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The Exact Numbers of Possible Microsatellite
Motifs

To the Editor:

Microsatellites can be defined as tandemly repeated DNA
with lengths of repeat units of <6 bp (Litt and Luty 1989;
Beckmann and Weber 1992). Microsatellites have been
shown to be very useful in gene mapping (e.g., see Weber
and May 1989; Weissenbach et al. 1992), because of their
high abundance, widespread distribution, and high hetero-
zygosities in the genomes of various organisms (Stalling et
al. 1991).

Several efforts have been made to study the distributions
and frequencies of microsatellites in the genomes of vari-
ous organisms by searching the existing GenBank se-
quences (Weber and May 1989; Weber 1990; Beckmann
and Weber 1992; Kalaitsidaki et al. 1992). This is even
more important for trinucleotide repeat sequences, since
several diseases (e.g., fragile X syndrome, Huntington dis-
ease, etc.; Riggins et al. 1992) have now been described
to be due to triplet expansions. However, the numbers of
possible microsatellite motifs (repeats) in several publica-
tions are inconsistent with each other (Edwards et al.
1991; Beckmann and Weber 1992; Kalaitsidaki et al.

1992), and this may raise questions on the accuracy of the
results of such study. For example, Beckmann and Weber
(1992) stated that there are 10 trinucleotide motifs and
32 tetranucleotide motifs, while Kalaitsidaki et al. (1992)
showed that there are 14 possible trinucleotide motifs and
56 tetranucleotide motifs. Here we give the exact number
of possible microsatellite motifs and list all those motifs
for mono-, di-, tri-, tetra-, and pentanucleotide microsat-
ellite loci.

Theoretically, there are 4, 16, 64, 256, 1,024, and 4,096
possible motifs for mono-, di-, tri-, tetra-, penta-, and
hexanucleotide repeats, respectively. However, because
microsatellites are tandemly repeated, some motifs are ac-
tually equivalent to others. Two rules can be used to iden-
tify whether motif A is equivalent to motif B. Motif A is
considered equivalent to motif B when (1) motif A is in-
versely complementary to motif B or (2) motif A is differ-
ent from motif B or the inversely complementary sequence
of motif B by frameshift. For example, (GAAA)n is equiva-
lent to (AGAA)n or (AAGA)n, to (AAAG)n or (TTTC)n, to
(TTCT)n or (TCTT)n, or to (CTTT)n. In other words, the
eight motifs are equivalent. Note that (AGAG)n is consid-
ered a dinucleotide motif instead of a tetranucleotide mo-
tif, and the same logic is used to identify the motifs in this
report.
The repeat units and the numbers (in parentheses) of

possible mono-, di-, tri-, tetra-, and pentanucleotide mo-
tifs are listed in the Appendix. The "alphabetically mini-
mal" form of listing, followed in this Appendix, is recom-
mended for a general description of microsatellite repeats,
since it provides uniformity of nomenclature. Further-
more, homology of repeats at different disease loci (e.g.,
CCG in the FRAXA locus vs. GGC in the FRAXE locus)
may be traced by adopting the nomenclature used in this
Appendix. The number of hexanucleotide motifs is 350,
but the repeat units are not listed because of the space
limit (it is available on request). Likewise, theoretical num-
bers of different hepta- and octanucleotide repeat motifs
would be 1,170 and 4,140, respectively.
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Appendix
List of Possible Microsatellite Motifs

Mononucleotide motif (2):
A C

Dinucleotide motif (4):
AC AG AT CG

Trinucleotide motif (10):
AAC AAG AAT ACC ACG ACT AGC AGG
ATC CCG

Tetranucleotide motif (33):
AAAC AAAG AAAT AACC AACG AACT AAGC AAGG
AAGT AATC AATG AATT ACAG ACAT ACCC ACCG
ACCT ACGC ACGG ACGT ACTC ACTG AGAT AGCC
AGCG AGCT AGGC AGGG ATCC ATCG ATGC CCCG
CCGG

Pentanucleotide motif (102):
AAAAC AAAAG AAAAT AAACC AAACG AAACT AAAGC AAAGG
AAAGT AAATC AAATG AAATT AACAC AACAG AACAT AACCC
AACCG AACCT AACGC AACGG AACGT AACTC AACTG AACTT
AAGAC AAGAG AAGAT AAGCC AAGCG AAGCT AAGGC AAGGG
AAGGT AAGTC AAGTG AATAC AATAG AATAT AATCC AATCG
AATCT AATGC AATGG AATGT AATTC ACACC ACACG ACACT
ACAGC ACAGG ACAGT ACATC ACATG ACCAG ACCAT ACCCC
ACCCG ACCCT ACCGC ACCGG ACCGT ACCTC ACCTG ACGAG
ACGAT ACGCC ACGCG ACGCT ACGGC ACGGG ACGTC ACTAG
ACTAT ACTCC ACTCG ACTCT ACTGC ACTGG AGAGC AGAGG
AGATC AGATG AGCAT AGCCC AGCCG AGCCT AGCGC AGCGG
AGCTC AGGAT AGGCC AGGCG AGGGC AGGGG ATATC ATCCC
ATCCG ATCGC ATGCC CCCCG CCCGG CCGCG
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The Y-associated XY275G (Low) Allele Is
Common among the Portuguese

To the Editor:
In previous issues of the Journal, two sets of haplotype and
genotype data at the pseudoautosomal XY275 polymor-
phic site have been reported that presented alternative
views of the origin and spread of modern man. Ellis et al.


