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* Have the same genes arranged in the same order
e Slightly different DNA sequences
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Figure 1 | DNA damage shown or likely to affect ancient
DNA. A short segment of one strand of the DNA double helix

IS shown with the four common bases. Principal sites of
damage are indicated by red arrows. Sites susceptible to
hydrolytic attack are indicated by green arrows and those
prone to oxidative damage by blue arrows. G, guanine; C.,
cytosine; T, thymine; A, adenine. (Modified with permission
from REF. 4 © (1993) Macmillan Magazines Ltd )
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4. Problems and extensions of palaeogenomics
studies

Rgardless of the reasons for the template DNA dam-
_age, itis critical to recognize that shotgun sequence data
“contain a substantial number of errors, large enough (0
affect adversely data analyses. This problem is probably
best illustrated by one of the most recent palacogenomic
studies, the analysis of about 1 million bp of Nean-
derthal DNA sequences [10]. These data were aligned
and compared to the genome sequences of human and
chimpanzee. When the number of substitutions omn the
human and Neanderthal lineages was compared;, it wa:
found that since the split of humans and Nez @‘é.
apparently ten times more substitutions had o¢cursed.e
the Neanderthal lineage. As a 10-fold acceleration‘6fthe""
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i 21.4.1 ( Contaminations |

Since ancient samples usually consist of very few DNA targets, even very minor
contaminations may cause false results. Contaminations may originate from
: various sources and may reveal various degrees of degradation. 'I‘hcrcforc,@l
e (is no simple strategy for how to avoid and detect them.]
Basically, one can subdivide four ways in which contaminations may enter
the analysis:

e Cross-contamination between the ancient sample materials
e Contaminations of the sample material through former or recen
tors

e Contaminations in laboratory reagents and disposable material a
e Contaminations of either sample materials or reagents through
tion product carryover from earlier PCR analyses ALVADOSSADEGH
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Box 2 | Ancient human DNA sequences?

Remains of Late Pleistocene humans have been found in
Upper Cave, Zhokouchien, China™. Two well-preserved,
~30,000-year-old teeth from this site were subjected to

amino-acid analysis. The extent of racemization of L 4_'”2‘0605 GH|
aspartic acid was 0.11 and 0.10, respectively; that is, T
ratios below the value of, for example, the Neanderthal-

<— 100 bp

type specimen (0.12) from which endogenous DNA has
been amplified™. Part of each tooth was ground to
powder and extracted, foming publish;d protocols®.
A mock extraction was processed alongside the samples.
DNA was amplified using primers for the mitochondrial
DNA (mtDNA) 16S rRNA gene, as described®. Both teeth yielded amplification products (lanes 3 and 4), whereas the
mock extract and PCR controls were negative (lanes 1 and 2). A second extraction was analysed from each tooth with
the same result (lanes 5-8). The amplification products were sequenced and shown to be human. Next, a piece of
hypervariable region I of the mtDNA control region was amplified twice from one of the teeth (using primers H16209
and L16303). Direct sequencing, using the primer H16209, revealed a reproducible 93-base-pair (bp) sequence that
differed at one position from over 6,000 contemporary mtDNA sequences at present in the database. When the
experiment was repeated, the same sequence was obtained. At this point, most studies of human remains would be
published, often in a prestigious journal, making the claim that these DNA sequences stem from the human teeth (for
example, REFS 36,51-55).

‘However, when the two control region amplification products were cloned and 20 clones from each were
sequenced, a total of 20 different human sequences were found among the clones. This result is surprising in view of
the fact that only one mtDNA sequence would be expected from a tooth. A further fact that proves that all the above
results are due to contamination — the teeth that were analysed came from cave bears found in Upper Cave rather
than from humans! We facetiously neglected to indicate this above to illustrate the fact that had these been human
teeth, failure to adhere to all the criteria in BOX | would undoubtedly result in the publication of false resullsm

(the problem of contamination, as well as the criteria in BOX 1, is often ignored in published work on ancient human )
(DNA sequences]lt is particularly noteworthy that direct sequencing in this case failed to indicate the complex
mixture of sequences present.
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mitochondrial or nDNA is the target, or whether base sequences of fragment

lengths carry the information, it is obviously unnecessary to discuss the criteria
for ancient DNA analysis (Cooper and Poinar 2000), since they do not consider
any of the differences mentioned and are therefore overemphasized. An experi-
mental design following these published regulations would most of all match th
analysis of human mitochondrial HVR DNA from a single sample. Buf g{é)amy
this particular application, following all criteria and regulations does no\@zﬁd’n ]

a full proof of authenticity since cross-contaminations and contaminati
through earlier investigators cannot be ruled out. JALVADOSSADEGH
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21.5 Basic strategies in experimental design

There is no general strategy for how to carry out an ancient DNA analysis, but the
most determining factors for the experimental set up are the sample material
itself, the scientific question, and the properties of the DNA sequence in focus.

These factors should be considered in making the decision for possibly necessary
preexperiments (e.g., check for contamination rates in amplification tubes), the
choice of appropriate sets of negative and positive controls, and the design of the
amplification and analysis strategy.

21.5.3 Amplification strategies

. - o g . . ALVADOSSADEGH
In general, there is no optimal amplification strategy, but the basic experimental |
design must be deduced from the scientific question and the sequence in focus

(© Figure 21.4). However, there are some primary aspects which should be

% considered.
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Genetic Structure |

of Human Populatior siyf—ﬁ

Noah A. Rosenberg,'* Jonathan K. Pritchard,? jamés \\Weger
Howard M. Cann,* Kenneth K. Kidd,® Lev A. Zhivotovs$ y."
Marcus W. Feldman’ ok loootecicon suciots

We studied human population structure using genotypes at 377 autosomal
microsatellite loci in 1056 individuals from 52 populations, Within-population
differences among individuals account for 93 to 95% of genetic variation;
differences among major groups constitute only 3 to 5%. Nevertheless, without
using prior information about the origins of individuals, we identified six main
genetic clusters, five of which correspond to major geographic regions, and
subclusters that often correspond to individual populations. General agreement
of genetic and predefined populations suggests that self-reported ancestry can
facilitate assessments of epidemiological risks but does not obviate the need
to use genetic information in genetic association studies.
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1. Estimated population structure. Each individual is represented by a

Fig.

TF\%\ vertical line, which is partitioned into K colored segments that represent
the individual's estimated membership fractions in K clusters. Black lines
separate individuals of different populations. Populations are labeled below
the figure, with their regional affiliations above it. Ten structure runs at each

K produced nearty identical individual membership coefficients, having pair-
wise similarity coefficients above 0.97, with the exceptions of comparisons
involving four runs at K = 3 that separated East Asia instead of Eurasia, and
one run at K = 6 that separated Karitiana instead of Kalash. The figure
shown for a given K is based on the highest probability run at that K.
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Figure 2. Population Structure Inferred from Microsatellite and Insertion/Deletion Polymorphisms
(A) Representative estimate of population structure for 1,384 individuals from worldwide populations, including 432 individuals from India. The plot
represents the highest-likeli run among ten ST runs with K — 7 clusters. Eight of the other nine runs identified a cluster largely
corresponding to India, and five of these eight produced plots nearly identical to the one shown,

(B) Representative estimate of population structure for the 432 individuals from India (based on all 1,200 markers). The plot, with K = 4 clusters,
represents the highest-likelihood run among all 80 runs performed with K = 1. None of the 80 runs produced clusters that contained the full ancestry of
any particular individual. Across these runs, the clusteredness statistic [21], which measures the extent to which a randomly chosen individual has
membership in one as opposed to many clusters, ranged from 0,07 to 0.09,

doi:10.1371/journal.pgen.0020215.g002
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