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Summary

A study was undertaken to characterize the mutation(s) responsible for Tay-Sachs disease (TSD) in a Cajun
population in southwest Louisiana and to identify the origins of these mutations. Eleven of 12 infantile TSD
alieles examined in six families had the P-hexosaminidase A (Hex A) a-subunit exon 11 insertion mutation
that is present in approximately 70% of Ashkenazi Jewish TSD heterozygotes. The mutation in the re-

maining allele was a single-base transition in the donor splice site of the a-subunit intron 9. To determine the
origins of these two mutations in the Cajun population, the TSD carrier status was enzymatically determined
for 90 members of four of the six families, and extensive pedigrees were constructed for all carriers. A single
ancestral couple from France was found to be common to most of the carriers of the exon 11 insertion.
Pedigree data suggest that this mutation has been in the Cajun population since its founding over 2 centuries
ago and that it may be widely distributed within the population. In contrast, the intron 9 mutation apparently
was introduced within the last century and probably is limited to a few Louisiana families.

Introduction

Infantile Tay-Sachs disease (TSD) is a lethal autoso-
mal recessive lysosomal storage disorder caused by
mutations in the a-subunit of the enzyme I-hexos-
aminidase A (Hex A) (Okada and O'Brien 1969).
While the TSD carrier frequency is approximately 1
in 167 in the general population, it is markedly in-
creased in a few groups, most notably, the Ashkenazi
Jews and non-Jewish French Canadians from south-
eastern Quebec (Andermann et al. 1977; Peterson et
al. 1983). Within 3 decades, eight infants from six
Cajun families in southwest Louisiana have been diag-
nosed with TSD. Of these, four apparently unrelated
affected infants were born in the last 10 years. Al-
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though the carrier frequency ofTSD in the Cajun pop-
ulation of Louisiana is unknown, the occurrence of so
many affected infants in a population of less than 1
million (Rushton 1979, p. 3; Smith 1990) suggests
that it may be increased over that in the general popu-
lation. The Cajun community of southwest Louisiana
was founded in the 18th century, primarily by French
Acadians expelled from the Canadian colony of Aca-
dia, located in present-day Nova Scotia and Prince
Edward Island (Rushton 1979, pp. 23-57). In addi-
tion, Spanish settlers, French militia who moved to
Louisiana from Alabama in 1763, and Germans who
emigrated from the Palatinate, Alsace, Lorraine, and
Switzerland also contributed to this region's popula-
tion (Deiler 1909; Vidrine 1985). The original Cajun
communities had relatively high rates ofconsanguinity
and remained isolated, to a large degree, until the 19th
century (Thurmond and DeFraites 1974).
We report the presence of two different infantile

TSD mutations in six families from southwest Louisi-
ana. The presence of more than one mutation for this
rare disorder in a geographically isolated population
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was unexpected. Extensive pedigree data were ana-
lyzed to determine both how long these mutations
have been in the Cajun population and their geo-
graphic origins. The implications for health care within
this community are discussed.

Material and Methods

Characterization of the TSD Mutations

PCR and DNA sequencing.-Five classical TSD pro-
bands were identified by enzyme analysis in the Cajun
population, within the last 20 years. Genomic DNA
from the probands was isolated from fibroblasts by
standard methods (Sambrook et al. 1989). DNA also
was extracted from the peripheral blood of the parents
(obligate heterozygotes) of three siblings presumed,
on the basis of clinical presentation, to have TSD
in the 1960s. (No biochemical data were available
for these siblings.) Exon 9 and flanking intron se-
quences of the Hex A a-subunit were amplified
by PCR (5'-CAGGCATTAGGCTTTCAGGA-3' and
5'-GGCCTGACTCGGTATGGAAA-3'), as were exon
11 and flanking intron sequences (5'-ACTGCCA-
TTTGACCTTTTTA-3' and 5'-CCATCCTGTGGC-
CCAACCCA-3'), by using Amplitaq DNA polymer-
ase under conditions specified by the manufacturer
(Perkin Elmer Cetus). PCR products were sequenced
directly by the dideoxy chain termination method of
Sanger et al. (1977).

Determination of exon II heterozygotes by heteroduplex
formation. -Heterozygosity for the exon 11 insertion
mutation was determined by evaluation of hetero-
duplex formation of exon 11 PCR products (Shore
and Myerowitz 1990). The Hex A a-subunit exon 11
was amplified from genomic DNA according to the
method described above, was fractionated on a 3%
agarose minigel, and was stained with ethidium bro-
mide. DNA was visualized with UV light.

Restriction-enzyme analysis of intron 9 donor splice site
mutation.-The G--A transition at position + 1 of in-
tron 9 creates a new NlaIII site. As no other NlaIII site
occurs in the exon 9 PCR product, NlaIII digestion of
a normal exon 9 sequence does not change the size of
the 221-bp PCR product observed on a 2% Nusieve/
1% agarose minigel, when stained with ethidium bro-
mide. Presence of the mutation allows the enzyme to
cut the PCR product into two fragments of 144 bp and
77 bp. A heterozygote for this mutation would show
three bands: the larger, 221-bp band representing the
allele that is normal in the exon 9 region and the two

smaller bands representing the allele with the intron 9
mutation.

Genealogical Evaluation of TSD Heterozygotes

Identification of TSD heterozygotes. -To determine
TSD carrier status, Hex A activity was assayed, in
serum or leukocytes, for 90 relatives in families 3-6
by a modification of the heat inactivation assay de-
scribed by Kaback (1973) and Shapira et al. (1989,
pp. 30-33). DNA extracts from all study participants
also were analyzed by heteroduplex analysis for heter-
ozygosity of the exon 11 insertion mutation.

Collection of pedigree data. -Pedigrees were con-
structed for the 12 obligate TSD heterozygotes from
six apparently unrelated Cajun families. Pedigrees
were elicited through personal interviews with family
members. The pedigrees of eight obligate heterozy-
gotes, seven having the exon 11 insertion and one
having the intron 9 mutation, were expanded through
searches of church and civil records of Louisiana, his-
torical accounts, and published family histories (Deiler
1909; Tanguay 1969; Hebert 1974, 1978; Catholic
Diocese of Baton Rouge 1978; Jehn 1980; Conrad
1981; Robichaux 1981; Sandefur and Whittington
1982; Vidrine 1985).

Results

Characterization of TSD Alleles

Eleven ofthe 12 TSD alleles from six different Cajun
families were found to carry a 4-bp insertion in exon
11. Direct sequencing of PCR-amplified Hex A a-sub-
unit exon 11 indicated that the probands in families
1-4 were homozygous for the sequence TATC in-
serted at nucleotide position 1278 (fig. 1, top). This
insertion is a repeat of the four nucleotides preceding
it and is the most common infantile TSD mutation
in the Ashkenazi Jewish population. Although DNA
from the affected members of family 6 was not avail-
able, heteroduplex analysis revealed that the parents
(obligate heterozygotes) carried the exon 11 insertion
(fig. 1, left).
The proband in family 5 was found to be a com-

pound heterozygote, having one allele with the normal
exon 11 sequence and one allele that has the four-base
insertion (fig. 1, top). Heteroduplex analysis of exon
11 PCR products indicated that her paternal relatives
were carriers ofthe insertion mutation. DNA sequence
analysis of exon 9 and flanking intron sequences from
the proband of family 5 revealed that the remaining
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Figure I Top, Sequence analysis of Hex A a-subunit exon
11 in probands 4 and 5..The inserted nucleotides TATC (at position
1278) in both alleles from proband4 and in one allele from proband
5 are indicated with capital letters. Left, Heteroduplex analysis of
Hex A a-subunit exon 11 from the obligate heterozygotes in family
6. DNA from a normal control (lane 1) yields a 268-bp product on
PCR amplification. DNA from the mother and father of affected
children (lanes 2 and 3, respectively) produces doublets, the result of
heteroduplexes formed during amplification between normal DNA
strands and those with the 4-bp insertion.

TSD allele is a G-IA transition at position + 1 of in-
tron 9, changing the invariant GT of the donor splice
site to AT. NlaIII digestion of the exon 9 PCR product
yielded three bands of 221 bp, 144 bp, and 77 bp,
a result consistent with heterozygosity for the G-IA
transition in intron 9 ( + 1) (fig. 2).

Pedigree Data

Pedigrees extending up to 16 generations were con-

structed for seven of the obligate TSD carriers who
were heterozygous for the exon 11 mutation. Relatives
shown, by enzyme and molecular analysis, not to be
carriers of the exon 11 insertion were excluded from
the pedigrees. The seven obligate carriers were born
within 70 miles of each other in Allen, Acadia, Jeffer-
son Davis, and Lafayette Parishes of southwest Louisi-
ana. For six of the seven exon 11 insertion carriers, all
ancestors were from families that have been in south-
west Louisiana at least since the 1850s. The majority
of these ancestors came to the area between the mid-
1700s and 1800. In addition to Cajun relatives who

came to Louisiana 2 centuries ago, the remaining in-
sertion carrier has relatives from England, Ireland,
and Wales, who did not come to Louisiana until the
late 1800s.
A single ancestral couple was identified that was

common to five of the seven obligate carriers forwhom
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Figure 2 NlaIII digestion of PCR-amplified DNA from Hex
A a-subunit exon 9/intron 9 junction. Digestion does not alter the
size of the 221-bp PCR product from a normal control (lane 1).
Digestion of DNA from proband 5 (lane 2) produces three frag-
ments- 221 bp, 144 bp, and 77 bp-indicating that proband S is
heterozygous for the exon 9 mutation.
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b. Palermo, Sicily

b. New Orleans

FAMILY 5

Figure 4 Pedigree of maternal line of family 5. Half-striped
figures are exon 9 mutation heterozygotes. The half-shaded figure
is an exon 11 insertion mutation heterozygote. The pedigree was

produced by Pedigree/Draw (Mamelka et al. 1987).

extensive pedigree data were available (fig. 3). The
remaining two obligate carriers have relatives with
surnames indicating relationship to this couple, al-
though the exact nature of the relationship could not
be documented. This common ancestral couple is not
known to be Jewish and came to Louisiana, from
France, in the early 1700s. A four-generation pedigree
was constructed for the maternal line of family 5, in
which the intron 9 mutation is present (fig. 4). The
earliest members of this family to arrive in Louisiana
came approximately 100 years ago, and the remaining
branches of the family have been in the area approxi-
mately 30 years. This family was not ofCajun ancestry
but, rather, of Sicilian and unidentified European ori-
gins. Because additional pedigree and TSD-carrier-
status information is unavailable for individuals in the
third generation of family 5, the possible geographic
origin of the intron 9 mutation cannot be determined.

To date, the intron 9 mutation has not been identified
in any other Cajun families.

Discussion

Two different infantile TSD alleles were found to
be present in the Cajun population of southwest Loui-
siana. One, the exon 11 4-bp insertion, accounted for
92% (1 1/ 12) of abnormal alleles investigated. This
insertion mutation is found in 70% ofAshkenazi TSD
carriers, as well as in 16% of non-Jewish TSD carriers
(Paw et al. 1990; Triggs-Raine et al. 1990). The re-
maining abnormal allele observed was a G-oA transi-
tion at position + 1 of intron 9 (Akli et al. 1991).
The ability to trace most relatives of the obligate

TSD carriers to the first family members who arrived
in Louisiana provided a basis upon which to estimate
the length of time that the two TSD mutations had
been in the Cajun population. The families of six of
seven exon 11 insertion carriers for whom extensive
pedigree information was available had been in south-
west Louisiana since 1850 or earlier. The remaining
family had relatives who had been in southwest Louisi-
ana since its founding 2 centuries ago, as well. There-
fore, the exon 11 insertion mutation has been in south-
west Louisiana since 1850 and probably since the
founding of the Cajun community. Such a long period
oftime would have given this mutation an opportunity
to become widely distributed throughout the popula-
tion. Carriers no longer would necessarily be closely
related, and at-risk individuals might not be recogniz-
able by their surnames. The intron 9 mutation appears
to have entered the Cajun population only recently,
thereby accounting for its reduced frequency relative
to the exon 11 insertion.
The cause of the increased frequency ofTSD among

Ashkenazi Jews, whether from founder effect, hetero-
zygote advantage, random drift, or a combination of
these, has been debated (Chase and McKusick 1972;
Myrianthopoulos et al. 1972; Spyropoulos et al.
1981). It has been suggested that the presence of multi-
ple mutations points to heterozygote advantage as the
mechanism for elevated infantile TSD gene frequen-
cies in the Ashkenazi population (Myerowitz 1988).
Either founder effect or genetic drift normally would
result in the elevated frequency of a single mutation.
However, it may not be necessary to invoke heterozy-
gote advantage to explain the elevated frequency of
multiple TSD alleles in population isolates. That
founder effect is responsible, in part, for the increased
occurrence ofTSD in the Cajun population is strongly

1075



1076 McDowell et al.

suggested by two findings: (1) unlike the intron 9 mu-
tation, the exon 11 insertion probably existed in the
founding Cajun population of southwest Louisiana,
and (2) a single couple has been identified that is com-
mon to a majority and perhaps all of the exon 11
carriers for whom extensive pedigree data are avail-
able. The Cajun population of southwest Louisiana
could serve as a model to illustrate how founder effect
and random genetic drift can result in a clustering of
multiple TSD alleles within a single population.
Of practical importance to the community is the

possibility that the exon 11 insertion is distributed
beyond a few specific families in southwest Louisiana.
A preliminary enzymatic screen of 230 individuals in
Acadia Parish, Louisiana, indicated that the TSD car-
rier frequency in this community is increased over that
in the general population, perhaps as much as 10-fold
(data not shown). Specific TSD alleles and their fre-
quencies were not determined, as DNA was not avail-
able from the screening participants. TSD carrier
screening of the Louisiana Cajun population, similar
to that in the Ashkenazi Jewish population, should
be considered (a) to determine the significance of the
public health problem presented by TSD and (b) to
identify the specific communities within the Cajun
population that are at risk.
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