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SUMMARY
Induced pluripotent stem cells (iPSCs) from diverse humans offer the potential to study human functional variation in controlled culture
environments. A portion of this variation originates from an ancient admixture between modern humans and Neandertals, which intro-
duced alleles that left a phenotypic legacy on individual humans today. Here, we show that a large iPSC repository harbors extensive
Neandertal DNA, including alleles that contribute to human phenotypes and diseases, encode hundreds of amino acid changes, and alter
gene expression in speci�c tissues. We provide a database of the inferred introgressed Neandertal alleles for each individual iPSC line,
together with the annotation of the predicted functional variants. We also show that transcriptomic data from organoids generated
from iPSCs can be used to track Neandertal-derived RNA over developmental processes. Human iPSC resources provide an opportunity
to experimentally explore Neandertal DNA function and its contribution to present-day phenotypes, and potentially study Neandertal
traits.
INTRODUCTION

Protocols exist to differentiate human embryonic and
induced pluripotent stem cells (iPSCs) into many different
cell types of the human body ( Williams et al., 2012 ).
In addition, stem cells can self-organize into complex
three-dimensional structures containing multiple cell
types that resemble human tissues (such as the brain,
liver, stomach, intestine, skin, and kidney) ( Clevers,
2016). These stem cell-derived systems can be used to
explore how natural variation between human individ-
uals impacts development, cell biology, and susceptibility
to disease (Banovich et al., 2018; Bonder et al., 2019; Car-
camo-Orive et al., 2017; Kilpinen et al., 2017; Lancaster
and Knoblich, 2014 ). Some of the variation in present-
day humans has been shown to derive from admixture
between modern and archaic hominins. Analyses of
Neandertal genomes revealed that Neandertals and mod-
ern humans interbred approximately 55,000 years ago as
the latter migrated out of Africa. As a consequence,
around 2% of the genomes of all present-day non-Africans
derive from Neandertal ancestors ( Green et al., 2010; Prü -
fer et al., 2014, 2017 ). Because the segments of DNA in-
herited from Neandertals varies between individuals, it
has been estimated that at least 40% of the Neandertal
genome survives in people today ( Vernot and Akey,
2014). Recent genome-wide association studies suggest
that the DNA relics from this admixture left a phenotypic
legacy, in�uencing, for example, skin and hair color,
immune response, lipid metabolism, skull shape, bone
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morphology, blood coagulation, sleep patterns, and
mood disorders ( Dannemann and Kelso, 2017; Danne-
mann et al., 2016; Gunz et al., 2019; Khrameeva et al.,
2014; Quach et al., 2016; Sams et al., 2016; Sankararaman
et al., 2014; SIGMA Type 2 Diabetes Consortium et al.,
2014; Simonti et al., 2016; Vernot and Akey, 2014 ). In
addition, it has been reported that Neandertal-intro-
gressed DNA has a signi�cant effect on gene expression
in adult human tissues possibly as a result of selection
acting on Neandertal variants in regulatory regions ( Dan-
nemann et al., 2017; McCoy et al., 2017; Petr et al., 2019;
Silvert et al., 2019; Telis et al., 2019 ). However, these
associations have been observed in living people or in
tissues, where there is limited opportunity for controlled
experimentation. Furthermore, there are few opportu-
nities to study the impact of Neandertal-introgressed
DNA on developmental processes in modern humans.
The Human Induced Pluripotent Stem Cell Initiative
(HipSci) has generated and characterized a large resource
of human iPSCs with genome-wide genotype data ( Kilpi-
nen et al., 2017 ). Repositories, such as HipSci present an
unprecedented opportunity to identify carriers of Nean-
dertal alleles of interest, which could be used for
controlled experiments in vitro to explore the genetic
mechanisms underlying Neandertal and modern human
phenotypes. However, there has been no detailed evalua-
tion of Neandertal DNA composition within stem cell
resources, and it is unknown which Neandertal-intro-
gressed alleles are available for functional testing using
such experiments.
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