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al. 1994). Furthermore, cases of reverse mutation with
contraction to normal size have been rarely observed in
myotonic dystrophy (Brunner et al. 1993) and in fragile
X syndrome (Antifiolo et al. 1996).
The GAA repeat size on FRDA alleles showed a nega-

tively skewed distribution, with the majority of chromo-
somes having shorter allele length than the mode (Filla
et al. 1996). The prevalence of contractions on expan-
sions is consistent with this kind of distribution. The
major factor determining contraction of FRDA alleles is
paternal transmission. In our sample, all fathers transmit
shortened or unvaried alleles to their children. These
data were also confirmed by sperm DNA analysis. In all
three cases, the amplification of the FRDA gene from
sperm yielded a diffuse array of shorter products in com-
parison with blood. To test preferential amplification of
the shortest alleles, we added increasing amounts of
blood DNA to sperm DNA during amplification. We
could detect the longest alleles at 20% of blood DNA
concentration. We suggest that the majority of the ga-
metes carry alleles shorter than blood, but we are unable
to define their size distribution. Parental gender effect
on repeat length variation has been described in other
triplet diseases, occurring on male transmission in CAG
repeat diseases and female transmission in fragile X syn-
drome and myotonic dystrophy. Parental gender effect
is more evident in FRDA, apparently conditioning the
direction of the variation. Also, GAA repeat size affected
instability, since the tendency to expand was more pro-
nounced in the maternal shortest alleles. Further analy-
ses on larger samples are needed to clarify the role of
allele size on its variability.

In this study, we found no association between ex-
tended haplotypes of the region and FRDA allele ten-
dency to expand or to contract. In addition, the analysis
of several instances of intergenerational transmission of
the same allele confirms that the parental gender effect
is more important than the putative effect of cis-acting
elements.

In summary, our data suggest that (i) the FRDA GAA
repeat is highly unstable during meioses, (ii) contrac-
tions outnumber expansions, (iii) both parental source
and sequence length are important factors in variability
of FRDA expanded alleles, and (iv) the tendency to con-
tract or expand does not seem associated with particular
haplotypes. The emerging picture of FRDA gene vari-
ability seems to be different from that proposed for other
triplet diseases.
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Contamination of Sequence Databases with Adaptor
Sequences

To the Editor:
Because of the exponential increase in the amount of
DNA sequences being added to the public databases on
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a daily basis, it has become imperative to identify
sources of contamination rapidly. Previously, contami-
nations of sequence databases have been reported, to
alert the scientific community to the problem (Anderson
1993; Binns 1993; Gersuk and Rose 1993; Kessin and
Van Lookeren Campagne 1993; Dean and Allikmets
1995). These contaminations can be divided into two
categories. The first category comprises host sequences
that have been difficult for submitters to manage or con-
trol. Examples include anomalous sequences derived
from Escherichia coli, which are inserted into the chro-
mosomes (and plasmids) of the bacterial hosts (Binns
1993). Insertion sequences are highly mobile and are
capable of transposing themselves into plasmids during
cloning manipulation. Another example of the first cate-
gory is the infection withfyeast genomic DNA (Anderson
1993; Gersuk and Rose 1993) or with bacterial DNA
(Kessin and Van Lookeren Campagne 1993; Dean and
Allikmets 1995) of some commercially available cDNA
libraries from Clontech. The second category of data-
base contamination is due to the inadvertent inclusion
of nonhost sequences. This category includes incorpora-
tion of cloning-vector sequences and multicloning sites
in the database submission. M13-derived artifacts have
been common, since M13-based vectors have been
widely used for subcloning DNA fragments (Lamperti
et al. 1992; Lopez et al. 1992; Reynolds 1994). Recog-
nizing this problem, the National Center for Biotechnol-
ogy Information (NCBI) started to screen, in April 1994,
all sequences directly submitted to GenBank, against a
set of vector data retrieved from GenBank by use of
key-word searches, such as "vector." In this report, we
present evidence for another sequence artifact that is
widespread but that, to our knowledge, has not yet been
reported.

Recently, we examined the 5' UTR of rat orphan re-
ceptor TR4, identified novel sequences, and determined
the genomic organization of the 5'-UTR portion of the
gene (Yoshikawa et al. 1996). During our analysis of
the genomic DNA, we could not find the sequence that
corresponded to the 14 nucleotides (5'-GAATTCGG-
CACGAG-3') contained in the 5' end of a previously
reported rat TR4 cDNA (Chang et al. 1994). When we
screened the GenBank database with this 14-nucleotide
sequence, using the FASTA similarity search, we were
surprised to find that hundreds of cDNA sequences from
both eukaryotes and prokaryotes begin with this oligo-
nucleotide fragment (table 1). Subsequently, we realized
that this oligonucleotide was identical to the EcoRI
adaptor sequence used in the ZAP libraries marketed
by Stratagene. An adaptor is a short, double-stranded
oligonucleotide containing a restriction-enzyme (RE)
recognition site(s). It usually is ligated to both ends of
the cDNA to permit incorporation of the cDNA into a
cloning site of a vector. An adaptor usually carries one
blunt end (which can be ligated to cDNA) and one cohe-

sive terminus (which can be ligated to a compatible ter-
minus in the vector). This experience led us to investigate
the extent of the problem.

In this study, we took the sequences of EcoRI site-
containing adaptors published in catalogs of various
companies and surveyed them for matched cDNA se-
quences in GenBank release 94.0 (April 1996) and in
European Molecular Biology Library (EMBL) release
46.0 (March 1996), using the FASTA program in the
GCG package, with the parameter of word size fixed at
four (interval of six). We displayed the top 1,000 hits
and assorted them according to the following groups,
which are shown in table 1: 5' end versus 3' end, year of
submission, company selling the adaptor, and complete
matches versus partial deletion of RE-site matches.

In table 1, the positive hits are tabulated from 1991
to 1996. Since all the hits appeared after the individual
adaptors were put on the market by company represen-
tatives (see table 1), these figures seem to contain few
fortuitous matches. The total number of cDNAs that
have adaptor sequences in the 5' end is 553, and that
in the 3' end is 175, for a total of 728 matches. The
number of cDNAs in which an adaptor sequence is lo-
cated somewhat internally-that is, the sequence is not
an immediate extension of the extreme 5' end or 3'
end but is located 2-100 nucleotides from an end
amounted to 144 (20%) of 728 total matches. In addi-
tion to 100% matches between adaptor and cDNA se-
quences, there was a sizable number in which the match
began with part or all of the EcoRI site (GAATTC)
deleted, as indicated in table 1. We believe that the con-
tamination at the 3' end of the cDNA originated from
randomly primed cDNA libraries. (If an oligo(dT)-
primed cDNA is used, the 3' sequence has a poly(A)
stretch upstream of an adaptor sequence, thus increasing
the likelihood that the adaptor would not be included in
the submission.) Among the different adaptor sequences
that we examined, the contamination with Stratagene's
ZAP library adaptor was most prominent. This may
reflect the popularity of this library series but also could
be the result of adaptor sequences in some libraries being
unavailable for examination. It is also notable that the
contamination with an adaptor sequence in the 5' end
of cDNA is increasing year by year (table 1).
We maintain that this adaptor contamination is an im-

portant artifact in the gene sequences in GenBank release
94.0 (April 1996) (Benson et al. 1996), for several reasons.
(1) In this study, we have examined only some EcoRI
site-containing adaptor sequences in cDNAs. If we had
examined sequences originating from genomic clones,
other adaptors, linkers, and anchor sequences used in
RACE (rapid amplification of cDNA ends) PCR, the con-
tamination likely would have turned out to be more wide-
spread. (2) The sequence contamination primarily occurs
at a crucial site-the 5' end of the cDNA. The 5' ends of
cDNAs are especially important in the identification of
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transcription-initiation sites and in the study of promoter
regulation and gene organization. (3) When the rapid in-
crease of sequence submission is considered, adaptor con-
tamination likewise will increase rapidly until addressed.
(4) Since very high sequencing accuracy is desired, even
small sources of contamination can have large effects
within the very low allowable-sequencing-error rate. (5)
In terms of the actual number of sequences shown to be
contaminated, this study has demonstrated a much larger
number than have been seen in previous studies-for ex-
ample, 45 sequences in the largest previous study (Lamp-
erti et al. 1992) versus the 553 sequences that we found
at 5' ends.
One way to prevent these contaminations is to add a

query about any adaptor sequence in the sequence-submis-
sion format of BankIt, which is the Internet submission
program developed by NCBI. As shown in this report,
the contaminations of adaptors comprise several categories
and multiple sequences from multiple companies. We real-
ize that, compared with vector sequences, adaptor contam-
ination may be more difficult for the database center to
eliminate automatically at the time of submission, because
of possible random matches with the relatively short adap-
tor sequences. This problem of internal random matches
could be addressed by filtering matches only in the first
few nucleotides on each of the ends. In the absence of an
automatic filtering mechanism as described above, inclu-
sion of an adaptor sequence in a submission can be de-
creased only by the vigilance of each individual submitter.
We believe that alerting the scientific community with

regard to the preponderance of adaptor sequences in
the sequence databases could save time and effort. It is
extremely important that artifactual sequences in the
databases are recognized quickly, particularly since the
Human Genome Project has spawned a tremendous
growth in data submissions, arising from the flurry in
sequencing of entire cDNA libraries, whole chromo-
somes, and whole genomes.

TAKEO YOSHIKAWA, ALAN R. SANDERS,
AND SEVILLA D. DETERA-WADLEIGH
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Bethesda
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