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Two surfactant protein A (SP-A) genes and several alleles for each SP-A locus have been previously
described. In this report we investigate the potential usefulness of the SP-A loci as markers for genetic
studies. We establish conditions that allow the identification of alleles with very similar sequences; We
also determine the degree of polymorphism for each SP-A locus: The heterozygosity and polymorphism
information content (PIC) values for the SP-A1 locus are 0.63 and 0.55, respectively, and for the SP-A2
locus are 0.50 and 0.56. In the course of these studies, we identify one new SP-A2 allele and show that
the SP-A1 and SP-A2 loci are in linkage disequilibrium (P < 0.000001). We also identify 19 of the
20 possible haplotypes in a population of n = 239. Nine of the observed haplotypes reach statistical
significance (P < 0.01) in this population, and the segregation of two haplotypes (6A’/1A" and 6A"/1A)
without recombination is verified in a family pedigree. These data together indicate that both SP-A loci
are sufficiently polymorphic to be good markers for use in genetic studies. Furthermore, the finding of
one novel allele suggests that additional unknown SP-A alleles are yet to be found. Floros, J., S. Di-
Angelo, M. Koptides, A. M. Karinch, P. K. Rogan, H. Nielsen, R. G. Spragg, K. Watterberg, and
G. Deiter. 1996. Human SP-A Locus: allele frequencies and Linkage disequilibrium between the two

surfactant protein A genes. Am. J. Respir. Cell Mol. Biol. 15:489-498.

Pulmonary surfactant, a lipoprotein complex, is essential for
normal lung function. It consists of a variety of lipids, espe-
cially phospholipids, and a number of proteins. The sur-
factant-associated proteins known to contribute to surfactant
function, structure, and metabolism are surfactant protein A
(SP-A), SP-B, and SP-C (1). The genes encoding SP-A are lo-
cated on chromosome bands 10g21 through q24 (2). There
are two functional SP-A genes (SP-Al and SP-A2) (3, 4) and
an SP-A pseudogene (5).
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The DNA sequences of the two functional SP-A genes are
very similar to one another. The genomic structural organi-
zation of each SP-A gene consists of four coding exons and
spans a region of < 5 kb (3, 4). Each SP-A gene contains a
number of untranslated exons at the 5’ end (denoted A, B,
C, and D) that generate several alternatively spliced tran-
scripts (6-8). Each functional SP-A gene encodes a precur-
sor molecule (9, 10) that undergoes a number of post-
translational modifications resulting in a sialoglycoprotein.
The in vitro translated protein from each functional SP-A
gene is required for the formation of a structure similar to
that observed in native SP-A (11). Both products appear to
be necessary for a fully functional and stable mature SP-A
(12). cDNA sequences that correspond to the SP-Al and SP-
A2 genes have been published and denoted 6A and IA,
respectively (13). A number of alleles have been recently
identified and characterized for each SP-A gene (6, 7, 14).
The naming of alleles is based on the nomenclature of the
cDNAs (6A and 1A), and thus the alleles for the SP-Al gene
are denoted 6A", and the alleles of the SP-A2 gene are
denoted 1A". The sequences of the SP-A alleles are very
similar within the coding regions (= 99%), making iden-
tification of each allele challenging.

Because SP-A has been shown to be involved in many
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aspects of surfactant physiology and biology, we wished to
determine whether the SP-A locus would be a useful marker
for genetic studies of specific pulmonary diseases. Toward
this goal, in this report we (/) describe conditions that permit
SP-A gene-specific amplification and hybridization, and
allele-specific hybridizations; (2) describe one additional al-
lele for the SP-A2 gene; (3) determine the degree of poly-
morphism of the SP-Al and SP-A2 loci in several human
populations by assessing their heterozygosity and polymor-
phism information content (PIC) values in these populations;
and (4) show that the two SP-A genes (SP-Al and SP-A2) are
in linkage disequilibrium.

Materials and Methods

Molecular Reagents

The SP-A ¢cDNAs that we use as hybridization controls are
our previously published sequences: 6A and 1A (13); 6A°,
6A’, 6A', and 1A", 1A', 1A’ (6, 7). The genomic SP-Al and
SP-A2 clones that we use as controls in PCR are from Ge-
nome Systems (St. Louis, MO). The genomic SP-Al clone
of allele 6A" (6) is a kind gift of Dr. Tyler White (Fcios,
Inc., Mountain View, CA). The genomic SP-Al clone of al-
lele 6A' (6) is the clone previously described by Rishi and
colleagues (14).

Oligonucleotides shown in Figure | and Table | are syn-
thesized by the Macromolecular Core at the Pennsylvania
State University College of Medicine (Hershey, PA). The
oligonucleotide number identifies the order of the oligonu-
cleotide in our logbook. Reagents used in polymerase chain
reaction (PCR), including Taq polymerase, are purchased
from Perkin-Elmer, and ~"“P-adenosine triphosphate (ATP)
(3,000 Ci/mmol) from New England Nuclear (Boston, MA).

Specimens

DNA is extracted from either cord or venous blood, lung tis-
sue, or cell pellets from bronchoalveolar lavage. These spec-
imens are obtained from a variety of populations as shown
in Resurts. The groups “RDS™ and “Preterm” represent
specimens obtained from prematurely born infants who were
either diagnosed with respiratory distress syndrome (RDS)
or were free of RDS. Specimens denoted “random”™ are ob-
tained from randomly selected adult individuals. The “mixed”
group consisted of samples from patients diagnosed with
adult respiratory distress syndrome (ARDS) or at risk for
ARDS, from patients with bronchopulmonary dysplasia,

and from patients with lung adenocarcinoma. The following
DNA samples are kindly provided by the Colorado Lung
Spore Tissue Bank Core Laboratory: 15 DNA samples from
lung carcinomas, 16 from bronchoalveolar lavage from nor-
mal nonsmokers, and four from smokers. More than 80% of
the Nigerian samples are obtained from individuals of the
Yoruba and Ibo tribes (south and southeast part of Nigeria).
Paternity in the family pedigree is confirmed by PCR with
two sets (D21S1436 and D21S1437) of microsatellite poly-
morphic markers.

PCR and Hybridization Conditions for the
SP-A1 Gene and SP-Al Alieles

PCR. SP-Al is amplified with 50 ng each of olig »nucleo-
tides 326 (SP-Al-specific) and 68 (Figure 1 and Tab': 1). The
reaction consists of 200 ng genomic DNA in 1.5 mM Mg-
Cl., 10 mM Tris, pH 8.3, 50 mM KCI, and 0.3 mM dN-
TPs (Perkin Elmer) in a total volume of 100 ul, with the fol-
lowing cycling conditions: initial denaturation at 95°C 5,
addition of 2.5 U of AmpliTag, followed by 30 cycles at 94°C
307, 58°C 30" 72°C I' 30, and a final 5’ extension step at
F2°C;

Slot-blot preparation. An aliquot of the PCR product is
used to evaluate the success of the PCR reaction by agarose
gel electrophoresis, and the remaining PCR products are ex-
tracted with phenol:chloroform:isoamyl alcohol (25:24:1).
An attempt was made to load equivalent amounts (as deter-
mined by the intensity of the ethidium bromide-stained
bands on the agarose gel) of each DNA sample onto tripli-
cate slot-blots. DNA loaded onto the blots was prepared as
follows. DNA is diluted in H,O to a final volume of 100 pl
and a final concentration of 0.1 N NaOH. The sample is first
incubated at room temperature for 10, and then placed on
ice, at which time 900 pl of 10x SSC is added. Samples are
held on ice until slot-blot preparation is completed. Each
well is rinsed once with 300 ul of 10x SSC, then 300 ul of
DNA sample is applied and the well is rinsed again twice
with 300 ul of 10x SSC.

The membrane used for slot blots is Genescreen hybrid-
ization transfer membrane (Dupont, Boston, MA). The
DNA is fixed to the membrane by baking at 80°C under
vacuum for 2 h. To assess equivalency of loading for all al-
leles of each gene, hybridization to a common oligonucleo-
tide was performed. (The common specific oligonucleotide
for SP-Al is 293 and for SP-A2 is 292.)
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Figure I Structural organization of the SP-A gene and location of the gene- and allele-specific oligonucleotides. The gene-specific oligonu-
cleotides for SP-Al are 326 and 293, and for SP-A2 are 327 and 292. Oligonucleotide 68 is common to both genes. The remaining oligonu-
cleotides are used as probes in hybridizations to determine the identity of each allele (see Table I).
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TABLE 1
Sequence, orientation, nucleotide position, gene location, and specificity of

Oligo Number

Sequence

5-GATGAGGTTGAGGGCCAGAG-3"

40

68 5“TGCCACAGAGACCTCAGAGT-3'

96 5-TCCTTTGACACCATCTC-3'
292 5-CCATTATTCCCAGGAGGACATGGTG-3'
293 5-CCATCATTTCCAGGAGGACATGGCA-3
305 5-CTTCGCACGCAGCACCA-3
309A S“TTTTCCCCAACCTGCGGA-¥Y
311 5-CACGCCAGGCTCCCCCT-3'
312 5-CACACACTTCTCTTTTC-¥
326 5-ACTCCATGACTGACCACCTT-¥
327 5-ATCACTGACTGTGAGAGGGT-3
350 5-GATGAGGGTGAGGGCCAGAG-3'
402

5-TTTCTCCAGGTGGACCCATG-3'

* Katyal and colleagues (3). AS = antisense: S = sense.

Hybridizations. The conditions for gene-specific and
allele-specific hybridizations were determined empirically
using cloned cDNAs. The filters are prehybridized for 1 h
at 65°C in 5 Denhardts and 100 pg/ml denatured fish sperm
DNA, and then hybridized at the appropriate temperature for
2 h in a solution containing 1x Denhardts, 60 mM Tris, pH
8.0, 300 mM NaCl, 2 mM EDTA, 1% sodium dodecyl sulfate
(SDS), 100 pg/ml denatured fish sperm DNA, and 5 x 10°
counts per minute (cpm)/ml labeled oligonucleotide. The
filters are first washed 2 X 5"at room temperature in solution
I (60 mM Tris, pH 80, 300 mM NaCl, and 2 mM EDTA),
and then 1 x 60" at the appropriate temperature in solution
IT (60 mM Tris, pH 8.0, 300 mM NaCl, 2 mM EDTA, and
0.1% SDS). The hybridization and wash temperatures,
respectively, in solution II for each oligonucleotide are as
follows: for oligonucleotide 293 (SP-Al specific), 50°C and
55°C; for allele-specific oligonucleotides 96 and 309A,
45°C and 45°C; for 305, 45°C and 55°C; and for 402, 53°C
and 55°C. All oligonucleotide probes are end-labeled using

oligonucleotides used in the present study

Orientation

AS
AS
AS
AS
AS
AS
AS
AS
AS
S
S
AS
AS

491
Nucleotide Position* Gene Location Specificity
1059-1078 Exon [ 1A°, 1A%, SP-Al
3845-3864 uT SP-Al, SP-A2
1185-1201 Exon 1 6A*, SP-A2
1555-1579 Exon 11 SP-A2
1555-1579 Exon 11 SP-Al
1093-1109 Exon 1 6A, SP-A2
3233-3249 Exon 1V 6A*
1641-1657 Exon 11 1A, SP-Al
3246-3261 Exon IV 1A', 1A}
469-488 SUT SP-Al
472-491 5'UT SP-A2
1059-1078 Exon I 1A, 1A', 1A?
1536-1555 Exon 11

6A°, 6A°

[v"P-ATP] (3,000 Ci/mmol). The characteristics of the oli-
gonucleotide probes are shown in Table | and Figure 1 (se-
quence and location) and in Table 2 (hybridization pattern).
Membranes are stripped in wash solution II at 75°C for 1 to
2 h, exposed to X-ray film to assess completion of stripping,
and then rehybridized with additional oligonucleotides.

Scoring of alleles. The genotype of each sample is deter-
mined by the characteristic pattern of oligonucleotide hybri-
dizations shown in Table 2, and in certain cases the intensity
of the band in the autoradiogram is assessed to determine the
homozygous versus the heterozygous status of the particular
sample. Specifically, samples were scored positive or nega-
tive for all allele-specific hybridizations (oligonucleotides
96, 305, 402, and 309A for SP-Al; and oligonucleotides 40,
311,312, and 350 for SP-A2). For some genotypes, this scor-
ing provided sufficient information to assign genotypes by a
process of elimination (Table 2). For example, a sample
positive with only oligonucleotide 40 or oligonucleotide 350

TABLE 2

iAH

Oligo Number Codon 1A

40 9 - +
311 91 + —
312 223 = =
350 9 + =
Oligo Number Codon 6A 6A°

9.6 GEech — 50 P s : +_
305 19 + —
309A 219 - -
402 62 = +

+ = hybridization; — = absence of hybridization.

Characteristic oligonucleotide hybridization patterns for SP-Al and SP-A2 alleles

SP-A2 Alleles

1A' 1A° 1A° SP-Al
- - + +
- - - +
+ - + -
+ + - -

SP-Al Alleles

6A7 6A* SP-A2
- - +
— = +
— + —






