
1232 Letters to the Editor

betic subtype associated with a mutation in mitochondrial
DNA. Horm Metab Res 29:50–55

Manfredi G, Vu T, Bonilla E, Schon EA, DiMauro S, Arnaudo
E, Zhang L, et al (1997) Association of myopathy with large-
scale mitochondrial DNA duplications and deletions: which
is pathogenic? Ann Neurol 42:180–188

Poulton J, Deadman ME, Bindoff L, Morten K, Land J, Brown
G (1993) Families of mtDNA re-arrangements can be de-
tected in patients with mtDNA deletions: duplications may
be a transient intermediate form. Hum Mol Genet 2:23–30

Reardon W, Ross RJ, Sweeney MG, Luxon LM, Pembrey ME,
Harding AE, Trembath RC (1992) Diabetes mellitus asso-
ciated with a pathogenic point mutation in mitochondrial
DNA. Lancet 340:1376–1379

Schon EA, Rizzuto R, Moraes CT, Nakase H, Zeviani M,
DiMauro S (1989) A direct repeat is a hotspot for large-
scale deletion of human mitochondrial DNA. Science 244:
346–349

Shoffner JM, Lott MT, Voljavec AS, Soueidan SA, Costigan
DA, Wallace DC (1989) Spontaneous Kearns-Sayre/chronic
external ophthalmoplegia plus syndrome associated with a
mitochondrial DNA deletion: a slip-replication model and
metabolic therapy. Proc Natl Acad Sci USA 86:7952–7956

Tengan CH, Moraes CT (1998) Duplication and triplication
with staggered breakpoints in human mitochondrial DNA.
Biochim Biophys Acta 1406:73–80

van den Ouweland JM, Lemkes HH, Ruitenbeek W, Sandkuijl
LA, de Vijlder MF, Struyvenberg PA, van de Kamp JJ, et al
(1992) Mutation in mitochondrial tRNA(Leu)(UUR) gene
in a large pedigree with maternally transmitted type II di-
abetes mellitus and deafness. Nat Genet 1:368–371

Address for correspondence and reprints: Marie-Laure Martin Negrier, La-
boratoire d’Anatomie Pathologique, CHR Pellegrin, 33076 Bordeaux, Cedex,
France. E-mail: mlmartin@hippocrate.u-bordeaux2.fr

�1998 by The American Society of Human Genetics. All rights reserved.
0002-9297/98/6304-0041$02.00

Am. J. Hum. Genet. 63:1232–1234, 1998

Reply to Inglehearn

To the Editor:
In our article “Localization of a Novel X-Linked Pro-
gressive Cone Dystrophy Gene to Xq27: Evidence for
Genetic Heterogeneity” (Bergen and Pinckers 1997), we
presented evidence favoring a location, on Xq27, for a
cone dystrophy gene. This localization is questioned by
Dr. Inglehearn (1998) in his letter “LOD Scores, Loca-
tion Scores, and X-Linked Cone Dystrophy.” Although
Dr. Inglehearn makes a good (methodological) point, we
feel that the majority of his criticism is not justified.

Clearly, as Dr. Inglehearn states correctly, figure 2 in
our previous article (Bergen and Pinckers 1997) shows
a picture of the multipoint location scores rather than

of the multipoint LOD scores. Although the presentation
of location scores instead of multipoint LOD scores is
not wrong in itself, it is rather unconventional and there-
fore confusing. Thus, we agree that, with regard to a
multipoint location score of 10.8, the calculated mul-
tipoint LOD score is indeed 2.35. Obviously, for X-chro-
mosomal disorders, the latter score is still considered to
be significant.

Subsequently, Dr. Inglehearn calculates, on the basis
of the data presented, multipoint (maximum?) LOD
scores of 3.38 and 2.46 at DXS998, using different
LOD-score strategies. Unfortunately, additional calcu-
lations for other markers are not given. Both these LOD
scores for DXS998 are higher than the true multipoint
LOD scores calculated by us (maximum LOD score
[Zmax] of 2.35). Thus, in our article (Bergen and Pinckers
1997), our calculation of LOD scores and our choice of
parameters were in fact very conservative. Therefore, the
assertion by Dr. Inglehearn (1998) that “these data do
indeed suggest a locus for X-linked cone dystrophy in
this region but with rather less significance than Bergen
and Pinckers have stated” (p. 900) is not justified. Most
likely, the true findings for the Zmax score at DXS998
are somewhere within the range 2.35–3.38.

Dr. Inglehearn states that a second weakness of the
article is the order and placement of markers used in the
multipoint linkage analysis. However, this assertion is
based on out-of-date and incomplete genetic maps of the
region, as indicated by the references to literature pub-
lished in 1992 and 1994 (NIH/CEPH Collaborative
Mapping Group 1992; Gyapay et al. 1994), and there-
fore is not justified. Much more recent and up-to-date
consensus maps (Dib et al. 1996) place DXS998 ∼15
cM from the distal tip of the X chromosome and at least
7 cM proximal to the red cone pigment (RCP)/green
cone pigment (GCP) gene cluster.

In addition, in our article (Bergen and Pinckers
1997), data on two additional markers, DXS297 and
DXS1123, are presented. Both DXS297 and DXS1123
reveal higher (maximum two-point) LOD scores of 2.54
and 2.60, respectively, without recombination with
COD2, but these markers are ignored in the comments
by Dr. Inglehearn. Most likely, on the basis of recom-
bination counting, haplotype analysis, and marker-to-
marker analysis, both DXS297 and DXS1123 are part
of a cosegregating haplotype, together with DXS998 and
COD2. Although DXS297 and DXS1123 are not pres-
ent on the CEPH/Généthon consensus maps, at least two
independent reports in the literature (Richards et al.
1991; Donnelly et al. 1994) place DXS297 proximal to
the fragile X site, which is located on Xq27.3 (Dib et
al. 1996). Similar, although somewhat weaker, evidence
can be found for DXS1123. In contrast, the RCP/GCP
gene cluster is located on Xq28. In conclusion, there is
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convincing evidence that the marker order used by us
in our previous study is the (most) correct one.

On the basis of the likelihood data only (also see
above), sufficient evidence for the “most likely” presence
of a COD2 locus on Xq27 already existed; however,
special additional attention was given to markers sur-
rounding the RCP/GCP locus on Xq28, in view of the
relatively close genetic distance between COD2 and the
RCP/GCP cluster. Thus, the markers that very closely
flank (0.5 cM each) the RCP/GCP gene cluster—namely,
DXS8103 and DXS8069—were used. Again, this infor-
mation can be obtained easily by detailed study of recent
genetic databases.

On the basis of haplotype analysis only, the involve-
ment of RCP/GCP in this pedigree is very unlikely. Mark-
ers DXS8103 and DXS8069 are only 1 cM apart and
cosegregate with markers DXS52 and DXS1113, with-
out recombination in the pedigree, when the fewest num-
ber of recombination events are assumed (see fig. 1 in
Bergen and Pinckers 1997). If the RCP/GCP gene cluster
is involved in the X-linked progressive cone dystrophy
(XLPCD) in this pedigree, a double recombination event
would be assumed to have occurred between DXS8103
and DXS8069 (potentially revealed by the haplotype of
individual III-13/16). From multiple studies reported in
the literature and from our own segregation data of hun-
dreds of families, we know that such double recombi-
nation events on such a short stretch of DNA are ex-
tremely rare and occur in !0.1% of cases. Theoretically,
without consideration of genetic interference down-reg-
ulating recombination of closely linked loci, the “risk
for a double recombination” could be calculated as fol-
lows: (the chance of the first recombination occurring
in 1 cM) # (the chance of the second recombination
occurring in 1 cM) # (the number of meiosis in which
these recombinations potentially could occur). If we as-
sume that, in our pedigree, these recombinations could
have taken place in ∼5 meioses, which is the number of
female meiosis between the two larger branches of the
pedigree, then the overall risk for a double recombina-
tion not detected by our DNA analysis would be

, or 0.25%. If we consider.01 # 5 # .01 # 5 � .0025
“genetic interference,” this figure most likely drops to
X0.1%, which is the figure given above. In conclusion,
on the basis of haplotype data and risk calculations, the
chance that RCP/RCG is involved in XLPCD in our
pedigree is X1:1,000.

Given the complete cosegregation of both DXS8103
and DXS8069 with both DXS1113 and DXS52, two-
point LOD scores for the first two markers and XLPCD
are similar to those for the last two markers, which are
given in our previous article (Bergen and Pinckers 1997).
At a recombination fraction (v) of .00, the LOD scores
were �3.40 (DXS8103) or �4.26 (DXS1113). For the
same markers, Zmax is reached at (LOD scorev � .05

1.22) and at (LOD score 0.57), respectively. Ifv � .10
equal distances between RCP/GCP and both DXS8103
and DXS8069 (0.005 cM each) are assumed, the
LOD scores would be 0.46 (DXS8103) and �0.377
(DXS8069) more than those for RCP/GCP.

Similar low(er) or negative LOD values are obtained
with multipoint linkage analysis, with different combi-
nations of various markers and RCP/GCP, different pa-
rameters, and different LOD-score strategies. Given the
fact that markers at the Xq27 cluster (DXS998,
DXS1123, and DXS297) reach a multipoint Zmax of
∼2.5, the markers at RCP/GCP should reach multipoint
LOD scores of 11.5 in order to be significant, according
to the so-called rule. Instead, ZmaxZ � 1 LOD unitmax

scores at the RCP/GCP cluster remained !0.5. Thus, by
statistical means, the involvement of the RCP/GCP clus-
ter was excluded in this pedigree.

On the other hand, the involvement of a rare and
spontaneous Xq27/Xq28 dislocation or abnormal du-
plication(s) of the RCP/GCP gene cluster (as have been
described elsewhere) or of other rearrangements further
away from the RCP/GCP cluster or even other genetic
mechanisms involved in the XLPCD in this pedigree
could not and cannot yet be excluded. To obtain initial
evidence for the exclusion of these hypotheses, however,
Southern analysis with RCP/GCP cDNA was performed,
and no structural abnormalities were found. Although
this data alone does not exclude the involvement of RCP/
GCP, they do suggest that involvement of RCP/GCP is
even less likely, when considered in the context of the
evidence that we obtained earlier.

The authors welcome the suggestion by Dr. Inglehearn
that mutations or rearrangements upstream of the RCP/
GCP locus possibly could be implicated in this XLPCD
family, although our data suggest that such a genomic
abnormality must be very much further away than the
43 kb mentioned. In conclusion, although the possible
involvement of (regulatory elements of) the RCP/GCP
gene cluster in the described XLPCD pedigree certainly
is worth further investigation, the evidence accumulated
thus far suggests the presence of a separate and distinct
XLPCD locus, on Xq27.
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mtDNA Suggests Polynesian Origins in Eastern
Indonesia

To the Editor:
mtDNA evidence has previously been interpreted as pro-
viding strong support for a model of rapid expansion
of the Polynesian peoples from a homeland in Taiwan
or southern China ∼6,000 years ago into the remote
Pacific. Here, we argue that the evidence is consistent
with an alternative view, namely, that the Polynesian
expansion originated within the Indonesian archipelago.

Several studies have been published concerning the
settlement of the remote Pacific that use the phylogeo-
graphic analysis of mtDNA, either large-scale sampling
and control-region sequence analysis (Lum et al. 1994;
Redd et al. 1995; Sykes et al. 1995) or sequence-specific
oligonucleotide analysis (Melton et al. 1995). These have
distinguished two main hypotheses concerning Polyne-
sian origins. The first hypothesis, often referred to some-
what incongruously as the “express train to Polynesia”
(Diamond 1988), was proposed by Bellwood (1991,
1997). This suggests that the Polynesians originated in
a demic expansion of Austronesian-speaking agricultur-
alists from the southern China mainland, ∼6,000 years
ago, and spread successively to Taiwan, the Philippines,
eastern Indonesia, and then Melanesia, reaching Fiji by
∼3,500 years ago and radiating across the Pacific to fill
the Polynesian triangle by ∼1,000 years ago. They would

have absorbed and replaced the local hunter-gatherer
populations in Southeast Asia, who would have been of
Australo-Melanesian ancestry. The principal alternative
view, argued by Terrell (1986), is that the Polynesians
evolved locally in Melanesia or, at least, within the voy-
aging corridor between the mainland and the Solomon
Islands, defined by Irwin (1992).

Melton et al. (1995) and Redd et al. (1995) analyzed
the history of a COII/tRNALys intergenic 9-bp deletion
by means of a suite of characteristic control-region tran-
sitions at positions 16189, 16217, 16247, and 16261 of
the first hypervariable segment (according to the Cam-
bridge Reference Sequence; Anderson et al. 1981). They
referred to this as the “Polynesian motif,” because of its
high frequencies in Polynesia, despite its occurrence far-
ther west (Hagelberg and Clegg 1993; Redd et al. 1995).
They traced the origin of this motif to Taiwan and pro-
posed that this represented the Polynesian homeland, in
line with the Bellwood (1997) hypothesis, while ac-
knowledging that the motif itself probably arose in east-
ern Indonesia. Sykes et al. (1995) agreed in tracing the
origin of the motif to Taiwan but also pointed out that
the lack of the motif in Taiwan, Borneo, and the Phil-
ippines might complicate the issue. In addition, they
pointed out, along with Lum et al. (1994), that some-
what !5% of Polynesians had control-region sequences
derived from Melanesia. Furthermore, Sykes et al.
(1995) distinguished a third hypothesis, proposed by
Heyerdahl (1950), suggesting that Polynesian ancestry
may have been from South America, a view that received
little or no support from the mitochondrial evidence
(Sykes et al. 1995; Bonatto et al. 1996).

Although the evidence is therefore strong that Poly-
nesians derive most of their maternal lineages from
Southeast Asia, a fourth hypothesis has received little
attention. This view, in contrast to the “express train”
model of an agricultural expansion from Taiwan, sug-
gests that the Austronesian speakers originated neither
in southern China nor in Taiwan but toward the center
of island Southeast Asia, in the vicinity of the Sulawesi-
Mindanao region of the Philippines and Indonesia (Sol-
heim 1994) or perhaps over the entire region of island
Southeast Asia in which Austronesian languages are now
spoken (Meacham 1984–85). This would suggest that
the extant inhabitants of island Southeast Asia were the
descendants of earlier Pleistocene settlers rather than
of Neolithic people from the mainland. Meacham
(1984–85) cites the paucity of extant Austronesian
speakers on the southern Chinese mainland—or, indeed,
any historical evidence for their existence there—in sup-
port of this view. There is also anthropometric evidence
that Polynesians closely resemble island Southeast Asian
populations but not aboriginal Taiwanese or southern
Chinese populations (Pietrusewsky 1997).

Combining the published mitochondrial evidence al-
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