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An Introduction to Bioinformatics Algorithms  www.bioalgorithms.info

Central Dogma: DNA -> RNA -> Protein

DNA CCTGAGCCAACTATTGATGAA
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Fig. 2. Overview of inferred admixture for 95 human populations. (A)
Coancestry curve for the Maya for Spanish donor group (inferred as dosest
to minor admixing source), with green fitted line showing inferred expo-
nential decay curve and a corresponding recent admixture date (with 95%
Cls). (B and C) As (A), but showing the Druze and Kalash, respectively, with
different indicated donors (donors indicated are proxies for minor admixing
source, inferred as closest to Yoruba and Germany/Austria, respectively) and
with successively older admixture. (D) On the map (locations approximate in
densely sampled regions), shapes (see legend) indicate inference: no ad-
mixture, a single admixture event, or more complex admixture. Colors
indicate fineSTRUCTURE clustering into 18 clades (table S11 and figs. S12
and $13). Inferred date(s) and 95% Cls are directly below the map, with two
inferred admixing sources (dots and vertical bars) shown below each date

(see example for simulation of Fig. 1 at left). For multiple admixture times,
these two sources comrespond to the more recent event; for multiple groups,
they reflect the strongest admixture “direction.” Colored dots above each bar
indicate clades best representing the major (top) and minor (bottom)
sources. The bar is split at the inferred admixture fraction (horizontal line,
fractions <5% shown as 5%). Each bar section indicates the inferred donor
group haplotypic makeup, colored as the map, for one source. Shaded boxes
on the inferred admixture times denote events referred to in the text,
specifically (label 1) European colonization of the Americas (1492 CE to
present, fuchsia); (2) Slavic (500 to 900 CE, pink) and Turkic (500 to 1100
CE, maroon) migrations; (3) Arab slave trade (650 to 1900 CE, cyan); (4)
Mongol empire (1206 to 1368 CE, purple); and (5) Khmer empire (802 to
1431 CE, orange).
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A Draft Sequence of the
Neandertal Genome

Richard E. Green,**t1 Johannes Krause,t§ Adrian W. Briggs,"t§ Tomislav Maricic,"t§

Udo Stenzel,’t§ Martin Kircher,"t§ Nick Patterson,t§ Heng Li,’t Weiwei Zhai, >l

Markus Hsi-Yang Fritz,*t Nancy F. Hansen,>t Eric Y. Durand,®t Anna-Sapfo Malaspinas,t
Jeffrey D. Jensen,®t Tomas Marques-Bonet,”"*3t Can Alkan,”{ Kay Priifer,*t Matthias Meyer,t
Hernan A. Burbano,'t Jeffrey M. Good, 21 Rigo Schultz,* Ayinuer Aximu-Petri,* Anne Butthof,*
Barbara Héber,* Barbara Hoffner,® Madlen Siegemund,® Antje Weihmann,* Chad Nusbaum,?
Eric S. Lander,? Carsten Russ,® Nathaniel Novod,? Jason Affourtit,” Michael Egholm,’
Christine Verna,?* Pavao Rudan,®® Dejana Brajkovic,** Zeljko Kucan,® Ivan Gusic,*°
Vladimir B. Doronichev,? Liubov V. Golovanova,*? Carles Lalueza-Fox,*> Marco de la Rasilla,
Javier Fortea,*q] Antonio Rosas,*® Ralf W. Schmitz,***7 Philip L. F. Johnson,*®t Evan E. Eichler,’t
Daniel Falush,'”t Ewan Birney,*t James C. Mullikin,>t+ Montgomery Slatkin,>t Rasmus Nielsen,t
Janet Kelso,'t Michael Lachmann,t David Reich,>?%*t Svante Padbo'*t

Neandertals, the closest evolutionary relatives of present-day humans, lived in large parts of Europe
and western Asia before disappearing 30,000 years ago. We present a draft sequence of the Neandertal
genome composed of more than 4 billion nucleotides from three individuals. Comparisons of the
Neandertal genome to the genomes of five present-day humans from different parts of the world
identify a number of genomic regions that may have been affected by positive selection in ancestral
modern humans, including genes involved in metabolism and in cognitive and skeletal development.
We show that Neandertals shared more genetic variants with present-day humans in Eurasia than with
present-day humans in sub-Saharan Africa, suggesting that gene flow from Neandertals into the
ancestors of non-Africans occurred before the divergence of Eurasian groups from each other.
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The genomic landscape of Neanderthal ancestry in
present-day humans

Sriram Sankararaman'?, Swapan Mallick"2, Michael Dannemann®, Kay Priifer®, Janet Kelso®, Svante Piibo®, Nick Patterson?
& David Reich"*

doi:10.1038/nature12961
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Figure 1 | Maps of Neanderthal ancestry. a, Individual maps; the marginal
probability of Neanderthal ancestry for one European-American, one east-
Asian and one sub-Saharan-African phased genome across chromosome 9.
b, Population maps; estimate of the proportion of Neanderthal ancestry in
European individuals (red) and east- Asian individuals (green), averaged across
all individuals from each population in non-overlapping 100-kb windows on
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