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Abstract Copy number variations (CNVs) have provided

a dynamic aspect to the apparently static human genome. We

have analyzed CNVs larger than 100 kb in 477 healthy

individuals from 26 diverse Indian populations of different

linguistic, ethnic and geographic backgrounds. These

CNVRs were identified using the Affymetrix 50K Xba 240

Array. We observed 1,425 and 1,337 CNVRs in the deletion

and amplification sets, respectively, after pooling data from

all the populations. More than 50% of the genes encom-

passed entirely in CNVs had both deletions and amplifica-

tions. There was wide variability across populations not only

with respect to CNV extent (ranging from 0.04–1.14% of

genome under deletion and 0.11–0.86% under amplification)

but also in terms of functional enrichments of processes like

keratinization, serine proteases and their inhibitors, cad-

herins, homeobox, olfactory receptors etc. These did not

correlate with linguistic, ethnic, geographic backgrounds

and size of populations. Certain processes were near exclu-

sive to deletion (serine proteases, keratinization, olfactory

receptors, GPCRs) or duplication (homeobox, serine prote-

ase inhibitors, embryonic limb morphogenesis) datasets.

Populations having same enriched processes were observed

to contain genes from different genomic loci. Comparison of

polymorphic CNVRs (5% or more) with those cataloged in

Database of Genomic Variants revealed that 78% (2473) of

the genes in CNVRs in Indian populations are novel. Vali-

dation of CNVs using Sequenom MassARRAY revealed

extensive heterogeneity in CNV boundaries. Exploration of

CNV profiles in such diverse populations would provide a

widely valuable resource for understanding diversity in

phenotypes and disease.

Introduction

Copy number variations (CNVs) include amplifications,

deletions and insertions of genomic DNA (gDNA)

sequences with sizes ranging from 1 kb to several mega-

bases (Iafrate et al. 2004; Redon et al. 2006; Sebat et al.

2004; Tuzun et al. 2005).These are being increasingly

implicated in human phenotypic diversity and diseases

(Conrad et al. 2010; Craddock et al. 2010; Fanciulli et al.

2007; Gonzalez et al. 2005; Hasin-Brumshtein et al. 2009;

Itsara et al. 2009; Kusenda and Sebat 2008; Perry et al.

2007; Sebat et al. 2007; Walsh et al. 2008). Compared to

SNPs, CNVs can contribute to substantial heterogeneity in

genomic architecture (number, type, effect, size) within a

gene leading to diversity in readouts (Conrad et al. 2010;

Itsara et al. 2009). A cumulative effect of these variations is

thus likely to impact genomes in much more heterogeneous

manner than SNPs. This might also explain some of the
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missing heritability in the genome wide association studies

(Eichler et al. 2010; Estivill and Armengol 2007; Frazer

et al. 2009; McCarroll and Altshuler 2007).

Moderate-sized CNVs in the range of 20–100 kb have

been identified and catalogued extensively over the past

few years. However, there have been very few reports

exclusively addressing the larger sized ([100 kb) variants

in healthy as well as diseased individuals (Kirov et al.

2009; Lopez et al. 1999). A search through the Database

of Genome Variation (http://projects.tcag.ca/variation/

downloads/variation.hg18.v8.txt) (Iafrate et al. 2004) that

houses CNVs in normal healthy individuals reveals that about

23% of the CNVRs are larger than 100 kb (Supplementary

Figure 01). These variants are anticipated to impact function to

a greater extentbecause of their potential to disrupt larger genic

content and hence might affect the physiology in affected

person or play a much broader role in driving adaptive changes

at population levels. Though these large sized variants are

individually rare, they could collectively contribute to com-

mon diseases/traits at the population level a fact that has been

recently highlighted (Walsh et al. 2008; Eichler et al. 2010).

The relative extent of different sized CNVs in the genome

need to be ascertained in diverse populations to understand

their contribution to phenotypic diversity (Eichler et al.

2010). A large number of CNVs studies in healthy population

have been reported from the HapMap and CEPH-HGDP as

well as other world populations (Conrad et al. 2010; Itsara

et al. 2009; Jakobsson et al. 2008; McCarroll et al. 2008;

Redon et al. 2006). Though majority of these studies have

cataloged the CNV repertoire, a few studies have also

reported clinal patterns of their distribution and also high-

lighted involvement in adaptive phenotypes (Jakobsson et al.

2008; Kim et al. 2007). For instance, CNVs in amylase gene

have been shown to be positively selected in populations that

have a high starch diet (Perry et al. 2007).

Indian population that comprises nearly one-sixth of the

world population, harboring a large fraction of human

diversity and also bridging global populations (Abdulla

et al. 2009; Reich et al. 2009; The HUGO Pan-Asian SNP

consortium 2009; Basu et al. 2003; Sengupta et al. 2006)

have not been as yet studied for CNVs. The Indian popu-

lations are highly endogamous, differ in population size

and dietary habits, inhabit different geographical regions

and have differences in endemicity for diseases (Cann

2001; Majumder 1998; Malhotra 1978; Majumder 2001).

These populations have also been shaped by different

degrees of recent and past admixture events and social

structure that govern mating patterns (Indian Consortium

Genome Variation 2008). All these could contribute

immensely not only to the CNV repertoire but also provide

an enormous opportunity to explore the possible involve-

ment of CNVs in adaptive phenotypes through biological

pathways that cross talk with environment like immune

response, drug detoxification etc. In this study, we report

the extent and distribution of large CNVs ([100 kb) in 477

healthy individuals from 26 populations of Indian Genome

Variation Consortium panel from diverse linguistic lin-

eages (Indo-European, Tibeto-Burman, Austro-Asiatic,

Dravidian) and ethnic groups from different geographical

habitats which represent the entire genetic spectrum of

India (Indian Consortium Genome Variation 2008; Singh

2002). The copy number altered regions were identified

using the Affymetrix 50K Xba 240 GeneChip Human

Mapping arrays. We observed 1,425 and 1,337 CNVRs

in the deletion and amplification set, respectively, after

pooling data of all the populations. There was a wide

variability across populations ranging from 0.04 to 1.14%

of genome under deletion and 0.11 to 0.86% under

amplification. More than 50% of the genes encompassed

entirely in CNVs were common in deletion and amplifi-

cation set. Polymorphic genes (5% or more) in Indian

populations when compared with CNVRs catalogued in

Database of Genomic Variants (DGV) revealed that 78%

(2473) of the genes present in Indian populations are novel.

We also observed substantial heterogeneity in the CNV

boundaries. A subset of genes was also validated on the

Sequenom MassARRAY platform. Functional annotation

clustering analysis revealed significant (p \ 0.001) enrich-

ment of biological processes and gene families related to

keratinization, serine proteases and their inhibitors, signal

transduction, olfactory receptors, caspase activation, cad-

herins, and immune response process within CNVRs.

Materials and methods

Sample collection and genotyping

A total of 547 healthy and unrelated subjects (323 males and

224 females) from 26 different populations of the Indian

Genome Variation (IGV) Panel were studied. The popula-

tions sampled, reside in different geographic regions across

India and are derived from diverse linguistic groups and

ethnicities. These includes populations from AA (Austro-

Asiatic), IE (Indo-European), TB (Tibeto-Burman) and DR

(Dravidian) and ethnic groups as LP (Large population), IP

(isolated Population),SP (Special populations/Religious

groups) and one out-group population of East African origin

(OG). All populations reside in different geographical

regions-N (North), S (South), W (West), E (East), NE

(North–East) and C (Central) of India (Indian Genome Var-

iation Consortium 2005) (Supplementary Figure 02).

Genotyping of samples were carried out using

Affymetrix 50K Xba 240 GeneChip Human Mapping array

(Affymetrix, Santa Clara, CA USA). 50 ng of DNA sam-

ples were processed on the arrays following the
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manufacturer’s recommended protocols. The intensity

files were then analyzed using three different softwares-

Affymetrix’s Genotyping Console 3.0.2 which is based on

Hidden Markov Model (HMM) and Golden Helix’s SNP

and Variation Suite 7 (SVS7) which employs circular

binary segmentation (CBS) algorithm to call CN altered

regions and a novel method cn.FARMS to call CNV from

the same raw files while controlling FDR simultaneously.

Identification of CNVRs

Our study was focused towards identification of larger

CNVRs in the genome and their extent and distribution

across the Indian populations. We used a set of 30 samples

mixed gender reference set to call CN altered regions in the

447 test samples which passed the QC criteria. These ref-

erence samples were selected randomly from the Indian

populations. We queried segments larger than 100 kb in

length using Genotyping Console 3.0.2 (GTC 3.0.2). This

array has mean inter-probe distance of 48 kb (for autoso-

mal chromosomes) and median inter-probe distance of

17 kb, but about 25% of probe-pairs are only 1 kb apart

and a total of 35% of probe-pairs are 5 kb apart (Supple-

mentary Figure 03). We further applied stringency criteria

that a CN altered region should contain a minimum of 10

probes per segment with the inter-probe distance not more

than 50 kb. We further reduced this inter-probe distance to

just 20 kb in case of CNVRs larger than 1 Mb in size. This

gives a fairly good confidence over detecting large

([100 kb) CNVs across genome.

Concordance with FDR-controlled data

We cross validated our CNVRs using a novel method

cn.FARMS (Clevert et al. 2010) which detects CN-altered

regions in a FDR-controlled manner. cn.FARMS works on

probabilistic latent variable model, optimized by a Bayes-

ian maximum a posteriori approach. It performs both single

as well as multi-loci CNV analysis and as more probes per

locus are combined the more the FDR is reduced. In calling

CNV through cn.FARMS, we put the same criteria of at

least 10 contiguous probes as employed in GTC3.0.2

pipeline which is also recommended by the cn.FARMS for

obtaining low False Discovery Rate. The CNV regions thus

detected are compared to the CNV regions detected by

GTC3.0.2 using stringent criteria of sample-level compar-

ison, while doing this we also tightly controlled the extent

up to which the given two segments overlap in length.

Functional enrichment of genes within CNVRs

Genes encompassed entirely within the CNV segments

were considered for functional enrichment analysis. We

excluded all the genes which were either partially overlapped

by or larger than the CNV segments themselves. CNVs were

annotated using 21,095 RefSeq genes’ list from UCSC (March

2006 NCBI 36 from http://genome.ucsc.edu).

Gene ontology analysis was carried out by functional

annotation clustering from DAVID bioinformatics resources

2008 (http://david.abcc.ncifcrf.gov/) (Huang et al. 2009).

A ‘high’ classification stringency and a cutoff p \ 0.001

(Fisher exact p value) was considered to identify the func-

tionally enriched categories.

Validation of CNVs by Sequenom MassARRAY

platform

We validated a subset of eight polymorphic genes and three

non-polymorphic genes from our data using the Sequenom

MassARRAY platform (Ding and Cantor 2003). Briefly,

the experiment involves co-amplification of the target

region along with the competitor sequence, followed by

primer extension and detection on the MassARRAY plat-

form and estimation of copy number. A set of three copy

neutral 2N controls as recommended by Sequenom were

used. The details are provided below.

Primer design

Primers were designed from non-repetitive regions devoid

of SNPs using MassARRAY Assay Design version 3.0. A

competitor sequence that differs by a single nucleotide at

the extension site was also synthesised for all the targets

(Supplementary Table 01).

Real competitive PCR

Initial titrations were performed to decide the optimum

competitor concentrations prior to setting up the reaction.

PCR was performed on ABI thermocyclers in 5 lL reaction

using 25 ng of dried-down gDNA (genomic DNA). 0.1 lM

PCR primer mix, 500 lM dNTPs mix, 1.259 PCR buffer

(1.875 mM MgCl2), 1.625 mM MgCl2 and 0.5 units of Hot-

star Taq polymerase and 0.35 lL of HPLC grade water. The

PCR cycling conditions were 94�C for 15 min, followed by 45

cycles of 94�C for 20 s, 56�C for 30 s and 72�C for 1 min

followed by 72�C for 3 min. A dynamic range of four com-

petitor concentrations was used for each assay across samples.

SAP Treatment The PCR-amplified products were trea-

ted with shrimp alkaline phosphatase (SAP) enzyme to

dephosphorylate the leftover nucleotides. We used 0.51 units

of SAP enzyme and 0.249 of SAP Buffer and 1.53 lL of

HPLC grade water in 7 lL reaction, and incubated the mix at

37�C for 40 min followed by 85�C for 5 min.

Primer Extension Primer Extension was performed

on ABI thermocyclers in 9 lL reactions using 7 lL of
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SAP-treated PCR product adding each extension primer in

a concentration of between 0.625 and 1.5 lM depending on

the mass of the probe, 0.229 of iPLEX buffer, 0.2 lL of

iPLEX Termination Mix, 0.041 lL of iPLEX enzyme and

0.875 lL of HPLC grade water. The PCR conditions were

94�C for 30 s, followed by 40 cycles of 94�C for 5 s, and a

nested 5 cycles of 52�C for 5 s and 80�C for 5 s followed

by 72�C for 3 min.

Desalting and detection on MassARRAY platform

The primer extension products were then desalted using a

6 mg cationic exchange resin and spotted on a Spectro-

CHIP, which is a chip array preloaded with the components

needed for MALDI-TOF Mass Spectrometry sample

preparation. During mass spectrometric analysis, the peak

areas of the distinct mass signals for the competitor and

gDNA (genomic DNA of interest) extension products were

calculated by the QGE software.

Calculation of CN state from Sequenom MassARRAY

analysis

Estimation of the copy number state was carried out by

calculating the ratio of EC50 (equivalence point) value for

the target region and that of the 2N control for each sample.

EC50 values were calculated in the QGE software using

non-linear regression analysis and represent the concen-

tration of the competitor at which the frequencies of gDNA

and competitor are equal (0.5:0.5).

Results

Distribution of large CNVRs regions

We observed a total of 70,386 and 73,640 raw segments in

the deletion and amplification dataset, respectively, in all

the 26 populations (Table 1, Supplementary Table 02). The

Table 1 Details of populations analyzed in the current study

S. no. Population code No. of samples Female samples Male samples Geographic region Ethnicity

1 AA-C-IP5 18 11 7 C Isolated population

2 AA-NE-IP1 20 3 17 NE Isolated population

3 DR-C-IP2 15 8 7 C Isolated population

4 DR-S-LP 25 13 12 S Large population

5 DR-S-LP3 20 9 11 S Large population

6 IE-E-IP1 14 8 6 E Isolated population

7 IE-E-LP2 27 12 15 E Large population

8 IE-E-LP4 18 5 13 E Large population

9 IE-NE-IP1 16 7 9 N Isolated population

10 IE-NE-LP1 20 10 10 N Large population

11 IE-N-IP2 24 9 15 N Isolated population

12 IE-N-LP1 20 11 9 N Large population

13 IE-N-LP10 24 7 17 N Large population

14 IE-N-LP18 23 15 8 N Large population

15 IE-N-LP5 20 13 7 N Large population

16 IE-N-LP9 20 7 13 N Large population

17 IE-N-SP4 20 7 13 N Religious group

18 IE-W-IP2 25 6 19 W Isolated population

19 IE-W-LP1 23 6 17 W Large population

20 IE-W-LP2 20 5 15 W Large population

21 IE-W-LP3 24 6 18 W Large population

22 IE-W-LP4 20 1 19 W Large population

23 OG-W-IP 20 8 12 W Isolated population

24 TB-NE-LP1 14 5 9 NE Large population

25 TB-N-IP1 19 6 13 N Isolated population

26 TB-N-SP1 26 20 6 N Religious group

The populations have been labeled according to linguistic AA (Austro-Asiatic), IE (Indo-European), TB (Tibeto-Burman) and DR (Dravidian),

geographical region N (North), S (South), W (West), E (East), NE (North–East) and C (Central) of India and ethnicity LP (Large population),

IP (isolated Population), SP (Special populations/Religious groups). Further details are provided in ‘‘Materials and methods’’
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segments were merged (with criterion of more than 50 kb

overlap) to generate non-redundant population-wise

CNVRs. This reduced the total number of segments to

12,860 and 11,354 in the deletion and amplification data-

sets, respectively. Upon pooling all the populations, the

non-redundant CNVRs generated in the same manner as

above in the deletion and amplification sets were further

reduced to 1,425 and 1,337 CNVRs, respectively, (Sup-

plementary Table 03). These CNVRs were distributed

across all the chromosomes and in some regions were

observed to have both deletions and amplifications (Fig. 1).

The differences in CNV extents across different chromo-

somal regions were more apparent when plotted sepa-

rately as some populations were found to be CNV rich

while some were relatively CNV poor (Supplementary

Figure 04).

As anticipated the large CNVRs were rarer than the smaller

ones in both the deletion and amplification sets when seen in

pooled data (Fig. 2) or when observed in data divided

according to the sample frequency (Fig. 3a). It was observed

that amplified segments and hemizygous deletions were not

only more common but also largest in any sample bin as

compared to the homozygous deletions, further homozygous

deletions were rarer as compared to the hemizygous deletions

in different sample bins (Fig. 3a).

In both the deletion and amplification sets when the

CNVs were classified according to their abundance, we

observed that the mean and median size of segments in rare

Fig. 1 Chromosomal landscape

of common CNV regions in all

the populations pooled together.

The CNVRs plotted are present

in 5% of the population.

Deletion and amplification are

represented by red and blue
bars, respectively. Sparse

presence of CNV is some

chromosomal regions are due to

lesser probe representation
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class (B5%) were larger than the common ([5%) CNVs

(Table 2). Further, the maximum size observed in both the

deletion and amplification datasets was also observed to be

higher in the rare class. This could be due to the occurrence

of larger singleton CNVs.

Extent of CNVRs in diverse Indian populations

We observed a wide variation in terms of the genomic

fraction affected by CNVs across different populations

ranging from as low as 0.04% in AA-C-IP5 to 1.14% in IE-

N-LP10 in deletion dataset and from 0.11 to 0.86% in the

amplification datasets. This variability was not correlated

with the similarities based on-population size, language,

ethnicity and geographical distributions and genetic affin-

ities (Fig. 3b). For instance, IE-N-LP1 an Indo-European

population residing in North India had much lower fraction

of genome in CNV (0.16% in deletion, 0.15% in amplifi-

cation) compared to IE-N-LP10 (1.14% in deletion, 0.86%

in amplification) which also belongs to the same group. Sim-

ilarly populations of smaller sizes (\1 million) those repre-

sented as IPs e.g. IE-N-IP2 (0.31% in deletion, 0.33% in

amplification) did not have difference in CNV extent when

compared to larger populations ([10 million) those denoted by

LPs e.g. IE-N-LP9 (0.28% in deletion, 0.33% in amplification)

in spite of similar geographic region and ethnicity. There were

contrasting differences even between IPs of the same genetic

and linguistic lineage for example AA-C-IP5 (0.04% in dele-

tion, 0.11% in amplification) and AA-NE-IP1 (0.56% in

deletion, 0.67% in amplification). CNV profiles of pooled data

from all populations masked the contrasting differences

observed across population (Supplementary Figure 04).

Further, we performed multiple correspondence dis-

criminant analysis (MCDA) on all 26 Indian populations

using a set of 632 common CNVs (present in more than

10% of cohort) to detect population stratification (Caceres

et al. (2010)). Members of five groups as inferred from our

earlier SNP analysis (Indian Genome Variation Consortium

2008) separated into three major clusters. (Supplementary

Figure 05). Two groups of IE-large population (Groups 1

and 3) did not separate out into distinct CNV clusters.

Concordance of CNVs identified with different CNV

calling methods and publicly available CNV data

We also cross validated the results using Golden Helix’s SNP

and Variation Suite 7(SVS7) and cn.FARMS method. We

used two distinct softwares, Genotyping console 3.0.2 and

Golden Helix’s SNP and Variation Suite 7 that are based on

different algorithms to identify CN altered regions. We

observed a concordance of around 50% between these two

softwares (Fig. 4) where the 79–87% of the calls by the second

software (SVS7) are also called by GTC 3.0.2. More than half

(50–65%) of the genes in CNVs were reported to be shared

between deletion and amplification datasets by both the soft-

wares (Fig. 5).

We also used cn.FARMS method that work on different

algorithms and calls CNVs controlling FDR of the data.

Total raw calls detected using GTC 3.0.2 method when

compared with the FDR-controlled CNVs data obtained from

cn.FARMS, showed 73% concordance when segments were

matched sample-wise where overall segments’ overlap

Fig. 2 Size distributions of large CNVs in a deletion b amplification

datasets. The X-axis represents segment size (kb) and Y-axis the

occurrence of different segment-size class. Each bar represents

100 kb interval

Fig. 3 Distribution of CNVRs a CNVs represented in different sample

bins The plot represents different classes (homozygous deletion,

hemizygous deletion and amplification) of CNVs with varying segment

sizes distributed in different sample frequency bins. While amplifications

and hemizygous deletions were observed to be more frequent and larger

in size in any sample bin, homozygous deletions were much rarer. b Total

genome size represented in CNVRs in different populations. Positive bars

represent amplifications and negative bars deletions. Populations are

color coded according to their linguistic background. The Black bar
represents overall mean of all populations

c
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proportion is 76%. This level of concordance is substantial

considering the distinct methodologies of the two CNV call-

ing methods.

Comparison of the genes encompassed entirely within

polymorphic CNVs (present in C5% of the samples) from

GTC3.0.2 data when compared with CNVRs from normal

and healthy cohort catalogued in DGV (http://projects.tcag.

ca/variation/downloads/variation.hg18.v8.txt) revealed that

78% of genes in our dataset are novel (Supplementary

Table 04).

Heterogeneity in CNVs regions: analysis through

Sequenom MassARRAY

We carried out validation of CNVs using the Sequenom

MassARRAY platform. We used a random set of eight

genes (BXDC1, CSN3, FGD4, GTF3C6, ODAM, PRKG1,

RGS21, SDK1) from CNV regions and additional three

genes (ABCC1, CDC45L and RAD51C) from non-poly-

morphic regions as present in our dataset for validation.

This method allows estimation of absolute copy number

(ACN) based on the co-amplification of gDNA and a

known concentration of a competitor sequence that differs

from the gDNA by a single mismatch followed by single

base extension using iPLEX chemistry. The extended

products when analyzed on MALDI-TOF Sequenom

MassARRAY System gives two distinct peak signals in

proportion to their initial relative amounts, which when

normalized against concentration of the competitor

sequence and non-polymorphic 2N controls (that is inclu-

ded across samples) provides ACN of the region queried.

We made some unanticipated observations during the

course of validation. There was enormous heterogeneity in

validation results of different genes (Table 3a). For

instance at the BXDC1 locus there was 100% validation in

the case of amplification whereas it could not be correlated

in case of its deletion data. Overall, the extent of validation

was more for the duplicated regions (35% overall) than the

deletions (10% overall). Importantly, there was a very high

degree of concordance (overall 66% concordance ranging

up to 90%) for the regions in samples that were not copy

number variable between both the platforms (Table 3b).

We also observed an enormous heterogeneity in CNV

boundaries when the regions of CNVs from the array data

were overlaid on the gene coordinates (Supplementary

Figure 06) in the UCSC browser (http://genome.ucsc.edu)

not only in our dataset but also in DGV (Supplementary

Figure 07).

Functional enrichments in CNV regions

Functional annotation clustering using DAVID (Huang

et al. 2009) revealed some significantly (p B 0.001) enri-

ched processes like keratinization, serine proteases and

their inhibitors, cadherins, homeobox, olfactory receptors

etc. (Supplementary Table 05). Few processes showed

disproportionate presence in terms of number of popula-

tions e.g. serine protease inhibitors (10:2), homeobox genes

(6:0), serine proteases (1:6) and keratinization/epidermis

morphogenesis (6:18) in amplifications and deletions

datasets, respectively, (Supplementary Table 06, Table 4).

There were a few instances where the same process was

observed to be deleted as well as amplified in the same

population e.g. keratinization in IE-W-LP1, IE-W-LP2,

Table 2 Mean and median sizes (in kbs) for rare and common CNVs

in deletion and duplication

CN type Mean/

median/

maximum

Rare (B5%)

CNVs size

(in kb)

Common ([5%)

CNVs size (in kb)

Deletion Mean 436 326

Median 395 272

Maximum 2,363 962

Amplification Mean 447 307

Median 407 245

Maximum 1,508 931

The larger mean, median and maximum size in rare class could be due

to more proportion of large singleton CNVs

Fig. 4 Comparison of Genes in CNVRs from two different algo-

rithms. Only those genes have been considered which are within the

CNV regions. Around 79–87% of genes from SVS7 overlap with

those of GTC 3.0.2

Fig. 5 Overlap between genes in deletion and duplication dataset

using two different CNV calling algorithms. More than half of the

genes are subject to both deletion as well as amplifications

irrespective of the calling algorithm. Only those genes have been

considered which are within the CNV region
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IE-E-IP1 and AA-NE-IP1. Interestingly, we observed ampli-

fication of serine protease inhibitors as well as deletion of

serine proteases in AA-C-IP5.

We also observed certain population specific enrichments

for instance Glycosaminoglycan binding in IE-N-SP4 (Ease

Score 3.298 with p \ 0.001) in deletion set or Aldo–keto

reductase in IE-NE-LP1 (Ease Score 4.57 with p \ 0.001) in

amplification set (Supplementary Table 07). We observed

that even though similar process for e.g. Keratinization, were

enriched in different populations, there was a differential

contribution of several KRT/KRTAP subfamilies majorly

from chromosomes 1, 12, 17 and 21 (Fig. 6) Similar phe-

nomenon was observed for other enriched process like serine

protease inhibitors and homeobox class of genes.

Table 3 Analysis of CNVR regions from array on Sequenom MassARRAY platform

S. no. Assays Total no. of samples

in Affymetrix data

CN type Samples in deletion

and duplication

No. of samples

validated

Validation

proportion

a CN polymorphic states

1a BXDC1 78 Deletion 37 0 0

1b BXDC1 Duplication 41 41 100

2a CSN3 186 Deletion 105 15 14

2b CSN3 Duplication 81 7 9

3a CSN3 195 Deletion 107 15 14

3b CSN3 Duplication 88 7 8

4a FGD4 65 Deletion 43 16 37

4b FGD4 Duplication 22 1 5

5a GTF3C6 78 Deletion 37 0 0

5b GTF3C6 Duplication 41 4 10

6a ODAM 177 Deletion 96 0 0

6b ODAM Duplication 81 43 53

7a PRKG1 37 Deletion 37 10 27

7b PRKG1 Duplication 0 0 0

8a PRKG1 37 Deletion 37 10 27

8b PRKG1 Duplication 0 0 0

9a RGS21 193 Deletion 113 2 2

9b RGS21 Duplication 80 30 38

10a RGS21 193 Deletion 113 2 2

10b RGS21 Duplication 80 30 38

11a SDK1 71 Deletion 36 0 0

11b SDK1 Duplication 35 23 66

S. no. Assay No. of total

samples

No. of total

samples validated

Validation

proportion

b Non polymorphic states of nine genes

1 ABCC1 378 331 88

2 BXDC1 300 1 0

3 CDC45L 378 339 90

4 CSN3 183 163 89

5 FGD4 312 272 87

6 GTF3C6 300 202 67

7 ODAM 201 66 33

8 PRKG1 310 237 76

9 RAD51C 378 259 69

10 RGS21 182 158 87

11 SDK1 290 114 39

We compared sample wise concordance of (a) CN polymorphic states (b) Non polymorphic states of nine genes. Three genes in Table 3b

ABCC1, CDC45L and RAD51C are from non-polymorphic regions from our dataset. Multiple entries depicting different validation targets of the

same gene show extremely good concordance (denoted e.g. as 2a, 3a for CSN3 gene)
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Discussion

Our study of large CNVRs revealed a range varying from

0.04 to 1.14% of genome under deletion and 0.11–0.86%

under amplification per individual across 26 diverse Indian

populations. This is in concurrence with the estimates of

earlier reports on HapMap and other populations (Conrad

et al. 2010; Itsara et al. 2009). However, if we pool all the

populations together the genomic fraction encompassed in

CNVRs increased significantly mainly due to non-over-

lapping CNVRs across populations. A large fraction of the

genes that are encompassed in CNVRs are novel and not

reported in DGV. This study indicates that in order to

capture the entire repertoire of CNVRs, more and diverse

populations need to be included and explored. Though our

study has addressed only a small fraction of the structural

variations, it underlines the untapped genetic diversity that

Indian populations have to offer.

We observed a significant enrichment of specific pro-

cesses and pathways in the CNVR regions. Some of these

processes like olfactory receptors, signal transduction,

immune functions are also commonly reported from other

populations (Fanciulli et al. 2007; Gonzalez et al. 2005;

Hasin et al. 2008; Hasin-Brumshtein et al. 2009; McKinney

et al. 2010). We also observed certain processes/gene

classes like keratinization/epidermis morphogenesis, serine

proteases and their inhibitors, protocadherins, homeodo-

mains etc. to be especially enriched. Though representative

genes of these processes have been earlier reported, their

enrichment as a process at the population level has so far

not been reported. Since these processes can affect a wide

range of developmental and physiological functions rang-

ing from neurological, skin, cardiac etc. these could lead to

variability in phenotypes and disease susceptibility. Vari-

ous studies have reported involvement of keratinization,

cadherins and serine proteases (Chao et al. 2010) in skin

physiology. It is possible that CNVRs in these enriched

processes might explain the observable wide spectrum of

skin pigmentation across Indian populations. We also

found some of these processes to be specific to either

deletion or amplification. For example serine proteases and

keratinization/epidermis morphogenesis were significantly

present in deletion set compared to amplification whereas

serine protease inhibitors and homeodomain genes were

more enriched in the amplification dataset. This skewed

presence of processes suggests a possible functional rele-

vance. This is further reiterated by the observations that

genes under CNVRs from different genomic loci for the

same processes are enriched in different populations. For

instance although amplifications in homeobox genes are

majorly represented from chromosomes 2, 7, 12 and 14,

each population has a different combination of genomic

loci leading to the same functional enrichment. This not

only indicates a metabolic pathway oriented true involve-

ment of CNVs in these processes but also highlights the

fact that genes from different genomic regions involved in

the same process can impact the same phenotype. Another

interesting observation from population-pooled data is the

deletion of serine protease and amplification of serine

protease inhibitors that suggests possible suppression of

Table 4 Difference in distribution of enriched terms in deletion and amplification sets in terms of number of populations

S. no. Functional annotation cluster terms Presence in amplification set Presence in deletion set

1 Transmembrane protease 0 out of 26 11 out of 26

2 Caspase activation and recruitment domains 0 out of 26 6 out of 26

3 Guanylate-binding protein 0 out of 26 4 out of 26

4 Protocadherin 0 out of 26 4 out of 26

5 Cell adhesion 0 out of 26 3 out of 26

6 Histones 0 out of 26 3 out of 26

7 Serine protease 1 out of 26 6 out of 26

8 Chromatin assembly 1 out of 26 4 out of 26

9 Lipase 3 out of 26 1 out of 26

10 Protease inhibitor 3 out of 26 0 out of 26

11 Olfactory receptor activity 4 out of 26 13 out of 26

12 Caspases 4 out of 26 0 out of 26

13 Thyroid hormone/vitamin D/retinoic acid receptor binding 5 out of 26 2 out of 26

14 Keratinization 6 out of 26 18 out of 26

15 Embryonic limb morphogenesis 6 out of 26 0 out of 26

16 Homeobox 6 out of 26 0 out of 26

17 Serine protease inhibitor 10 out of 26 2 out of 26

Functional annotation clustering was carried out using DAVID (http://david.abcc.ncifcrf.gov/). Few representative examples are shown here

Hum Genet

123

http://david.abcc.ncifcrf.gov/


function. Since serine proteases and serine protease

inhibitors play an essential role in processes related to

blood coagulation, apoptosis and inflammation, population

specific CNVRs in these processes might lead to difference

for instance in development and progression of various

immune mediated-diseases (Heutinck et al. 2010).

During the validation process of individual CNVs in a

subset of genes, we observed substantial heterogeneity in

the boundaries of CNVs within a gene. This heterogeneity

could contribute to differences in validation as in many

instances the target region that was selected for validation

did not map to the copy number region of the samples. In

the case of deletion, the failure to validate these regions

could be due to deletion in the region of the DNA

sequences that was interrogated by Sequenom probes. This

was further corroborated by the observation that in

instances where queried genes are non-polymorphic in

samples, improved validation proportions were observed.

This could explain the relatively lower concordance of

validation (10%) in deletions compared to amplifications

(35%). Heterogeneity in CNV breakpoints could lead to a

plethora of read-outs from the same gene. Complex

recombination within CNVRs, for instance generated by

Fork Stalling and Template Switching (Lee et al. 2007)

could contribute to this extreme diversity and the older the

population, it is anticipated that the genes are likely to

harbor more diverse allelic states. This not only poses an

extreme challenge from the perspective of identifying

boundaries and various CN states but also make genotype–

phenotype correlations extremely complex. In the presence

of such heterogeneity, SNPs that could tag these CNVs

might also be quite improbable. Thus, it is possible that

most of the common CNVs that could be associated with

diseases or phenotypes may not be captured by conven-

tional arrays that are used in genome wide association

studies as reported recently (Itsara et al. 2009). This might

Fig. 6 Heat map of chromosomal loci contributing to same biolog-

ical process in different populations. a Deletion in keratinization,

b amplification in keratinization, c deletion in olfactory receptors,

d amplification in olfactory receptors, e deletion in Serine protease,

f amplification in serine protease inhibitors, g amplification in

Homeobox. Multiple combinations of CNVs in different chromo-

somal loci contribute to similar functional annotation clusters in

different populations
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also explain the cause of missing heritability in these

studies (Eichler et al. 2010). In the presence of such wide

heterogeneity, alternative approaches such as de novo

sequencing of CNV regions are likely to provide leads in

understanding genotype-phenotype correlations in the

complex CNV regions (Frazer et al. 2009).
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Clevert, Djork-Arné, Mitterecker A, Mayr, et al. (2010) cn.FARMS: a

probabilistic model to detect DNA copy numbers. Nucleic Acids

Research 2011:1–13

Conrad DF, Pinto D, Redon R, Feuk L et al (2010) Origins and

functional impact of copy number variation in the human

genome. Nature 464:704–712

Craddock N, Hurles ME, Cardin N et al (2010) Genome-wide

association study of CNVs in 16,000 cases of eight common

diseases and 3,000 shared controls. Nature 464:713–720

Ding C, Cantor CR (2003) A high-throughput gene expression

analysis technique using competitive PCR and matrix-assisted

laser desorption ionization time-of-flight MS. Proc Natl Acad Sci

U S A 100:3059–3064

Eichler EE, Flint J, Gibson G, Kong A, Leal SM, Moore JH, Nadeau JH

(2010) Missing heritability and strategies for finding the underlying

causes of complex disease. Nat Rev Genet 11:446–450

Estivill X, Armengol L (2007) Copy number variants and common

disorders: filling the gaps and exploring complexity in genome-

wide association studies. PLoS Genet 3:1787–1799

Fanciulli M, Norsworthy PJ, Petretto E et al (2007) FCGR3B copy

number variation is associated with susceptibility to systemic,

but not organ-specific, autoimmunity. Nat Genet 39:721–723

Frazer KA, Murray SS, Schork NJ, Topol EJ (2009) Human genetic

variation and its contribution to complex traits. Nat Rev Genet

10:241–251

Gonzalez E, Kulkarni H, Bolivar H et al (2005) The influence of

CCL3L1 gene-containing segmental duplications on HIV-1/

AIDS susceptibility. Science 307:1434–1440

Hasin Y, Olender T, Khen M, Gonzaga-Jauregui C, Kim PM, Urban

AE, Snyder M, Gerstein MB, Lancet D, Korbel JO (2008) High-

resolution copy-number variation map reflects human olfactory

receptor diversity and evolution. PLoS Genet 4:e1000249

Hasin-Brumshtein Y, Lancet D, Olender T (2009) Human olfaction:

from genomic variation to phenotypic diversity. Trends Genet

25:178–184

Heutinck KM, ten Berge IJ, Hack CE, Hamann J, Ro wshani AT

(2010) Serine proteases of the human immune system in health

and disease. Mol Immunol 47(11–12):1943–1955

Huang dW, Sherman BT, Lempicki RA (2009) Systematic and

integrative analysis of large gene lists using DAVID bioinfor-

matics resources. Nat Protoc 4:44–57

Iafrate AJ, Feuk L, Rivera MN, Listewnik ML, Donahoe PK, Qi Y,

Scherer SW, Lee C (2004) Detection of large-scale variation in

the human genome. Nat Genet 36:949–951

Indian Consortium Genome Variation (2008) Genetic landscape of

the people of India: a canvas for disease gene exploration.

J Genet 87:3–20

Indian Genome Variation Consortium (2005) The Indian Genome

Variation database (IGVdb): a project overview. Hum Genet

118:1–11

Itsara A, Cooper GM, Baker C et al (2009) Population analysis of

large copy number variants and hotspots of human genetic

disease. Am J Hum Genet 84:148–161

Jakobsson M, Scholz SW, Scheet P et al (2008) Genotype, haplotype

and copy-number variation in worldwide human populations.

Nature 451:998–1003

Kim PM, Korbel JO, Gerstein MB (2007) Positive selection at the

protein network periphery: evaluation in terms of structural

constraints and cellular context. Proc Natl Acad Sci USA

104:20274–20279

Kirov G, Grozeva D, Norton N, Ivanov D, Mantripragada KK,

Holmans P, Craddock N, Owen MJ, O’Donovan MC (2009)

Support for the involvement of large copy number variants in

the pathogenesis of schizophrenia. Hum Mol Genet 18:1497–

1503

Kusenda M, Sebat J (2008) The role of rare structural variants in the

genetics of autism spectrum disorders. Cytogenet Genome Res

123:36–43

Lee JA, Carvalho CM, Lupski JR (2007) A DNA replication

mechanism for generating nonrecurrent rearrangements associ-

ated with genomic disorders. Cell 131:1235–1247

Lopez CC, Brems H, Lazaro C, Estivill X, Clementi M, Mason S,

Rutkowski JL, Marynen P, Legius E (1999) Molecular studies in

20 submicroscopic neurofibromatosis type 1 gene deletions.

Hum Mutat 14:387–393

Majumder PP (1998) people of India: biological diversity and

affinities. Evol Anthrop 6:100–110

Majumder PP (2001) Ethnic populations of India as seen from an

evolutionary perspective. J Biosci 26:533–545

Malhotra KC (1978) Morphological composition of the people of

India. J Hum Evol 7:45–63

McCarroll SA, Altshuler DM (2007) Copy-number variation and

association studies of human disease. Nat Genet 39:S37–S42

McCarroll SA, Kuruvilla FG, Korn JM et al (2008) Integrated

detection and population-genetic analysis of SNPs and copy

number variation. Nat Genet 40:1166–1174

McKinney C, Fanciulli M, Merriman ME et al. (2010) Association of

variation in Fc {gamma} receptor 3B gene copy number with

rheumatoid arthritis in Caucasian samples. Ann Rheum Dis

Perry GH, Dominy NJ, Claw KG et al (2007) Diet and the evolution

of human amylase gene copy number variation. Nat Genet

39:1256–1260

Redon R, Ishikawa S, Fitch KR, Feuk L et al (2006) Global variation

in copy number in the human genome. Nature 444:444–454

Reich D, Thangaraj K, Patterson N, Price AL, Singh L (2009)

Reconstructing Indian population history. Nature 461:489–494

Hum Genet

123

http://igvbrowser.igib.res.in


Sebat J, Lakshmi B, Troge J, Alexander J et al (2004) Large-scale

copy number polymorphism in the human genome. Science

305:525–528

Sebat J, Lakshmi B, Malhotra D et al (2007) Strong association of de

novo copy number mutations with autism. Science 316:445–449

Sengupta S, Zhivotovsky LA, King R, Mehdi SQ, Edmonds CA,

Chow CE, Lin AA, Mitra M, Sil SK, Ramesh A et al (2006)

Polarity and temporality of high-resolution y-chromosome

distributions in India identify both indigenous and exogenous

expansions and reveal minor genetic influence of Central Asian

pastoralists. Am J Hum Genet 78:202–221

Singh KS (2002) People of India: introduction national series.

Anthropological Survey of India. Oxford University Press, Delhi

The HUGO Pan-Asian SNP Consortium (2009) Mapping human

genetic diversity in Asia. Science, pp 1541–1545

Tuzun E, Sharp AJ, Bailey JA, Kaul R, Morrison VA, Pertz LM,

Haugen E, Hayden H, Albertson D, Pinkel D, Olson MV, Eichler

EE (2005) Fine-scale structural variation of the human genome.

Nat Genet 37:727–732

Walsh T, McClellan JM, McCarthy SE et al (2008) Rare structural

variants disrupt multiple genes in neurodevelopmental pathways

in schizophrenia. Science 320:539–543

Hum Genet

123


	Spectrum of large copy number variations in 26 diverse Indian populations: potential involvement in phenotypic diversity
	Abstract
	Introduction
	Materials and methods
	Sample collection and genotyping
	Identification of CNVRs
	Concordance with FDR-controlled data
	Functional enrichment of genes within CNVRs
	Validation of CNVs by Sequenom MassARRAY platform
	Primer design
	Real competitive PCR

	Desalting and detection on MassARRAY platform
	Calculation of CN state from Sequenom MassARRAY analysis

	Results
	Distribution of large CNVRs regions
	Extent of CNVRs in diverse Indian populations
	Concordance of CNVs identified with different CNV calling methods and publicly available CNV data
	Heterogeneity in CNVs regions: analysis through Sequenom MassARRAY
	Functional enrichments in CNV regions

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


