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Summary. In this communication we report the genetic
properties of an insertion/deletion polymorphism in the
signal peptide of the human apolipoprotein B (apo b)
gene. There are two alleles of the apo B signal peptide;
one codes for a peptide 27 amino acids in length and the
other a peptide only 24 amino acids in length. Using the
polymerase chain reaction the difference of nine nuc-
leotides between the two alleles is readily detectable
after electrophoresis of the amplification products. The
relative frequencies of the Ins and Del alleles are 0.655
and 0.345, respectively. The apo B signal peptide geno-
types are transmitted in a manner consistent with an au-
tosomal codominant mode of inheritance with two al-
leles.

Introduction

Atherosclerosis and coronary heart disease make major
contributions to the morbidity and mortality of west-
ernized populations. Epidemiological studies and clini-
cal trials have determined that plasma lipid levels are sig-
nificant risk factors for the development of disease, how-
ever information about the apolipoproteins may be bet-
ter predictors of disease risk. One of these apolipopro-
teins, apolipoprotein B (apo B), has a central role in lipid
metabolism (see Li et al. 1988 for a review). Apo B is the
major apolipoprotein in postprandial chylomicrons and
low-density lipoprotein particles. Elevated plasma levels
of apo B are associated with increased prevalence of
atherosclerosis (Brunzell et al. 1984).

The gene for human apo B has been cloned, mapped,
and is well characterized (Ludwig et al. 1987). The gene
is 43 kb in length with 81 bp coding for a 27 amino acid
signal peptide. Although the exact physiological role of
the apo B signal peptide has not been studied, other sig-
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nal peptides are involved in the translocation of secre-
tory proteins across the membrane of the endoplasmic
reticulum (Chan and Bradley 1982; Benson et al. 1985;
Randall and Hardy 1989). We have recently found that
the signal peptide of human apo B is of variable length
among individuals (Yang et al. 1989; Boerwinkle and
Chan 1989). There are two apo B signal peptide alleles;
one codes for a peptide 27 amino acids in length and the
other a peptide only 24 amino acids in length. Amino
acids -14 to -16 are absent in the shorter allele product.
To our knowledge this is the first example of a polymor-
phism in a signal peptide of a human gene product. In
this communication we characterize the genetic proper-
ties of this polymorphism reporting the allele frequen-
cies and verifying their segregation in a large number of
families. We also investigated the allele frequencies of
this polymorphism in a sample of hyperlipidemic indi-
viduals and compare them to those from the population
at large. This insertion/deletion mutation has potential
physiological significance because it alters the structure
of the signal peptide of a gene central to lipid metabo-
lism.

Materials and methods

These analyses were carried out on a sample of 95 nuclear families
taking part in systematic health examinations at the Center for
Preventive Medicine in Nancy, France. Only the parents of these
families were considered for allele frequency estimation. Children
of the families were used to document the Mendelian inheritance
of the apo B signal peptide insertion/deletion polymorphism. In
addition to these family data, 34 type IIa hyperlipidemic subjects
were selected by the hospital service in Nancy, France to estimate
the allele frequencies in a clinical population.

Blood was collected into ethylenediaminetetraacetate (EDTA)
vacutainers. After spinning, the buffy coat was separated and im-
mediately frozen in liquid nitrogen until further analysis. Once in
Houston, genomic DNA was purified from the buffy coat by phe-
nol extraction. Oligonucleotide primers for the polymerase chain
reaction (Saiki et al. 1988) were 22 and 23 nucleotides in length
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and were synthesized on an Applied Biosystems model 380A DNA
synthesizer. The 5’ oligonucleotide was 5'-CAGCTGGCGAT-
GGACCCGCCGA-3’ end the 3’ oligonucelotide was 5'-ACCGG-
CCCTGGCGCCCGCCAGCA-3'. The polymerase chain reaction
(PCR) was carried out in a final volume of 100 ul containing ap-
proximately 0.5 ug of genomic DNA and 0.65 pg of each oligonu-
cleotide. The four ANTPs were present in a final concentration of
150 uM. The reaction buffer used was that recommended by the
manufacturer with the addition of 10% dimethylsulfoxide (DMSO).
Prior to addition of 1.5 units of thermostable Tag polymerase
(Perkin-Elmer-Cetus), the reaction mixture was boiled for 6 min
and then allowed to cool briefly. Annealing, extension, and dena-
turation were carried out at the temperatures given below using an
automated thermal cycler (Perkin-Elmer-Cetus). The denatur-
ation step was carried out at 94°C for 1 min and annealing and ex-
tension were carried out simultaneously for 1.5 min at 64°C. Am-
plified DNA was subjected to electrophoresis in 8% polyacryl-
amide gels at 90 V for 4-5h. PCR products were directly visualized
after ethidium bromide staining of the acrylamide gels.

The frequencies of the longer (insertion, Ins) and shorter (de-
letion, Del) alleles were estimated by the gene counting method.
Chi-square goodness-of-fit tests (Sokal and Rohlf 1981) were used
to test the fit of the observed genotype frequencies to those ex-
pected assuming Hardy-Weinberg equilibrium, and to test the
goodness of fit of the family data to Mendelian expectations. A
contingency chi-square (Sokal and Rohlf 1981) was used to test the
homogeneity of allele frequency between the normal and patient
samples.

Results

The PCR products of each of the apo B signal peptide in-
sertion/deletion genotypes are shown in Fig.1. After poly-
acrylamide gel electrophoresis, the two alleles are readi-
ly distinguishable following ethidium bromide staining.
The larger (Ins) allele is 93bp and the smaller (Del) al-
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Fig.1. Polymerase chain reaction products of each of the apo B sig-
nal peptide insertion/deletion polymorphism genotypes

Table 1. Genotype and allele frequencies for the apo B signal pep-
tide insertion/deletion polymorphism

Genotype frequencies®

Ins/Ins Ins/Del Del/Del
Sample
Random 73(37.6%) 108(55.7%) 13 (6.7%)
Hyperlipidemics 13 (38.2%) 17(50.0%)  4(11.8%)
Relative allele frequencies
Ins Del
Sample
Random 65.5% 34.5%
Hyperlipidemics 63.2% 36.8%

 Counts are given and the corresponding relative frequencies are
enclosed in parentheses

Table 2. Segregation of the apo B signal peptide insertion/deletion
polymorphism®

Mating type Num- Children
b
" Ins/lns Ins/Del Del/Del Total

Ins/Ins X Ins/Ins 14 26 - - 26
Ins/Ins X% Ins/Del 32 24 41 - 65
Ins/Ins X Del/Del 7 - 14 - 14
Ins/Del X Ins/Del 35 15 33 15 63
Ins/Del x Del/Del 4 - 4 3 7
Del/Del X Del/Del 1 - - 2 2
Total 93 65 92 20 177

? The observed segregation ratios do not differ from Mendelian ex-
pectations under a codominant model (y? = 4.7, 4 df)

lele is 84 bp. Heterozygous individuals yield PCR prod-
ucts of both sizes in approximately equal molar amounts.
Genotype and allele frequencies of the apo B signal pep-
tide insertion/deletion polymorphism in both the ran-
dom and type Ila hyperlipidemic samples are given in
Table 1. We estimate the relative frequencies of the Ins
and Del alleles in the general population to be 0.655 and
0.345, respectively. The allele frequencies between the
random sample and the sample of type 1la patients do
not differ significantly.

The apo B signal peptide genotypes are transmitted
in a manner consistent with an autosomal codominant
mode of inheritance with two alleles. The genotypes of
177 children from 93 families whose parents were both
typed for this polymorphism are given in Table 2. Data
from two families with previously known genetic incon-
sistencies were not considered. No new inconsistencies
were detected. The segregation ratios did not differ from
Mendelian expectations under a model of autosomal
codominant mode of inheritance (y* = 4.7, 4df). For
example, there are 32 families with both parents hetero-
zygous ins/del at this locus. These families had 63 chil-
dren, 15 of whom were ins/ins, 33 of whom were ins/del,
and 15 of whom were del/del.

Discussion

We have developed a rapid and efficient method of typ-
ing an insertion/deletion polymorphism in the signal
peptide region of the human apo B gene. With the poly-
merase chain reaction and synthetic oligonucleotides
closely flanking the region of interest, alleles differing by
only nine base pairs were readily distinguishable. One
investigator can easily type 40 samples in a single work
day. In addition to the obvious sensitivity of the PCR, its
speed and simplicity make it superior to traditional
Southern blot analysis for population studies. We also
report the population genetic characteristics of this poly-
morphism including genotype and allele frequencies,
and its segregation in families. Several epidemiological
studies have reported significant associations between
restriction fragment length polymorphisms (RFLPs) in
the apo B gene and hyperlipidemia (see Humphries 1988



Fig. 2. Segregation of the apo B signal peptide insertion/deletion
polymorphism in three families

for a review). However, several studies have also report-
ed no significant association between apo B RFLPs and
lipid levels or disease. Reasons for these discrepancies
are not well understood and are likely to be complex.
We found no significant difference in the frequency of
this polymorphism between the population at large and
a small sample of type Ila hyperlipidemic patients. The
role of this signal peptide variation, if any, in lipid me-
tabolism and cardiovascular disease risk must await fur-
ther investigation.

Curiously, the observed genotype frequencies pre-
sented in Table 1 are significantly different from those
expected assuming Hardy-Weinberg equilibrium (x> =
10.4, 1df). Without supporting evidence, we do not be-
lieve this deviation is due to selection. Initially, we sus-
pected technical laboratory reasons. We have retyped
over 100 individuals and corroborated their genotype
designation. The observed Mendelian inheritance (Fig.
2, Table 2) also does not support this methodological
hypothesis. We have typed a second sample of 93 unre-
lated individuals from this same population. The geno-
type frequencies of this second sample do not differ from
Hardy-Weinberg expectations. In addition, we have typed
five other polymorphic loci in the apo B gene in this
same sample of families, and their genotype frequencies
were each in accordance with Hardy-Weinberg expec-
tation. We have also typed an independent sample of
194 unrelated Mexican-American individuals from Starr
County, Texas, USA and these frequencies were also in
Hardy-Weinberg equilibrium (data not shown). It is for
these reasons that we believe that in the sample of par-
ents from Nancy, France, the deviation of the insertion/
deletion genotype frequencies from Hardy-Weinberg ex-
pectations is due to chance.

Apo B, as with most proteins, is synthesized initially
in precursor form with an NH,-terminal signal peptide
sequence (Yang et al. 1989). This signal peptide is co-
translationally cleaved off during transport of the poly-
peptide from the site of synthesis to the endoplasmic re-
ticulum. The role of the signal peptide sequence in the
transport process can be divided into three stages: entry
into the pathway, translocation across the membrane,
and release on the opposite side (Randall and Hardy
1989). Information specifying the correct cellular locali-
zation often resides in the signal peptide. Any modifica-
tion in the signal peptide sequence may provoke irregu-
lar protein processing (e.g., Angele et al. 1989). Signal
peptides containing mutations that decrease the efficien-
cy of export have been characterized for some export
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proteins {e.g., Benson et al. 1985). Such mutations may
affect the three-dimensional structure or the hydropho-
bicity of the leader peptide, which has a crucial role in
membrane translocation. To our knowledge, this apo B
signal peptide polymorphism is the only such mutation
described in humans. Further studies on the role of this
variation on apo B synthesis and metabolism, and its ef-
fect on lipid levels will shed light on the role of signal
peptides in protein function and metabolism.
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