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Multiple Independent Origins of the COII/tRNALYS
Intergenic 9-bp mtDNA Deletion in Aboriginal
Australians

To the Editor:
Most humans have a 9-bp tandem duplication in the
COII/tRNALYS intergenic region of their mitochondrial
genome (Cann and Wilson 1983; Wrischnik et al. 1987).
A deletion of one copy occurs in some populations and
has been used to infer affinities and migration patterns.
We report that 4 of 290 Aboriginal Australians have
this deletion, which has arisen in them independently at
least twice.
The 9-bp deletion occurs at varying frequencies in

some populations in Asia and Oceania (Horai and Mat-
sunaga 1986; Hertzberg et al. 1989; Ballinger et al.
1992; Harihara et al. 1992; Passarino et al. 1993; Tor-
roni et al. 1994; Redd et al., in press) and in most Amer-
indian populations (Schurr et al. 1990; Ward et al. 1991;
Greenberg and Ruhlen 1992; Torroni et al. 1992; Horai
et al. 1993). It occurs in Mongolia and Siberia, but not
in Beringians and some other circum-Arctic populations
(Shields et al. 1992, 1993). In Oceania, the deletion
associates with Austronesian languages and forms a geo-
graphic dine (Hertzberg et al. 1989; Redd et al., in
press). Previously, it has been reported absent in high-
land New Guineans and Aboriginal Australians, who
speak non-Austronesian languages (Hertzberg et al.
1989; Stoneking et al. 1990; Lum et al. 1994).
Wrischnik et al. (1987) suggested that the deletion

arose only once in an ancient Asian population. As sub-
sequently developed, this model explains its distribution
among Asian-derived populations around the Pacific ba-
sin by late-Pleistocene-early-Holocene movement and
expansion of populations (Hertzberg et al. 1989; Stone-
king and Wilson 1989; Cann 1993; Hagelberg and Clegg
1993, 1994; Lum et al. 1994; Redd et al., in press).
It is presumed that modern circum-Pacific populations
lacking the marker either arrived much earlier (Aborigi-
nal Australians and highland New Guineans) or arrived
later from a different source population (Beringians and
Inuit).
We screened a total of 310 individuals for the dele-

tion, comprising 290 Aboriginal Australians and 20
Cantonese (Southern Chinese) from Hong Kong, the lat-
ter representing a population in whom the deletion oc-
curs at a moderate frequency. The Australians group
by place of birth into four populations: 64 from the
Kimberley region of Western Australia, 92 from the
western desert of Western Australia, 85 from the "top
end" (tropical north) of the Northern Territory, and 49
from the central (desert) region of the Northern Terri-
tory. Individuals with known or suspected non-Aborigi-
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nal ancestry were excluded. Where genealogical infor-
mation was available, we avoided screening more than
one individual from a common maternal lineage.

Part of mtDNA region V (Cann and Wilson 1983)
was amplified by PCR from all samples (Wrischnik et
al. 1987). Length variation in the PCR product was
detected by electrophoresis, staining, and UV fluores-
cence. In the first Aboriginal Australian found to have
the fragment length polymorphism (AK27), the deletion
was confirmed by cloning and sequencing the COIIV
tRNALYS intergenic region in both directions.
The deletion occurred in 4 of 156 Aboriginal Austra-

lians from Western Australia: two (AK27 and AK 11 0)
from the Kimberley region and two (AW218 and
AW220) from the western desert population. None of
the 134 individuals screened from the Northern Terri-
tory had the deletion, but it did occur in 4 of the
20 Cantonese (HK3829, HK3850, HK3919, and
HK3992).
The provenance of three of the four Aboriginal Aus-

tralians with the deletion is supported by analysis of
HLA class II haplotypes, determined either by hybridiza-
tion with sequence-specific oligonucleotide probes (Gao
and Serjeantson 1991; Gao et al. 1992) or by restriction
digestion following PCR (Maeda et al. 1989; Nomura
et al. 1991). In the fourth case (AK1110) there was
insufficient genomic DNA to perform HLA typing.
Results were as follows: DRB1 *04, DQA1 *0301,
DQB1*0402 (AK27); DRB1*0405 and DRB1*0408,
DQA1 *0103 and DQA1 *0301, DQB1 *0402 (AW218);
DRB1*1408, DQA1*0101, DQB1*0503 (AW222).
These haplotypes are common among Aboriginal Aus-
tralians, supporting the Aboriginal identity of AK27,
AW218, and AW222.

Control region sequences from 24 individuals (all 20
Cantonese plus the 4 Aboriginal Australians with the
deletion) were obtained by direct sequencing (table 1).
The Kimberley individuals with the deletion (AK27 and
AK 110) have similar sequences, differing at three sites.
The Australian sequences are otherwise quite divergent,
with AK 110 and AW222 differing at 18 sites. For com-
parison, we included two sequences from North Ameri-
can aborigines (Nuu-Cha-Nulth 27 and 28) known to
have- the deletion (Ward et al. 1991).

Horai et al. (1993) identified T-+C transitions oc-
curring at positions 16189, 16217, and 16519 of the
reference sequence (Anderson et al. 1981) that are typi-
cal of carriers of the deletion in Asian-derived popula-
tions; 16519 is outside the region we sequenced. The
four Cantonese with the deletion all had C at 16189,
and two (HK3829 and HK3919) had the C at position
16217. Three of the four Australians with the deletion
lack the C at positions 16189 or 16217. However,
AW222 has C at position 16189; this individual's con-
trol region sequence persistently groups with the six

Asia-Pacific individuals with the deletion (fig. 1). None
of the eight individuals we found with the deletion
shares the "Polynesian motif" comprising the C at posi-
tion 16217, plus G at position 16247 and T at position
16261 (Hagelberg and Clegg 1994; Redd et al., in press).

Phylogenetic analysis was performed on the 26
mtDNA control region sequences using the Phylip 3.5c
(Felsenstein 1993), and Mega 1.01 (Kumar et al. 1993)
suites of programs. On neighbor-joining (NJ) analysis,
the genotypes associated with the 9-bp deletion appear
in three separate clades (fig. 1). These are (1) the two
Kimberley genotypes (AK27 and AK1110) that group
with HK5565, which is not linked to the deletion; (2) a
western desert genotype (AW218) that groups with
three Cantonese genotypes again not associated with the
deletion (HK5633, HK5492, and HK5656); and (3),
another western desert genotype (AW222) that groups
with the six Asian-derived genotypes that do have the
deletion (four Cantonese plus two Nuu-Cha-Nulth).

Other methods persistently gave the same three
clades. These methods included an NJ tree using the
gamma distance correction of Tamura and Nei (1993)
and maximum parsimony analysis. A branch-and-bound
search (Hendy and Penny 1982) of 1 x 106 trees from
a 12-member subset representative of major branches
(HK3829, HK3843, HK3850, HK3918, HK3960,
HK5505, HK5565, NCN28, AK27, AK1110, AW218,
and AW222) found 15 equally parsimonious solutions
(56 steps), none of which united the three clades. A
maximum-likelihood analysis on the same subset gave
similar results. However, analysis of log-likelihood val-
ues of defined trees uniting all or any two of the clades
failed to demonstrate statistical significance.

Sequences from AK27 and AK1110 group together
in 1,000 bootstrap replications, applying both NJ and
maximum parsimony algorithms in Phylip 3.5c to all 26
sequences. This pair never grouped in any tree with ei-
ther AW218 or AW222 nor with the six Asian-derived
individuals with the deletion; this indicates a common
and independent origin for the deletion in this Kimberley
clade. In all bootstrapped trees, the AW218 genotype
never grouped with either the Kimberley clade or
AW222 but associated with Cantonese genotypes that
lack the deletion. This suggests a second independent
origin among Aboriginal Australians.

In the Phylip bootstrap analysis, the AW222 genotype
never grouped with the other three Aboriginal Austra-
lians and always grouped with the six Asian-derived
genotypes with the deletion. However, the place of
AW222 as an outgroup to the other six members of
this group was not robust on bootstrapping, nor on
maximum-likelihood analysis. MEGA 1.01 (Kumar et
al. 1993) uses a bootstrap algorithm different from Phy-
lip. Using MEGA, both the bootstrap value (gamma dis-
tance, y = 0.5; Tamura-Nei algorithm) and the confi-
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Figure 1 Unrooted NJ tree (Saitou and Nei 1987) comparing
26 mtDNA control region sequences from positions 16024 to 16400
of the reference sequence. OTUs are the same as for table 1. Branches
drawn with heavy lines lead to sequences associated with the 9-bp
deletion in region V. These sequences are found in three distinct clades,
separated by branches leading to Asian-derived sequences not associ-
ated with the deletion. Distances were calculated by Kimura's two-
parameter method (Kimura 1980), with transitions/transversions (t)
= 15; varying t between 5 and 45 did not affect topology. The terminal
branches to NCN27 and HK5551 are not significantly longer than
zero; the latter sequence is at the base of an apparent trifurcation to
HK3843, HK3853, and HK3968.

dence probability (Kimura two-parameter distance) for
monophyly among those six sequences was 50%.

This result has several possible interpretations. If the
AW222 mitochondrial genotype does form part of the
major Asian-derived clade, then it may represent either
an ancient divergence or a later introgression, or both.
Alternatively, the few shared variable sites described
above could represent homoplasy in a region with
known high rates of mutation; in this case, AW222
could represent a third independent origin for the dele-
tion. Table 1 shows that these seven sequences only
share a T-+C transition at position 16189 and that
AW222 also shares an A-+C transversion at 16183 with
the four Cantonese individuals with the deletion. The
reference sequence for positions 16180-16193 is
AAAACCCCCTCCCC; this area is a hotspot for muta-

tion including length variation (Horai et al. 1993), and
the T-+C transition at position 16189 may have occurred
many times.

In summary, analysis of control region sequences
from four Aboriginal Australians with the 9-bp deletion
indicates that three of them represent two independent
origins for the deletion. These findings are consistent
with the time depth of occupancy of the continent: hu-
mans have been in Australia and New Guinea for at
least 50,000 years (Roberts et al. 1990; Flood 1995),
with little apparent intermarriage with later Southeast
Asian or Pacific populations. The fourth Australian
mtDNA genotype with the deletion could be part of a
widespread Asia-Pacific clade, representing either later
introgression or an early divergence from the main
Asian-derived clade with the deletion.
There are other recent reports of independent deletion

events in the COII/tRNALYS intergenic region (see, e.g.,
Ballinger et al. 1992; Passarino et al. 1993; Redd et al.,
in press). Three copies of the repeat also occur in some
individuals, perhaps due to replication error (Shields et
al. 1992; Passarino et al. 1993). It is now clear that there
have been multiple deletions and insertions at this site.
These findings do not remove the deletion's utility as a
mitochondrial population marker. However, these re-
sults do mean that a common origin of the 9-bp mtDNA
deletion in different individuals or populations must be
tested, and not just assumed.

DAVID J. BETTY, AMY N. CHIN-ATKINS,*
LYNN CROFT, MICHAELA SRAML,

AND SIMON EASTEAL
Human Genetics Group, John Curtin School of
Medical Research, Australian National University,
Canberra
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Nomenclature for Inherited Diseases of the Retina

To the Editor:
McGuire et al., in the July 1995 issue of American Jour-
nal of Human Genetics, report an apparently new X-
linked dominant locus for cone-rod degeneration. How-
ever, a close examination of the article leaves the reader
wondering whether this is really a new locus and raises
wider questions about nomenclature in the field of inher-
ited retinal degenerations.

First, is the phenotype in this family really dominant?
Males are consistently severely affected, with an age at
onset of 10 years or so and with nonrecordable electro-
retinograms. Females, in contrast, have symptoms that
range from very mild (unaware of any deficit) to a condi-
tion in one case comparable to that of the males. So far,
this sounds much the same as X-linked retinitis pig-
mentosa (xlRP), with female carriers as mosaics affected
to varying degrees according to the lottery of X-inactiva-
tion. Unless the gene in question escapes X-inactivation,
the terms dominant and recessive are, one would have
thought, inapplicable. The authors base their dominant
classification on the observation that all females are af-
fected to some degree and that their affectation status
is on average greater than that of female carriers in other
X-linked retinopathies. In making this assertion, they
seem to be reviving a controversy of the 1960s. At that
time, the consensus that emerged was that it was com-
mon for female carriers in all xlRP pedigrees to exhibit
some symptoms on close examination and that high lev-
els of intrafamilial variation in severity were common
in heterozygotes. It was therefore concluded that there
was no justification for categorizing xlRP into domi-
nant, intermediate, and recessive forms, as had been pro-
posed earlier (Berson et al 1969; Bird 1975). Since then
the literature has simply talked of "X-linked RP" with-
out the need to classify families further. Does this family
really justify a change now?

Second, is this cone-rod degeneration or is it RP? The
authors use both descriptions in their title, and in their

introduction they suggest that both cone and cone-rod
dystrophy are merely different forms of RP anyway.
Clinical colleagues tell us that such a statement is not
entirely unreasonable, since cone and macular involve-
ment have been recorded in xlRP. On the other hand,
cone-rod degeneration is defined, in the authors' own
words, as "frequently including ... minimal pigmentary
changes" (p. 87). Perhaps then there is some justification
on both sides of this debate. If so, however, one would
have to say that this family does not differ greatly from
xlRP as commonly described. Nevertheless, the subtypes
cone dystrophy, cone-rod dystrophy, and RP are widely
used and understood. Should all this now change?
Should CODi and CORDs 1 and 2 be reassigned as RP
numbers; or, once again, might things not be better left
as they are? In which case, the reader is still left wonder-
ing just what to call this family.

After all, locus symbols in RP are confusing enough
to the uninitiated (see table 1). This is perhaps inevitable
in such a heterogeneous disorder, but it appears to have
been further confounded by a tendency to assign locus
numbers while data were still only tentative. As a result,
RP1 moved from chromosome 1 to chromosome 8 in
1991. Similarly, the loci designated RP5 and -6 were
only ever hints, and at least one, RP5, is no longer
thought to exist. RP8, in fact, never was a locus but
instead was merely a family unlinked to the previous
seven loci. As far as we are aware, it remains unlinked,
to this day. As to rhodopsin (RP4) and peripherin/RDS
(RP7), would it not be more helpful simply to refer to
these loci by their gene names (as, in fact, most research-
ers do)? We note that, in the 2 years since it was reported
as an RP locus, no number has yet been assigned to
PDE-0, so perhaps this policy has already changed.
Now McGuire et al. (1995) propose to name this

cone-rod degeneration "RP15"; this for a locus that they
have already referred to as "CORD3" in one previous
publication (Daiger et al 1995) and "X-linked dominant
RP" in another (McGuire et al. 1994); a locus that any-
way cannot definitely be resolved either clinically or ge-
netically from the (itself only tentative) X-linked RP6
locus. Could this not simply be a genuine RP6 family,
and might it not be wise to hold off on the assignment
of a locus number until evidence for the existence of this
locus was somewhat more substantial?

CHRIS F. INGLEHEARN AND ALISON J. HARDCASTLE
Department Of Molecular Genetics, Institute Of
Ophthalmology, London
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