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Summary
A variant allele, ADH1B∗ 48His, also known as ADH1B∗ 2, at the human Alcohol Dehydrogenase 1B gene (ADH1B)
is strongly associated with alcoholism in some populations and has an unusual geographic distribution. Strong evidence
implies selection has increased the frequency of this allele in some East Asian populations but does not fully explain its
geographic pattern. We have studied haplotypes of 10 single nucleotide polymorphisms (SNPs) and two short tandem
repeat polymorphisms (STRPs) in the ADH1B region in 2,206 individuals from a worldwide set of populations. These
SNPs and STRPs define nine common haplogroups most of which have distinct geographic patterns. The haplogroups
H5 and H6, both with the derived ADH1B∗ 48His allele, appear restricted to the Middle East and East Asia, respectively.
The positively selected H7 is derived from H6 by a new regulatory region variant defining SNP rs3811801 restricted
to East Asia. Age estimates of the haplogroups based on the STRPs also agree with the time of the migration events
estimated by other studies. H7 is estimated to have expanded recently, around 2,800 years ago, and ancient DNA samples
from North China confirm its presence about that time. The dating of the H7 expansion may help understand the
selective force on the ADH1B gene.
Keywords: ADH1B, haplotype evolution, recent expansion, geographic distribution

Introduction
The alcohol dehydrogenase (ADH) gene family is one of the
most studied gene families in the human genome. In studies over the past 30 years variants in this gene family have
been found to be associated not only with alcoholism but
also with a large number of disorders including different cancers (Chen et al., 1999; Osier et al., 1999; Eriksson et al.,
2001; Edenberg et al., 2006; Matsuo et al., 2007; Triano
et al., 2003; Jia et al., 2007). There are several evolutionarily
related genes in this family, among which ADH1B (previously ADH2) has been the most frequently studied from the
very beginning of molecular studies of ADH (Li et al., 1977).
Some protein electrophoretic polymorphisms of the enzymes
∗
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encoded by ADH1B and the adjacent gene (ADH1C) were
found to correspond to differences in the kinetics of the enzymes (e.g., Smith, 1986). Subsequently, the DNA differences
were identified. However, as the linkage disequilibrium (LD)
in these regions is relatively high, the functional association
for some of the polymorphisms might be attributable to the
LD with other polymorphisms (Osier et al., 1999). One of
the function-associated polymorphisms, ADH1B Arg48His
(rs1229984), is believed to be the most important in ADH
studies. However, the high LD between the ADH1B∗ 48His
allele and the flanking regions may be the reason for the functional associations of all variants in the Class I ADH region
(1A, 1B, and 1C), at least in some populations (Osier et al.,
1999; Han et al., 2007). The geographic distribution of the
ADH1B∗ 48His allele is also dramatic. The frequency of the
derived allele of this variant is common to high (>25%) in
West Asia and East Asia, but infrequent to absent in the rest
of the world, including the regions between West Asia and
East Asia (Li et al., 2007c; Borinskaya et al., 2009; Li & Kidd,
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Figure 1 Markers typed in this paper. The centromere is to the left (downstream) and
the telomere is to the right. The SNPs are numbered as represented in haplotypes going
from the 5 to 3 of the gene, cf. Tables 1 and 2.

2009). The functional association (Chen et al., 1999; Osier
et al., 1999; Eriksson et al., 2001; Edenberg et al., 2006;
Matsuo et al., 2007) of this variant is found in both areas
with differing strength, but not in every population. The
high frequency of the ADH1B∗ 48His variant in many East
Asian populations is most likely the result of natural selection that favored the chromosomes with that allele (Smith,
1986; Li et al., 2008). A variant in the regulatory region of
ADH1B, the derived allele at rs3811801, is possibly responsible for the selection and the particular functional association
in East Asia (Li et al., 2008). Because of the high LD and
specific geographic distribution, a more globally comprehensive joint analysis of the variants in the region of ADH1B is
warranted to more clearly understand the evolution of this
gene as humans have diversified.
Our initial phylogenetic analysis of the ADH1B haplogroups included several of the 10 single nucleotide polymorphisms (SNPs) in Figure 1 (Li et al., 2007c). However,
an understanding of the diversification and migration history
also needs to include short tandem repeat polymorphisms
(STRPs) because of their higher mutation rates. Here we
demonstrate a detailed phylogenetic analysis of ADH1B including the 10 SNPs and two STRPs also shown in Figure 1.
Detailed classification and age estimates for haplogroups concur with the “Out of Africa” pattern: temporally ordering the
distinct haplotypes of West Asia and East Asia and demonstrating a recent expansion of the derived allele of the regulatory
variant. Ancient DNA analyses we present here also support
the recent expansion. This study provides a more detailed
picture of the history of natural selection on ADH1B variants
among different East Asian populations.

Material and Methods
Population Samples
We typed 2,206 individuals from a global sample of 42 populations. According to population ancestry and geography locations,
these 42 populations are categorised into eight groups. The populations and sample sizes are as follows:
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Africa: Biaka 69, Mbuti 39, Yoruba 78, Ibo 48, Hausa 39,
Chagga 45, Masai 20, and African Americans 91; Middle Eastern: Ethiopian Jews 32, Yemenite Jews 43, Ashkenazi Jews 81,
Samaritans 41, and Druze 103; Europe: Adygei 54, Chuvash 42,
Russians from Archangelsk 33, Russians from Vologda 48, Finns
36, Danes 51, Irish 115, and European Americans 90; East Asia:
Chinese from San Francisco 58, Chinese from Taiwan 50, Hakka
41, Koreans 54, Japanese 48, Ami 40, Atayal 42, and Cambodians
25; Pacific: Nasioi 23 and Micronesians 37; Siberia: Komi Zyriane 47, Khanty 50, and Yakut 51; North America: Cheyenne 56,
Pima-Arizona 51, Pima-Mexico 99, and Maya 49; South America: Quechua 23, Ticuna 65, Rondonian Surui 45, and Karitiana
54.
Sample descriptions can be found in the Allele Frequency
Database (ALFRED) by searching on the population names or
clicking on the sample ID link from the individual SNP frequencies. All volunteers were apparently normal and healthy,
with no diagnosis of alcoholism or related disorders except in
a subset of the Taiwanese samples. All samples were collected
with informed consent under protocols approved by the relevant
institutional review boards.

Genetic Makers
The two STRPs flanking ADH1B have not previously been
reported on or studied; they are described in more detail in supplementary material. Of the 16 SNPs we typed between the two
STRPs we chose 10 SNPs and two STRPs to define the core
haplogroups of ADH1B (Fig. 1). The polymorphisms and locations of the STRPs and the 10 core SNP markers and their
haplotypes are given in Tables 1 and 2. For consistency all SNP
alleles are presented on the genomic reference positive strand as
ancestral or derived even though various databases give reference
alleles on a mixture of positive and negative strands. The six SNPs
typed but not included in this analysis are rs1789891, rs9307239,
rs3811802, rs1229982, rs28626993, and rs2066702. Additional
information on the STRPs and all 16 SNPs is available in ALFRED. We used TaqMan assays from Applied Biosystems to type
the SNPs (Livak et al., 1995). The designations of ancestral alleles are based on our typing of 15 nonhuman apes of five species
and are consistent with UCSC designations. The two STRPs in
the flanking regions of ADH1B are described in more detail in
supplementary material.
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Table 1 The two STRPs and 10 SNPs analysed at ADH1B, their
positions, and ancestral alleles.
rs number
or “name”

Position

upstream (GTAT)n
rs1693439
rs3811801
rs6810842
rs1159918
rs1229984
rs4147536
rs2075633
rs2066701
rs17033
rs1042026
Downstream (TA)n

100252794
100245489
100244319
100243445
100243009
100239319
100239112
100238998
100238413
100228945
100228466
100226379

Positive (+)
strand
polymorphism

Ancestral
allele on
+ strand

A/G
A/G
G/T
A/C
C/T
A/C
C/T
A/G
C/T
C/T

G
G
G
A
C
C
T
G
T
T

Table 2 Haplotype labels corresponding to Figure 2 with alleles
ordered as in Table 1, top to bottom. The ancestral alleles are in
regular font; the derived alleles are in italic font.
Haplotype number

Haplotype with all alleles on +
strand, but telomeric to centromeric

H1 ancestral
H1b
H1c
H2
H2b
H4
H4b
H3
H3b
H3c
H5
H5b
H6
H7

GGGACCTGTT
GGGCCCTGTT
GGTCCATGTT
GGTACCTGTT
GGTACCTGCT
GGTACATGTT
AGTACATGTT
GGGCCCCATC
GGGCCCCGTT
GGGCCCCGTC
GGGCTCTGTT
AGTATATGTT
GGGCTCCATC
GAGCTCCATC

Statistical Analyses
Estimates of haplotype frequencies for the 10 core SNPs were
calculated with the program PHASE2.1 (Stephens et al., 2001;
Stephens & Donnelly, 2003). The network (shortest tree) of
the haplotypes deemed present was calculated and drawn by the
program NETWORK4.201 (Bandelt et al., 1999). Haplogroups
were defined based on the clusters in the network. Allele and
haplotype frequencies were estimated by gene counting in each
population using the phased data for the haplotypes. Haplotypes
of just the 10 core SNPs corresponded closely to the major NETWORK haplogroups. Because NETWORK cannot accommodate crossovers, the phylogenetic relationships were drawn using
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a simple parsimony assumption weighting recombination more
probable than multiple recurrent mutations.
The distributions of the ADH1B downstream STRP alleles in
different geographic regions were displayed as histograms. Variances of STRP allele sizes in different geographic regions and
for different haplogroups were calculated using repeat number.
The coalescence time of modern human (200,000 years, 10,000
generations) given by other previous dating studies (Cann et al.,
1987; Ayala & Escalante,1996; Hammer et al., 1998; Thomson
et al., 2000; Mellars, 2006) and the global allele size variance
based on our whole world sample were adopted to estimate the
mutation rate of the downstream STRP. The ages of the haplogroups were calculated by the age estimate formula for a single
STRP (Su et al., 1999; Wilson et al., 2003) and the NETWORK
program. The formula used is t = −Ne ln(1 − V /Ne μ), where Ne
is the effective population size, V is the STRP variance observed,
μ is the mutation rate of the STRP, and t is the resulting number
of generations. The inferred migration routes were based upon
the variances in different geographic regions and the evolutionary
relationships among the haplogroups.

Ancient DNA validation
The expansion age of the derived allele of rs3811801 was investigated using samples of 38 remains from four sites in North
China dated from 2500B.C. to 220A.D. (Table 3) examined for
the East Asian high frequency derived alleles of rs1229984 and
rs3811801. The authenticity for the ancient DNA was insured by
strict adherence to the criteria suggested by Pääbo et al. (2004).
The sampled remains were excavated from the dry loess stratum
in the slopes at those sites in which the biochemical preservation is relatively good. Each skeleton was sampled from several
different parts: mostly teeth, astragalus, calcaneus, vertebrae, etc.
The teeth we chose were all intact and still fixed to the jaw.
Repeated amplifications from different samples of each skeleton were always performed. Samples were handled with gloves
by a limited number of anthropologists wearing face masks and
caps during excavation. During the transportation, the samples
were packaged in hermetically sealed plastic bags. The ancient
DNA labs in Fudan University (Li et al., 2007b) are strictly controlled following all the criteria for ancient DNA studies (Pääbo
et al., 2004), such as routine sterilization by different treatments
(DNAse away, positive air pressure, bleach and ultraviolet light
irradiation), air filtration, and isolated rooms for different experimental steps (three rooms for sample cleaning, DNA extraction,
and PCR cocktail preparation, respectively). No more than three
researchers can work in the lab, wearing full body protective
clothing, and using dedicated equipment and reagents. Pre-PCR
work was performed in the hood in the designated rooms of
the lab. PCR cocktails were prepared and sealed carefully before
they were removed from the pre-PCR rooms. The PCR room
is far from the other rooms and airflow between the PCR room
and the other rooms is strictly avoided. The post-PCR facilities
and analyses are physically separated from the pre-PCR location
and procedures. The extraction protocol was the same as that we
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Table 3 Numbers of chromosomes seen for each haplogroups in each different geographic region (N) and the ranges (R) of the repeat
lengths of the ADH1B downstream STRP. For these summaries H1b, H2b, and H4b are included with H1, H2, and H3, respectively.
H1

Sub-Sahara
Middle East
Europe
Siberia
E. & S.E. Asia
Oceania
N. America
S. America
Total

H2

H3

H4

H5

N

R

N

R

N

R

N

R

N

305
120
296
76
19
2
11
6
835

11∼35
11∼35
11∼27
11∼25
11∼25
19∼20
11∼23
11∼21
11∼35

48
41
93
92
30
20
230
269
823

11∼13
11∼13
11∼13
11∼12
11∼12
11∼12
11∼13
11∼13
11∼13

55
114
244
46
53
18
6
1
537

16∼22
16∼25
16∼26
16∼21
15∼19
16∼21
16∼29
19
15∼26

449
103
259
63
81
54
255
98
1362

11∼35
11∼26
11∼29
11∼25
11∼25
15∼27
11∼25
11∼26
11∼35

0
207
25
2
1
1
8
0
244

have published (Li et al., 2007b). Initial typings of these samples
were done at Fudan University. The two SNPs were examined
by TaqMan as we do for the modern DNA. Extraction controls
of unknown animal bones from the same sites were included.
PCRs of each SNP were repeated six times. PCR controls were
also included each time. The DNA templates were quantified to
10 ng for each PCR. Replications were performed in the lab at
Yale University.

Results
Allele and Haplotype Data
The allele frequencies for the SNPs and the STRPs are available on the ALFRED website for all of the populations studied. For the ADH1B upstream STRP, six alleles were observed, from 10 repeats (77bp) to 15 repeats (97bp). For the
ADH1B downstream STRP, 25 alleles were observed, from
11 repeats (195bp) to 35 repeats (243bp). The frequency of
the shortest 11-repeat allele of the downstream STRP is unusually high (10.3%), suggesting a minimum limit or “absorbing boundary” for repeat number of this STRP, i.e., a
size at which the mutation rate becomes very low. The 10
SNPs define nine common haplotypes across the 17.023kb
extent from rs1693439 to rs1042026. Table 1 gives the positions and alleles of these 10 SNPs using the allele on the
genome reference strand for all SNPs. Thus, the haplotypes
were defined from telomeric (5 of the gene) to centromeric
(3 of the gene) with alleles on the positive strand. Nine common haplotypes were observed (Table 2). Each of those nine
haplotypes defines a haplogroup involving the STRP alleles.

H6
R

N

1
11
4
0
202
24
0
0
11∼32 242

13∼32
11∼26
24
11
21
11∼22

H7
R

N

18
16∼21 4
17∼20 17
17
16∼26 330
17∼18 1

Total
R

N

858
600
938
296
716
120
510
374
16∼26 369 16∼26 4412
17∼18
17∼18
17∼20
16∼26
17

R
11∼35
11∼35
11∼29
11∼25
11∼26
11∼27
11∼25
11∼26
11∼35

plained by accumulation of mutations from the ancestral H1.
H3 was derived from H1b by three SNP mutations. H2 and
H4 are derived by accumulation of successive mutations from
H1. H5 was derived from H1b by the nonsynonymous mutation to ADH1B∗ 48His. H6 was formed by the recombination between H5 and H3, and also contains the derived
ADH1B∗ 48His allele from H5. In addition to the data shown
in Table 2 and Figure 2, this recombination event is supported by multiple flanking SNPs not part of the current
analysis (Han et al., 2007). H7 was derived from H6 by the
mutation of the regulatory region SNP (rs3811801).
The geographic distribution of the haplogroups is also dramatic (Fig. 2; Table 3). Almost all of the Native Americans
belong to H2 and H4. The ancestral haplotype H1 is nearly
absent out of Africa. H5 occurs mainly in the Middle East,
while the evolutionarily derived H6 and H7 are mainly in
East Asia. Only a very few individuals among the Chuvash,
Adygei, and Ashkenazi Jews belong to H7, which might have
been introduced from the East very recently, as these populations lie along historic trade routes, e.g., the Silk Road.
The low STRP diversity of these few H7 individuals in the
West also supports the recent arrival of the haplogroup from
East Asia. The ADH1B haplotypes containing the derived
ADH1B∗ 48His allele associated with altered enzyme function are distinctly different in West Asia (H5) from those in
East Asia (H6 & H7) (Table 3). The six SNPs not included in
the core demonstrate a more complex pattern of haplotype
evolution by generating additional side branches, crossovers,
etc., all of which are rare globally and, at most, uncommon in
any single population. They do not alter the pattern of these
core haplotypes presented and analysed in this paper.

Network and Taxonomy
The inferred phylogenetic relationships of the nine common
haplotypes are displayed in Figure 2. By parsimony, H1b,
H2, H2b, H3, H3b, H3c, H4, H4a, and H5 can all be ex-
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STRP Diversity
As the diversity of the downstream STRP is much higher
than that of the upstream STRP, the more informative
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Figure 2 Evolutionary schema for the thirteen globally most common haplotypes.
While the circle sizes are not strictly proportional to overall frequency, the shadings
within each circle represent the proportion of that haplotype occurring in each
geographic region by the colors corresponding to regions in the map. H1b, the 14th
haplotype, is very rare but does complete the evolutionary connections. H1c and H5b are
not rare but cannot be explained by a single event (crossover or mutation) but have a
more complex evolutionary background; the fine dotted lines indicate some of the allelic
relationships.

downstream STRP is the focus of analyses. The total diversity of the upstream STRP varies by geographic region
(Fig. 3). With the exception of Oceania, where the two major
peaks are consistent with the known considerable differences
between Melanesians and Micronesians, there is a general decrease in variance with distance from Africa if the peak at 11
repeats is ignored. The most common non-11 repeat allele
also varies by geographic region. Excepting the alleles at or
adjacent to the assumed absorbing lower boundary of allele
sizes, the variances of the allele size distributions show a clinal
reduction from Africa through Eurasia to the New World.
This reduction is consistent with the African origin of modern human and a relatively recent expansion into the rest of
the world relative to the mutation rate(s) at this STRP.
More significant than the geographic pattern per se is that
the distributions of the downstream STRP alleles differ by geography because the STRP alleles differ by core haplotype of
the 10 SNPs (Fig. 4). The STRP variances by core haplotype
(i.e., within each haplogroup) are also quite different. In H1
(including H1b) and H4, there are single major peaks around
21 repeats. In H2 (primarily H2b), the peak is around the
shortest 11-repeat allele. There are two peaks in H3 around
16 and 19 repeats, and a sharp gap at 18 repeats, suggesting
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multiple lineages of this haplotype not identified by these 10
SNPs. The peak in H5 is also around 19 repeats, while the
peak in H6 moves to 18 repeats, and that in H7 to 17 repeats.
H7 contains the lowest STRP diversity, also indicating this
haplotype is the youngest.
The supposed migration routes of ADH1B haplogroups
are illustrated in Figure 5. H1, H1b, H2, H3, and H4 formed
a background for the Old World. Only H2, H2b, and H4
were introduced into the New World, where H2b and H4
became more common. H5 originated in the Middle East
and has hardly expanded beyond that region. Because both
contributing haplotypes exist in Southwest Asia, H6 may have
originated in that region and then expanded into East Asia
and Oceania. Wherever it originated, H6 became the major
haplogroup in East Asia and more recently gave birth to H7
in East Asia.

Age Estimates of the Haplogroups
The ages of the haplogroups were estimated using the downstream STRP variances. The mutation rate was estimated to
be 2.474 × 10−3 per generation based on the well accepted
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Figure 3 The overall distribution of repeat sizes for the downstream STRP by geographic region. Variances are given for each of the
peaks in each region except for the apparent absorbing boundary at 11 repeats.
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Figure 4 The STRP size distributions associated with each of the seven major SNP-based haplotypes. Compared to Figure 2, H1
here also includes H1b; H2 here also includes H2b; H4 here also includes H4b. H3 and H5 are not pooled with the minor haplotypes
shown in Figure 2. Shadings of each bar in the histograms represent the proportion of that haplotype occurring in each geographic
region by the coloring of regions in the map.

coalescence time of the modern human (10,000 generations)
and the variance of our whole world sample (23.26). With
this mutation rate, the ages of the haplogroups were estimated
in Table 4 by two methods. H1 is as old as the whole human
population. The age of H2 is not reliable because the lengths
of the STRP alleles of this haplogroup are about at the minimum limit and not appropriate to the formula. The age of H5
is very close to the most accepted time of the “Out of Africa”
event and it appears to have been born in the Middle East,
the geographic location for the first modern human emergence “out of Africa.” The youngest haplogroup is H7 with
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an expansion age of only around 1,600 to 4,000 years. As we
assumed only 20 years for a generation and the coalescence
time for all modern humans may be longer, these ages were
most probably underestimated.

Allele Frequencies in the Ancient DNA from
North China
As haplogroup H7 with the derived alleles of rs1229984 and
rs3811801 probably expanded very recently, we examined
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Figure 5 Migration routes of the ADH1B haplogroups.
Table 4 The expansion age estimates of the haplogroups.

H1
H2
H3
H4
H5
H6
H7

Estimates by formula
of Su et al.

Estimates
by NETWORK

Variance

Generations

Thousand years

Thousand years

23.32
0.19
3.86
13.24
6.44
1.90
0.31

10029
77
1576
5539
2692
783
126

200.6
1.5
31.5
110.8
53.8
15.7
2.5

185.4 ± 25.6
4.1 ± 2.5
32.7 ± 9.1
135.8 ± 28.5
66.7 ± 16.9
21.4 ± 8.6
2.8 ± 1.2

Average generation time (although variable with life expectancy over
time) is assumed to be 20 years over the long time span considered.

but the frequency in the 4,000 years old population sample
is 10% (2/20). The highest frequency of 33% (2/6) occurs
in the 2,000 years old Dongxiaoying population sample. Pooling the three more recent samples, including the two in which
the derived allele was not seen gives an even lower frequency
of 11% (2/18). Even with the small sample sizes the 10% and
11% estimates are significantly lower (P = 0.0297 and P =
0.0466, respectively, by Fisher’s exact test) than the frequency
in the modern population (>50%) in the same region. These
data support a recent increase in the frequency of this derived
allele.

Discussion
Redisplay of the Out of Africa Pattern

these two SNPs in the ancient samples from North China
dated from 2,500B.C. to 220A.D. If the hypothesis is correct, the derived allele frequency of rs3811801 in the ancient
Chinese would not be as high as it is in the modern Chinese. Half of our ancient samples were successfully amplified
(Table 5). The derived allele of rs3811801 is definitely present

ADH1B diversification and inferred migration and evolutionary histories display the well supported “Out of Africa” pattern of modern human origins and diversification. The SNPbased haplotypes and the variances of the ADH1B downstream STRP both indicate that the populations in Africa are
the oldest and those in Oceania and the Americas are much

Table 5 Haplotype frequencies of rs3811801-rs1229984 (sites 2 and 5 in Fig. 1) among the ancient Chinese samples.
Number of each
haplotype

504

Site

N

Success N

GC

GT

AT

Age

Province

County

Period

Taoshi
Shangma
Lingzhi
Dongxiaoying

16
6
7
9

10
2
4
3

18
4
7
3

0
0
1
1

2
0
0
2

∼2500BC-2000BC
770BC-476BC
475BC-221BC
206BC-220AD

Shanxi
Shanxi
Shandong
Shandong

Xiangfen
Houma
Zibo
Tengzhou

Neolithic age
Eastern Zhou Dynasty
Warring States Period
Han Dynasty

Annals of Human Genetics (2011) 75,497–507


C 2011 The Authors
C 2011 Blackwell Publishing Ltd/University College London
Annals of Human Genetics 

ADH1B gene diversification

younger. The ancestral haplotype exists primarily in Africa;
the most derived haplotypes exist primarily in East Asia. The
pattern also reflects a successive founder model (Liu et al.,
2006) with the expansion across Eurasia and into the Pacific
and the Americas.
We assume that the coalescence time of the ADH1B gene is
no older than that of the modern human population, around
200,000 years (Cann et al., 1987; Ayala & Escalante,1996;
Hammer et al., 1998; Thomson et al., 2000; Mellars, 2006).
The coalescence time of the H5 haplogroup in the Middle
East is then estimated to be around 50,000 to 70,000 years,
which is within the well accepted time frame for modern
humans expanding out of Africa. If the real coalescence time
of the ADH1B gene is shorter than our assumption and the
diversification of the gene started some time after the origin
of modern humans, the ages of the haplogroups may be even
younger than our estimates. Conversely, if we assume a somewhat longer generation time, the age estimate for H5 would
be older but still within a generally agreed upon interval. It
is also possible that STRP variation persisted through speciation and the true coalescent of modern STRP alleles predates
speciation. However, substantial overestimates for the ages are
unlikely, as our results agree with those from most other genetic studies (Cann et al., 1987; Ayala & Escalante, 1996;
Hammer et al., 1998; Thomson et al., 2000; Mellars, 2006).

A Bottleneck into the New World
The haplogroup pattern of the New World is quite different
from that of the Old World. H2b and H4 are predominant in
the New World, while other haplogroups are almost absent,
essentially lost along the way as modern humans entered the
New World. It is believed that all of the Native Americans
we studied derived from a small population that arrived in
the northwest tip of the New World (Schurr & Sherry, 2004;
Zegura et al., 2004), a bottleneck sufficient to explain the
absence of H1 and H3 in Native Americans. This bottleneck
effect is also supported by the much lower variance of the
STRP in America than in Siberia.

New Haplogroups along the Way to East Asia
The haplogroups with the derived ADH1B∗ 48His allele, H5,
H6, and H7, are of most interest in ADH studies. These
haplogroups occur only outside of sub-Saharan Africa, but in
different geographic regions. H5 occurs mostly in the Middle
East, while H6 and H7 occur almost exclusively in eastern
Eurasia. These two regions are separated by South Asia and
Central Asia. In South Asia, the ADH1B∗ 48His allele is almost
absent; in Central Asia, the frequency of this allele is also very
low (Li et al., 2007c; Borinskaya et al., 2009; Li & Kidd, 2009).
However, most of the examined samples from Central Asia
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with this allele belong to H7, the derived haplogroup from
H6 (Li et al., 2008), and the STRP diversity of H7 in Central
Asia is low. Therefore, most probably these chromosomes
were introduced from East Asia recently. H6 occurs mostly
in East Asia, Southeast Asia, and Oceania. H6 clearly arose as
a recombinant between H5 and H3, probably in the Middle
East, but its geographic origin is uncertain. Given that it likely
increased in frequency in East Asia due to selection, the region
of highest frequency cannot be assumed to be the geographic
origin.

The STRP Distributions
An interesting observation is that the overall STRP distribution in each region of the world is composed of the distributions in each haplogroup. The differences in the distributions
are a shift in frequencies of the haplogroups and the consequences of the “bottleneck” as the single chromosome on
which a new mutation defined a new haplotype. For example, comparing Figures 3 and 4, one sees that the shift in the
most common allele between Europe and the Middle East is
attributable to the high frequency of H5 in the Middle East.
In East and Southeast Asia, the peak is shifted to 17 repeats
because of the high frequencies of H6 and H7. Clearly, during the time for the new haplotype to become common, the
STRP must generate new diversity but, barring recombination, that will be centered around the initial STRP allele on
the initial chromosome. Thus, age estimates based on only
the STRP distribution are subject to error. Our use of the
individual haplogroups will have minimized that problem.
Moreover, being able to define the ancestral-to-derived relationships of the haplotypes adds a clear constraint on time
estimates.

The Recent Expansion Events in East Asia
The estimated ages of H6 and H7 both indicate relatively
recent coalescents or expansion times of the haplogroups.
H6 expanded around 15 to 21 thousand years ago, which is
around the end of the last Ice Age (Shi et al., 1989). Sufficient archaeological discoveries have revealed that modern
human activities appeared and increased in East Asia around
that time (Chang, 1976). This age estimate suggests that the
natural history of East Asians is relatively short, in agreement
with Y chromosome and mtDNA data (Zhang et al., 2007;
Li et al., 2007a) and many autosomal loci (e.g., Chu et al.,
1998). The expansion of H6 might have coincided with its
diffusion into East Asia as the Ice Age ended and the climate
turned warmer. The age of H7 is estimated at only around 2.8
thousand years. This young age is unexpected with respect to
the high frequency of H7 in present East Asia, but can be
explained by the strongly supported positive selection on this
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haplogroup with the derived allele of the regulatory region
SNP (rs3811801) (Li et al., 2008). Therefore, this selection
must have begun increasing the allele frequency in East Asian
populations by at least 2.5 thousand years ago since the ancient
DNA studies found the allele in both 4000 and ∼2500 year
old samples. The estimated age has a standard deviation of 1.2
thousand years, which means the selection/expansion event
might have happened or begun as early as 4 thousand years
ago. This could be a poor estimate because selection might
violate the assumptions of the age estimate by reducing the
variance over what it would have been. Also, the mutation
rate may not be constant, as indicated by the apparent absorbing boundary at 11 repeats. A slightly lower mean size of the
STRPs might indicate a smaller mutation rate (Brinkmann
et al., 1998). We note that the STRP allele sizes flanking H7
are at the low ends of the distributions seen around H1, H3,
H4, H5, and H6.
Collecting more data on the frequency of haplogroup H7
in ancient Chinese populations is very desirable to help build
on or, if necessary, re-evaluate the evidence we have accumulated. The evidence from the ancient DNA samples we have
studied adds an important and independent line of evidence to
our understanding of the past evolution of the ADH1B haplotypes helping to determine when H7 appeared and began
to increase in frequency in East Asia. Studying more ancient
population samples at a variety of locations could also help
locate more precisely the likely origin and expansion profile
of H7. This in turn would give us more context in space
and time for understanding the selective force(s) that have
affected the evolution of the ADH1B haplogroup. However,
even though our ancient DNA samples are small, the results
have shown that the frequency of H7 was significantly lower
in the past than today, confirming that haplogroup H7 has
increased in frequency from what it was 4,500 to 2,000 years
ago. This places clear temporal, and hence environmental and
cultural, bounds on the “forces” responsible for the selection
of this haplotype and presumably the ADH1B∗ 48His allele.

Web resources
ALFRED: http://alfred.med.yale.edu
Specific information on the ADH1B polymorphisms:
http://alfred.med.yale.edu/alfred/recordinfo.asp?condition=
loci.locus_uid=&LO000002C
UCSC Genome Browser: http://www.genome.ucsc.edu/
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