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THE genetic diversity within and between human PCR primer pair was designed to amplify a 456-bp region
populations has been a topic of intense research covering position 544 and two other polymorphic sites

for the past three decades because of its relevance to (positions 494 and 595) observed by Harris and Hey
human genetics and evolution (Cavalli-Sforza 1969; (1999). An internal sequencing primer was used to ob-
Nei and Roychoudhury 1972). Of particular interest tain sequences in the forward direction for the individu-
is the degree of genetic differentiation between Africans als who were heterozygous for an insertion (duplica-
and non-Africans because such data are needed for re- tion) to be described below. A reliable sequence of
solving the controversy over the origin and evolution 331 bp was obtained from each of 139 X chromosomes
of modern humans. Major questions in this debate are (Table 1); this segment includes 149 nucleotides of in-
(1) how geographically spread were the archaic and tron 7, 72 nucleotides of exon 8, and 110 nucleotides
early modern humans, (2) were they divided into sub- of intron 8. Among the sequences obtained, we found
populations, and (3) if so, how much migration oc- that four non-African sequences (three from mainland
curred between subpopulations? To address these is- Italy and one from Sardinia) have G instead of A at
sues, Harris and Hey (1999) have recently obtained position 544 and that one sequence from Africa (Nige-
very interesting data from the X-linked pyruvate dehy- ria) has A instead of G at position 544. Therefore, this
drogenase E1 a-subunit (PDHA1) locus. They se- site shows no fixed difference between Africans and
quenced a 4200-bp region of the PDHA1 gene in 35 non-Africans.
male individuals (6 French, 7 Chinese, 5 Vietnamese, 1 Within this short region, the Africans showed a higher
Mongolian, 4 Southern Bantu speakers, 6 Senegalese, nucleotide diversity than the non-Africans (Table 2).
3 African pygmies, and 3 Khoisan speakers). Strikingly, The observed value of 0.31% in the Africans is three
a fixed nucleotide difference at position 544 distin- times higher than the average nucleotide diversity at
guished the Africans from the non-Africans sampled: fourfold degenerate sites (0.11%) estimated by Li and
all African sequences studied have nucleotide G, Sadler (1991). Of course, the high diversity observed
whereas all non-African sequences studied have nucleo- partly reflects our selection of a known polymorphic
tide A. (It is a difference between two synonymous ala- region. This selection notwithstanding, there is no nu-
nine codons, GCG and GCA.) The fixed difference was cleotide variation among the Asians studied. The nucle-
taken as a strong indication of historical population otide diversity among the Europeans studied is fairly
subdivision between Africans and non-Africans. How- high (0.17%) because the Italian samples contain four
ever, since only 35 males were sampled, it is not certain polymorphic nucleotide sites (see Table 3 and discus-
that the difference is really fixed between Africans and sion below). The low diversity in Asians could be due
non-Africans. In view of the importance of this issue, to selection sweep or random drift.
we decided to sequence more individuals. As mentioned The fact that the nucleotide difference at position 544
in Harris and Hey (1999), a larger sample could be is not fixed has some implications. From their observa-
expected to reveal some shared haplotypes. On the tion, Harris and Hey (1999) stated that the mutation
other hand, if the fixed difference holds up for a larger causing the fixed difference probably arose in the pres-
sample, it will be an extremely interesting observation. ence of some population subdivision and then became

We examined a geographically diverse set of 101 indi- fixed in the population in which it arose. Since the two
viduals (35 Africans, 33 Europeans, and 33 Asians). A known chimpanzee sequences have G at position 544

(Harris and Hey 1999), it is reasonable to assume that
A is the derived nucleotide. Their statement then im-
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TABLE 1

The distribution of A and G nucleotides at site 544 in different populations

Site 544
No. of Total no.

Continent Populations females No. of males of sequences A G

Asia Han Chinese 3 7 13 13
Taiwanese aborigine 1 3 5 5
Vietnamese 0 5 5 5
Cambodian 3 2 8 8
Japanese 4 5 13 13

Europe Italian (mainland) 4 2 10 7 3
Italian (Sardinian) 0 10 10 9 1
French 0 5 5 5
Finnish 1 1 3 3
Hungarian 3 1 7 7
Swedish 3 3 9 9

Africa Nigerian 13 14 40 1 39
Pygmies 3 3 9 9
!Kung 0 1 1 1
Kenyan 0 1 1 1

Total 38 63 139 85 54

The four individuals that have no gender information were treated as males.

A appears at position 544 in one of the 51 African that the subdivision between Africans and non-Africans
may not have been as strong as Harris and Hey (1999)sequences we sampled, a woman whose parents are also

Africans. Although the possibility of earlier ancestral stated, for the following reasons. First, the presence of
4 “G sequences” among the 20 Italian sequences weimmigration and the possibility of a new G to A mutation

cannot be excluded, one should consider also the alter- sampled represents a fairly high frequency (20%), so
that it is unlikely to be due to recent migration. Second,native explanation that the mutation occurred in Africa.

The plausibility of this explanation would increase if the fact that the Sardinian G sequence carries a C to T
mutation at position 595 (Table 3) may imply a relativelyfuture investigation reveals that the frequency of nucleo-

tide A at position 544 is not negligible among Africans; long history of this sequence in Sardinia. Third, whether
the G sequence is absent in the other parts of Europenote that the frequency (1/51) in the present study is

z2%, not a very low value. Of special interest is the and in Asia is uncertain because our sample sizes are
fairly small.possibility that the mutation arose before the emer-

gence of modern humans. In this respect, we note Harris It is also interesting to examine the haplotypes. As in
Harris and Hey (1999), we found the presence of aand Hey’s estimate of 189,000 YBP for the mutation,

which is considerably older than the estimated age of duplication relative to chimpanzee at positions 364–370
(GGCCAA) in more than half of the sequences we sam-modern humans (100,000–130,000 YBP).

The presence of nucleotide G at position 544 in 4 pled. The haplotypes defined by this polymorphism and
the four single nucleotide polymorphisms are listed inItalian sequences provides further evidence against a

fixed difference between Africans and non-Africans. Of Table 3. The chimpanzee haplotype (i.e., haplotype O)
is not observed in any of the human sequences we sam-course, this presence may represent recent immigration

from Africa to nearby Italy. However, our data suggest pled; all of the human sequences that lack the duplica-
tion have A instead of C at position 494. As every A
nucleotide at position 544 is associated with the duplica-
tion GGCCAA, one may assume that the mutation fromTABLE 2
G to A at position 544 occurred after the duplication.

Nucleotide diversity (%) within and between populations It is interesting that all of the human sequences that
do not carry the duplication have haplotype B (i.e.,

Population African Asian European A, G, C, and G at positions 494, 544, 595, and 672,
respectively), except for one Sardinian sequence (hap-African 0.31

Asian 0.65 0.0 lotype C) that has a C→T mutation at position 595.
European 0.62 0.089 0.17 Figure 1 shows the parsimony tree for the haplotype

evolution. In one lineage, haplotype B was derived fromNote: The nucleotide diversity is 0.37% among all se-
haplotype O by a C→A mutation at position 494 andquences, 0.086% among non-African sequences, and 0.64%

between Africans and non-Africans. subsequently haplotype C was derived from haplotype
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TABLE 3

Haplotype distribution among different populations

Nucleotide position
No. of

Population Haplotype sequences 365–370b 494 544 595 672

Chimpanzeea O 2 — C G C G
Asians A 44 GGCCAA C A C C
Italians (mainland) A 7 GGCCAA C A C C

B 3 — A G C G
Italians (Sardinia) A 9 GGCCAA C A C C

C 1 — A G T G
Other Europeans A 24 GGCCAA C A C C
Nigerians B 26 — A G C G

D 13 GGCCAA C G C C
A 1 GGCCAA C A C C

Pygmies D 6 GGCCAA C G C C
B 3 — A G C G

Kenyan B 1 — A G C G
!Kung D 1 GGCCAA C G C C

a The chimpanzee sequences are from Harris and Hey (1999).
b A duplication of the nucleotides GGCCAA at positions 359–364.

B by a C→T mutation at position 595. In the other Italian sequences. Thus, both major haplotypes (i.e., A
and B) are shared by Africans and non-Africans. Inlineage, haplotype D was derived from haplotype O by

a duplication of GGCCAA at positions 359–364 (de- addition, haplotype C, which is found in a Sardinian,
can also be counted as shared because it differs fromnoted by 2 → 1 in Figure 1) and a G→C mutation at
haplotype B by only one mutation (C→T at positionposition 672, and then haplotype A was derived from
595). The only haplotype that is present at a fairly highhaplotype D by a G→A mutation at position 544.
frequency and is not shared by Africans and non-Afri-Table 3 shows that all Asian and the majority of Euro-
cans is haplotype D, which occurs at a frequency of 39%pean sequences studied are of haplotype A. This haplo-
(20/51) among the Africans sampled.type is present in one of the African sequences (a Nige-

In conclusion, there is no fixed nucleotide differencerian). Haplotype B is the major haplotype among
between Africans and non-Africans in the region studiedAfricans (30/51 5 59%) but is also observed in three
and, as foreseen by Harris and Hey (1999), a larger
sample has revealed shared haplotypes. The differences
between Africans and non-Africans in nucleotide fre-
quencies at position 544 and in the distribution of haplo-
types do indicate substantial population subdivision be-
tween the two groups, but the subdivision has likely
been weaker than that suggested by Harris and Hey’s
data.
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