
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Table 2

Discriminatory Positions for Variants in the IFN-a Gene Family

Group of Genes Discriminatory Positionsa

IFNA1: 842 1341
IFN-0l T C
LeIF-D T T

IFNA13: 842 1341
IFN-0l3 C C

IFNA2: 1068 1101
IFN-a2 G A
IFN-a2(ARG) G G
IFN-A A A

IFNA10: 991 1265
TIFN-xlO C A
TLeIF-L A A
LeIF C T C

IFNA14: 992 1183 1454
LeIFH G G T
k2h A G C
IFN-al4 G G C
GX-1 G C T

IFNA17: 1101 1453 1482
IFN-c88 A C G
X2C1 C T T
IFN-aT A T T

a Numbers for discriminatory position were taken from Henco et
al. (1985).

was tested by the X2 test. Haplotype frequencies were
estimated from population data according to the princi-
ples outlined by Hill (1974). The genotype frequency of
the double heterozygotes was computed from the haplo-
type frequencies obtained from the unequivocal combi-
nations.

Results
Six groups of human IFN-a genes were selected for

this study, and specific primers were designed to detect
16 different published sequence variants, assigned to
these groups and assumed to represent allelic variants.
In the first step, PCR primers were designed specifically
for the six groups as shown in table 1. Only in the
case of IFNA17 was contamination from another locus
observed (see below). The obtained PCR fragments were
then tested with the respect to the individual sequence
variants assigned to this group by single-nucleotide
primer extension, using the primers shown in the table
1. Although the variants are very similar, this method
was highly discriminatory, as demonstrated in figure 1.
As described below, the results could always be con-
firmed either by sequencing or by restriction analysis.
The IFNA1 and IFNA13 Subgroups
The IFN-al gene was originally isolated from chro-

mosomal DNA (Nagata et al. 1980) or as a cDNA clone

derived from virus-induced leukocyte mRNA (Mantei
et al. 1980). The LeIF-D gene was isolated from a cDNA
bank derived from the tumor cell line KG1 (Goeddel et
al. 1981; Goeddel and Pestka 1982, 1989) and differs
from IFN-a 1 in two positions (nucleotide position 1341
and 1502, according to the numbering used by Henco
et al. [1985]).
The IFN-al3 gene was isolated from chromosomal

DNA (Todokoro et al. 1984). The entire coding se-
quence is identical to the sequence of the IFN-al gene,
while 22 nucleotide differences have been found in the
5' and 3' noncoding flanking regions. It has been shown
that IFN-al and IFN-a13 represent different genes in
spite of having the same coding sequence (Todokoro et
al. 1984; Diaz et al. 1994b).
The PCR primers for isolation of both IFN-al and

IFN-al3 were identical, as well as primers for detection
of discriminatory positions using the primer extension
protocol (tables 1 and 2). In the population sample and
in the family material, 857-bp PCR fragments were ob-
tained with the specific primers. It was found that all
samples tested (n = 69) had T and C in position 842
(according to the numbering of Henco et al. [1985]) and
that all had C in position 1341. Thus, we could not
detect LeIF D in our study population, while all individ-
uals had both IFN-al and IFN-a13. This effectively ex-
cludes allelism of IFN-al and IFN-a13, since all 69
individuals could not be heterozygotes. Analysis of the
family material also showed that IFN-axl and IFN-al3
were not alleles (data not shown).
The IFNA1 7 Group
At least three sequence variants have been assigned

to this gene. X2c1 was isolated from chromosomal DNA

1 23 12 3 1231 23 1 2 3 123 K

dATP dGT? dCTP dGTP dCTP dTTP

Figure 1 PAGE analysis of the allele-specific primer extension
products for the IFNA14 group. The number of the individuals is
given as 1, 2, or 3. K is the control size marker (kinased oligonucleotide
14-922). Primer extension reaction has been done as described in
Material and Methods. To determine variants of IFN-a within the
IFNA14 group, the following primers for discriminatory positions
were used: primer 14-922 was used with radioactive dATP and dGTP;
primer 14-1183 was used with radioactive dCTP and dGTP; and
primer 14-1454 was used with dCTP and dTTP. According to these
results, individuals 1-3 have G in position 922, G in position 1183,
and C in position 1454. It means that the tested genomic DNA con-
tains the IFN-xl4 variant.
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(Lawn et al. 1981), and the coding region is identical to
IFN-a17 (Henco et al. 1985). It differs from IFN-cxT
isolated from chromosomal DNA (von Gabain et al.
1986) in one position (1101, see table 2) and in three
positions from IFN-a88 (Lund et al. 1985) isolated from
a cDNA library derived from Namalwa cells.
The sequence variants in this group have a high degree

of homology with IFN-a variants of the IFNA1 0 group.
Thus, control sequencing of the PCR products (548 bp)
obtained using the 17P1 and 17P2 primers showed
IFNA10 sequences. Therefore, "nested" primers were
used, and, when advantage was taken of discriminatory
differences in the 1101-1120 region, the 17P3 primer
(1102 to 1121) was used both for the "nested" PCR
and as a sequencing primer.
The fragments (432 bp) obtained with 17P3 and 17P2

primers were digested with the restriction enzyme Hinfl.
The 48-bp, 64-bp, and 110-bp fragments diagnostic of
the IFNA1 7 group are seen in material from five individ-
uals (fig. 2A). For comparison the cleavage of the
IFNA10 PCR fragments are shown (fig. 2B) with a char-
acteristic 110/112 bp doublet. None of the IFNA17
"nested" fragments were contaminated with IFNA10
DNA. This finding was confirmed by sequencing.
We could exclude the presence of X2c1 by primer ex-

tension of the first round of amplification (primers 17P1
and 17P2). It was shown by primer extension using the
primer 17-1101 that all tested DNA had an A in the
position 1101 (see table 2). Discrimination between
IFN-a88 and IFN-a17 was done probing positions 1453

and 1482 by allele-specific primers. Thus, 126 individu-
als in the population sample carried IFN-ofT, 29 had
IFN-a88 and IFN-aT, and 2 had only IFN-a88.
The results were confirmed by restriction analysis

with SspI. Figure 3 shows an example of one individual
with a 380-bp fragment (homozygous for IFN-aT) and
one individual with two fragments of 432 bp and 380
bp (heterozygous for IFN-x T and IFN-cx 88).

Direct sequencing of a 548-bp fragment covered the
discriminatory positions 1453 and 1482 for the three
IFNA17 gene variants a88, aT, and k2c1. All the tested
sequences had T in both positions. In the cases classified
as heterozygotes, T and C were found in position 1453
and G and T in position 1482 as expected. The IFNA17
allele and genotype frequencies are shown in table 3.

The IFNA1 0 Subgroup
LeIF C was first isolated as cDNA from the myeloid

cell line KG1 (Goeddel et al. 1981; Goeddel and Pestka
1982, 1989). TLeIF-L and PIFN-c0 represent DNA
sequences in clones Xchr-10 (Brack et al. 1981; Henco
et al. 1985). LeIFC is very similar to TIFN-c0 and
PLeIF-L. It differs only in four positions, suggesting that
it can be allelic to the pseudogenes (Henco et al. 1985).
The same approach was used as for the analysis of

the IFNA17 subgroup. PCR fragments were amplified
with primers 1OP1 and 10P2 (612 bp, table 1) and then
with "nested" primer 10P3 and 10P2 (418-bp frag-
ment). By primer extension it was found that 52 individ-
uals had C in the position 1265 (homozygous for

B
A

1 2 3 4 5

1 2 3 4 5 M

-_112
1-10

-157

0110

<_64
48

-34 -34

Figure 2 Restriction endonuclease analysis of the PCR fragments for the IFNA1 0 and IFNA1 7 groups. PCR fragments after amplification
with "nested" primers for the IFNA1 0 group (1OP3 and 10P2) and the IFNA1 7 group (17P3 and 17P2) were digested with HinfI and run on
a 4% NuSieve gel. A, Five individuals, showing the 48-bp, 64-bp, and 110-bp fragments diagnostic of the IFNA17. M represents DNA
molecular-weight marker X (Boehringer Mannheim). B, Five individuals, showing a 110/112-bp doublet characteristic of the IFNA10.
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M I 2 Table 4

-..-432
-4-380

Figure 3 Restriction endonuclease analysis of the PCR frag-
ments in the IFNA1 7 group. PCR fragments after amplification with
primers for the IFNA1 7 group (17P3 and 17P2) were digested with
SspI and run on a 2% Nusieve gel. Lanes 1 and 2 represent the DNA
for individuals 1 and 2. M represents DNA molecular-weight marker
X (Boehringer Mannheim). Individual 1 has two variants of IFNA1 7,
IFN-aT and IFN-a88. Individual 2 has one variant, IFNa-T.

LeIFC), and 11 had both C and A. This finding means

that they are heterozygous and carry either PIFN-alO
or 'LeIF-L together with LeIF C. We did not further
analyze which of these two pseudogenes that were pres-

ent and designated them 10 in this paper.

After purification, the fragments were subjected to
direct sequencing with primer 10P3, which confirmed
the results from primer extension. Table 4 shows the
IFNA10 genotype and allele frequencies.

The IFNA14 Subgroup
IFN-a14 and k2h are chromosomal clones from Ma-

niatis gene bank and are closely related. They differ in
seven positions in the 5' flanking region, two positions in
the 5' noncoding region, and in one in the 3' noncoding

Table 3

IFNA17 Genotypes and a88 Allele Frequency in Northern Sweden

IFNA1 7 GENOTYPES

aT/aT aT/a88 a88/a88

Observed 126 29 2
Expected 125.76 29.51 1.73

NOTE.-The table shows the no. of observed and expected no. of
genotypes of 157 individuals (n). The frequencies of the a88 and aT
alleles were .105 and .895, respectively (XHW = 0.05).

IFNA10 Genotypes and '10 Allele Frequency in Northern Sweden

IFNA10 GENOTYPES

LeIFC/LeIFC LeIFC/P10 YPO

Observed 52 11 0
Expected 52.52 10.01 .48

NOTE. The table shows the no. of observed and expected no. of
genotypes of 63 individuals. The frequencies of the LeIFC and P10
alleles were .087 and .913, respectively (%2 = 0.58).

region. LeIF H is a cDNA clone derived from KG-1 cells
(Goeddel et al. 1981; Henco et al. 1985; Lund et al.
1984). GX-1 is probably a product of a recombination
event between IFNA14 and IFNAS (Diaz et al. 1994b).
The discriminatory positions selected are listed in ta-
ble 2.
The analysis of genomic DNA from 50 individuals

showed that G was present at position 922, G was pres-
ent at position 1183, and C at position 1454 (fig. 1).
Thus, all screened genomic DNA samples contained
IFN-a14, and no other variants were detected by the
primer extension method.
To confirm these data, subcloning into the pBlue sk+

vector and sequencing were done. All clones that tested
positive had the IFN-a 14 sequence.

The IFNA2 Subgroup
As expected from results reported elsewhere (Emanuel

and Pestka 1993; Gewert et al. 1993; Dipaola et al.
1994; Liao et al. 1994), we found only IFN-a2 in 45
examined individuals. Control DNA from Namalwa
cells could be confirmed to contain both IFN-a2 and
IFN-a2(Arg).

Allele and Haplotype Frequencies
Under the assumption that IFN-cfT and IFN-a88 are

alleles, the IFNA17 genotypes and the frequency of the
less frequent allele 88 were calculated (table 3). There
was a close agreement between the observed numbers
and numbers expected assuming a Hardy-Weinberg
equilibrium (XHw = 0.05; P = .88). Furthermore, IFN-
aT and IFN-a88 were found to segregate in the families
(fig. 4).
Table 4 shows IFNA10 genotypes and the frequency

of the 10, calculated on the assumption that LeIFC
and 10 are alleles. Also, in this case there was a close
agreement between observed and expected numbers as-
suming a Hardy-Weinberg equilibrium (X2w = 0.58; P
= .45). One back-cross family segregating LeIF C and
10 was found (fig. 4). The families were few and con-
tained a small amount of informative haplotypes. There-
fore, haplotypes and linkage disequilibrium were calcu-
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a

LeIFCAI'10 LeIFC/LeIFC

LeIFCWio LeIFC/LeIFC Le1FC/'F1O

c

cd1/ aT

aT/a88

d

aT/aT aT/ ac88

Figure 4 Pedigrees showing segregation of IFNA10 alleles (a) and segregation of IFNA1 7 alleles (b-d)

lated from population data. Data on both IFNA1 7 and
IFNA10 genotypes were available in 59 individuals.
Haplotypes frequencies calculated from this population
sample were as follows: LeIFC/IFN-aT = .856; IFN-aT/
10 = .034; IFN-a88/LeIFC = .059; and IFN-a88/TP10
= .051. Thus, the a88 allele was associated with the
10 allele and the aT allele with the LeIFC allele. The
linkage disequilibrium was significant (X2 = 21.6, Yates
correction, P = 3 x 10-6) and 55% of Dmax, the maxi-
mum possible disequilibrium.

Discussion

In the human genome, only one IFN-P gene and one

IFN-y gene have been identified, and they have been
mapped to chromosomes 9 and 12, respectively (Tani-
guchi et al. 1980; Trent et al. 1982). In contrast, IFN-
a is a multigene family- 14 genes have been found with
80%-95% homology at a nucleotide level (Diaz et al.
1994b). Moreover, IFN-a-related sequences have been
found, which are reported as pseudogenes, and which
hybridize weakly to an IFNA1 probe (Henco et al.
1985). The diversity in the IFN-a gene family appears

to be due to both gene duplications and allelic variation
(von Gabain et al. 1986). Elsewhere, it was shown that
allelic forms of pseudogenes can be functional genes

(Bartholomew and Windass 1989). In contrast, only si-
lent nucleotide changes have been found in IFN-, genes

sequenced from different individuals (Taniguchi et al.
1980; Lund et al. 1985). The reason for the evolutionary
multiplication of the IFN-a genes remains unknown.
The latest observations on binding activities of different
subtypes of IFN-a support the idea on a specific function
for each subtypes (Cleary et al. 1994).

Analysis of RFLP in different individuals indicates a

pronounced polymorphism and high degree of heterozy-
gosity at the IFN-a and -fP loci (Ohlsson et al. 1985;
von Gabain et al. 1986). So far, at least 51 IFN-a and
IFN-a-related pseudogene sequences have been re-

ported from cDNA libraries from both normal cells and
tumor cells and from genomic libraries (Goeddel et al.
1980, 1981; Nagata et al. 1980; Goeddel and Pestka
1982; Langer et al. 1984; Lund et al. 1985), while the
physical map suggests that there are only 14 gene loci.
But so far there has been only limited information as
to whether the many sequence variants represent allelic
forms present in polymorphic frequencies in popula-
tions. Most authors agree that similar sequences repre-
sent alleles, and they have therefore been assigned to
different genes following these criteria (Henco et al.
1985; Diaz et al. 1994a).

In the present investigation we report results of the
analysis of IFN-a genes in a northern Swedish popula-
tion and family material from the same area. We choose
six groups of IFN-a that comprise 16 sequence variants
according to the latest accepted nomenclature of the
IFN-a genes (Diaz et al. 1994a). By using group specific
primers, PCR fragments were obtained, which were
probed for the published sequence variants by using a
single-nucleotide primer extension method (Kuppus-
wamy et al. 1991).

In four groups, IFNA1, IFNA2, IFNA13, and
IFNA14, only 4 variants, 1 from each group, were de-
tected, instead of the reported 10. Since the number of
alleles examined in those four groups was 138, 90, 138,
and 160, respectively, the results indicate that these four
loci are nonpolymorphic. The physical map based on a

contig of YAC clones shows the nonallelic character of

'a88
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the IFNA1 and IFNA13 genes (Diaz et al. 1994b).
IFNA1 and IFNA1 3 are also distinct from the IFNA2,
IFNA 10, and IFNA14 genes in the population studied.
Two variants of each of the genes IFNA1 0 and IFNA1 7
were found. Because of sequence similarities, we had to
use "nested" PCR primers to resolve these two groups.
The good agreement with Hardy-Weinberg equilibrium
and the segregation in families show rather convincingly
that IFN-ocT and IFN-ex88 are alleles at the IFNA17
locus and that LeIFC and PO are alleles at the IFNA1 0
locus. The linkage disequilibrium between IFNA1 0 and
IFNA1 7 alleles was expected and was in agreement with
previous findings of disequilibria between RFLP alleles
at the IFN-c and -I loci (Ohlsson et al. 1985).
When the previously reported numerous sequence

variants are taken into account, the finding of polymor-
phism at only two of six loci was clearly less than ex-
pected. On the other hand, the two polymorphisms re-
ported here together with the five reported before
(Ohlsson et al. 1985) can be said to represent a normal
level of genetic polymorphism. The major part of the
sequence variants reported-for example, the six vari-
ants in the IFNA1, IFNA2, IFNA 13, and IFNA14
groups that were not found in the population study-
may represent rare (nonpolymorphic) mutants, some of
which may have arisen as somatic mutations in cell lines.

Diaz et al. (1994b) pointed out that the whole IFN-
oc gene cluster probably is a result of repeated gene dupli-
cations. Two major duplication units were proposed, of
which the IFNA10 and IFNA17 loci belonged to the
more telomeric group. Some genes in the region joining
the proposed duplications units have signs of gene con-
versions or recombinations.
The genetic polymorphism in the region detected by

RFLP markers may indicate a high recombination activ-
ity. Our data indicate rather few sequence variants,
which suggests selection for sequence conservation. The
finding that IFN-1, which is functionally homologous
and binds to the same receptor as IFN-ox, only has silent
nucleotide changes supports a notion that there exists a
mechanism for sequence conservation in the IFN-ac gene
locus, in spite of the high recombination frequency.
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