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ONLINE METHODS

Design of study. Laboratories that agreed to contribute cell lines to the study
were asked to provide four preparations of DNA from a culture of each cell
line to be analyzed, two preparations from as early a passage as possible and
two from as late a passage as possible (Supplementary Note 1, protocol for
DNA preparation). The samples were coded and shipped directly, one pair
of early- and late-passage DNA for SNP analysis to the Genome Institute,
A*STAR, Singapore, and one pair of samples for DNA methylation analysis to
the University of Southern California. The laboratories were also asked to pre-
pare fixed hypotonic-treated samples of cells at both passage levels, following
culture in colcemid, according to a specified protocol (Supplementary Note 2).
These samples were shipped to the University of Sheffield for preparation and
karyotypic analysis of metaphase spreads. Ideally the laboratories were asked to
provide the material for both DNA analyses and the cytogenetic analysis from
the same cultures of the cells. In a few cases this could not be done, for example,
when a first sample did not meet quality control criteria and additional samples
had to be prepared, but all samples were provided from as close a passage as
possible. The full details of each cell line included in the study, the passage
levels of each sample and culture details, including split ratios, culture time
between passages, and medium and subculture methodology, are provided in
Supplementary Table 1.

Karyology. Chromosome analysis was carried out in accord with the general
principles developed by the International Stem Cell Banking Initiative®®.
Briefly, cells were to be cultured in the presence of 0.1 pg/ml colcemid
(Invitrogen) for up to 4 h, followed by dissociation with 0.25% trypsin/versene
(Invitrogen). The cells were pelleted by centrifugation and resuspended in
prewarmed 0.0375 M KCl hypotonic solution and incubated for 10 min. After
centrifugation the cells were resuspended in fixative (3:1 methanol/acetic
acid) and sent to the central karyotyping facility, where metaphase spreads
were prepared on glass microscope slides and G-banded by brief exposure to
trypsin and stained with 4:1 Gurr’s/Leishmann’s stain (Sigma-Aldrich). (See
Supplementary Note 2 for detailed protocols.) A minimum of 10 metaphase
spreads were analyzed in detail and a further 20 counted and scored from
both the early- and late-passage cultures. A 30-cell examination can exclude
mosaicism at the 10% level with 95% confidence®. Analysis was performed
by a Health Professionals Council registered Clinical Cytogeneticist in a
CPA accredited laboratory (Duncan Baker DipRCPath, Sheffield Diagnostic
Genetic Services, Sheffield Children’s NHS Foundation Trust and the CSCB,
University of Sheffield). A representative image of each cell line was captured
using Applied Imaging’s Cytovision system. All abnormal karyotype results
were confirmed by two other experienced analysts (Tamar Golan-Lev, Hebrew
University, Jerusalem, and Karen Montgomery, WiCell).

Cell lines were described as abnormal if at least two cells were found with
the same chromosome aberration. Fluorescent in situ hybridization (FISH) was
used to characterize abnormalities when appropriate. Abnormalities confined
to a single cell were recorded (Supplementary Table 2). For those in which the
single cell abnormality involved chromosomes 1, 12, 17 or 20, interphase FISH
analysis with appropriate probes (Supplementary Table 2) was performed to
confirm or exclude low level mosaicism. FISH analysis was also performed,
on the early-passage cultures of those cell lines with normal early cultures
and abnormal late cultures to confirm or exclude low-level mosaicism in the
early passage.

SNP array analysis. To analyze genomic structural variations below the reso-
lution of standard chromosomal banding analysis, we chose the Illumina 1M
Quad SNP array technology. In addition to providing the ability to detect struc-
tural variants by virtue of appropriately spaced invariant genetic features, the
SNP features allowed characterization of the population structure between all
human ES cell lines analyzed. The samples received were run on the Illumina
1M Quad platform and the data were subjected to structural variant quality
control (QC) assessment in which the minimum number SNP/structural
variant = 10, the minimum length of structural variant = 1 kb, the minimum
confidence score for structural variant call = 10, the Log R Ratio s.d. < 0.35,
the B allele freq s.d. < 0.06 and the waviness factor -0.04 < WF < 0.04.
PLINKS was used to detect genetically related samples (early- and late-
passage paired samples and other sibling relationships) and the related samples
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with the lower call-rate were removed. QC was performed on these samples,
by excluding structural variant probes, nonautosomal SNPs, and samples
and SNPs with call-rates <95%. Thereafter, 982,351 SNPs from 114 unrelated
samples were merged with three publicly available data sets: HGDP, Hapmap
Phase 2 (release 23) and the Pan-Asian SNP Initiative (PASNPI). Additional
QC was then performed on the merged data set by exclusion of samples and
SNPs with call-rates <95% and monomorphic SNPs. Furthermore, we excluded
the extremely diverse southeast-Asian samples in PASNPI, to focus the ana-
lyses on human ES cell origins in Africa, Europe, Central-south Asia and East
Asia. Ultimately, the merged data set contained 1,967 samples and 11,279
SNPs. Subsequently, a series of PC analyses (PCAs) were performed. The PCAs
were performed using smartpca from the software EIGENSTRAT®® (found in
EIGENSOFT, http://genepath.med.harvard.edu/~reich/Software. htm).

The first PCA was performed on the entire final merged data set. The scatter
plot of PC2 against PC1 of this PCA was then dissected into four sectors,
based primarily on the global regions of Africa (PC2 < —0.04), Middle East-
Europe-Central-South Asia (PC1 > 0.005 and PC2 > 0.008), Oceania-America-
Central-South Asia (-0.015 < PC1 < 0.005) and East Asia (PC1 < —0.015).
(Fig. 1a). PCAs were then reperformed on the samples found in these four
sectors. Notably, most of the human ES cell samples were concentrated in the
European sector (with the HGDP-Europe and HapMap European cluster).

Hence, to further elucidate the origins of the human ES cell lines in Europe,
we removed 16 human ES cell European outliers in the Central-south Asia-
Europe-Middle East sector (Fig. 1d); these are considered to be of dubious
ancestry, suspected to originate from two groups: Central-south Asian or
Southern European or mixed from both; Middle Eastern or Eastern European
or mixed from both. Lack of reference populations and insufficient SNPs could
be possible reasons for this uncertainty in determination of ancestry. The
remaining human ES cell samples (found in the European cluster) were then
merged with 1,385 samples and 168,352 SNPs from the POPRES European
data set*>, (The sample and SNP lists were obtained through correspondence
with the author.) This second merged data set between human ES cell and
POPRES European data yielded 1,448 samples and 55,972 SNPs, after exclud-
ing samples and SNPs with call rates <95% and monomorphic SNPs. PCA was
then performed again on this data set (Fig. 1b). Color coding was deliberately
implemented in a similar manner to that of reference .

The human ES cell lines were classified into broad categories of European,
Asian, African and other ancestries and then further subclassified into ethni-
cities listed in Table 1. Human ES cell samples that are full siblings of the 114
samples were included, resulting in a total of 120 human ES cell lines.

Frequency and mapping analysis of SNP data. The PennCNV*7 Hidden-
Markov model algorithm was used to identify structural variants in the ISCI
samples with human hg18 as the reference genome. High-quality structural
variant calls were filtered as follows: first, samples were checked for overall
quality using the following criteria from the PennCNV output: 0.01 < BAF_
drift < 0.01; -0.05 < WF < 0.05; LRR_SD < 0.35. Second, individual structural
variant calls for samples passing QC were assessed as follows: minimum SNPs
per structural variant > 10; structural variant Length > 1K; PennCNV confi-
dence threshold > 10. Most samples that failed quality control either exhibited
extensive karyotypic abnormalities and/or bad SNP call rates, both of which
could contribute to difficulties in structural variant detection. The samples that
did pass quality control identified 39,926 deletions of an average size of 23.1 kb
and 14,351 duplications of an average size of 117.4 kb in length. These size and
total number differences between deletions and duplications is consistent with
previous structural variant studies of human populations*’. The sensitivity of
detection was in the 5-10% range based on CNV calls in regions identified as
amplified by karyotype analysis.

DNA methylation analysis. 1 [1g of genomic DNA was treated with sodium
bisulfite using the Zymo EZ-96 DNA Methylation Kit (Zymo Research)
following the manufacturer’s recommended protocol. DNA methylation
measurements were generated using the Illumina GoldenGate DNA methy-
lation platform as previously described®, at the University of Southern
California Epigenome Center production facility. The sequences assayed
were previously identified>® as targets of SUZ12, a subunit of the Polycomb
Repressive Complex 2, in the nonrepetitive portion of the genome in human
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ES cells (Supplementary Table 4 array loci, sequences, etc). DNA methyla-
tion measurements (B-values) were generated for 1,452 autosome and 84
X-linked loci.

To obtain a global view of the DNA methylation changes undergone by
each cell line pair from the early to the late passage, CDF curves were gene-
rated. CDF curves were chosen because they are able to concomitantly capture
and visually represent the changes detected in all loci analyzed in a single
line. To test whether increased passage number correlated with increase in
the number of loci gaining DNA methylation, we calculated the difference
in passage number between the early and the late member of each cell line
pair, ranked these differences and divided the samples into quartiles based
on passage-number difference. To investigate whether sibling lines behaved
similarly in terms of DNA methylation changes, we calculated the number of
loci with an absolute DNA methylation difference >210% between the early
and late member of each pair of sibling lines. We then compared whether the
total number of loci with the specified absolute change in DNA methylation
differed significantly from the number of loci undergoing a similar change

NATURE BIOTECHNOLOGY

in pairs of unrelated lines using a Wilcoxon signed-rank test. The data were
analyzed using the R statistical programming package version 2.12.1 (http://
Www.r-project.org/).

Cell line availability. Supplementary Table 5 provides contact information
and conditions of availability for the cell lines described in this study.
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