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ABSTRACT

With the decrease in costs, whole-exome sequenc-
ing (WES) has become a very popular and power-
ful tool for the identification of genetic variants un-
derlying human diseases. However, integrated tools
to precisely detect and systematically annotate copy
number variations (CNVs) from WES data are still in
great demand. Here, we present an online tool, DeAn-
nCNV (Detection and Annotation of Copy Number
Variations from WES data), to meet the current de-
mands of WES users. Upon submitting the file gen-
erated from WES data by an in-house tool that can be
downloaded from our server, DeAnnCNV can detect
CNVs in each sample and extract the shared CNVs
among multiple samples. DeAnnCNV also provides
additional useful supporting information for the de-
tected CNVs and associated genes to help users to
find the potential candidates for further experimental
study. The web server is implemented in PHP + Perl
+ MATLAB and is online available to all users for free
at http://mcg.ustc.edu.cn/db/cnv/.

INTRODUCTION

Various genetic variants have been associated with human
diseases, of which copy number variations (CNVs) are of
great importance (1) as genome-wide CNVs are reported
to be involved in various human diseases including cancer
(2), autism (3,4), schizophrenia (5) and intellectual disabil-
ity (6). Cancer studies show that segmental deletions or du-

plications of chromosomes frequently occur throughout the
process of tumorigenesis and progression (7,8). These aber-
rations are often associated with abnormal expression of
tumor suppressors and oncogenes (9). Therefore, accurate
detection of CNVs is an important step to identify disease-
causing genes and functionally disrupted pathways.

Advances in experimental technologies from array-based
technologies including array comparative genomic hy-
bridization (10) and single nucleotide polymorphism geno-
typing (11) to recent high-throughput DNA sequencing
(12) have greatly promoted studies on human genomes. As
whole-exome sequencing (WES) continues to be cheaper
and more reliable, it has been demonstrated as an effective
alternative to whole-genome sequencing for the identifica-
tion of genetic variants underlying human diseases.

Several state-of-the-art tools (13-16) have been devel-
oped to discover CNVs from WES data. These methods can
be classified into two categories on the basis of approaches
used: (i) to detect deviations in read counts among a pool
of examined samples without the need of control samples,
such as CoNIFER (13) and XHMM (14); (ii) to find devia-
tions in read counts ratio by comparing the examined sam-
ples with the controls, such as ExomeCNV (15) and EX-
CAVATOR (16). Most of these tools are stand-alone pro-
grams that require users to locally set up computational en-
vironments with necessary hardware and software, which
is sometimes difficult for users or even impossible if the
technical requirements cannot be met. On the other hand,
few tools are available for systematically functional annota-
tion of CNVs by integrating currently available resources
(17-20). These tools need a file containing the informa-
tion of genome coordinates of CNVs as input, and anno-
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tation process is performed by finding genomic overlaps be-
tween input and annotation features. However, sample in-
formation is not provided in the annotation results from
these tools, which makes it inconvenient for users to assign
the annotation information to a specific sample carrying
these CNVs, especially when applying these tools to anno-
tate CN'Vs found in cohort studies. To our knowledge, inte-
grated pipelines for detection and annotation of CNVs from
WES data have not been reported yet. Therefore, online
bioinformatics tools that can precisely detect and system-
atically annotate CNVs are highly needed for WES data.

Here we introduce DeAnnCNYV, an efficient web server
designed for integrating Detection and Annotation of Copy
Number Variations from WES data. DeAnnCNYV is capable
of identifying CN'Vs from each sample accurately based on
our previously published algorithm GPHMM (21) and pro-
viding detailed visualization of the detected CNVs. It can
also extract CN'Vs shared by multiple samples and further
copiously annotate them based on several supporting fea-
tures including: (i) whether a CNV has been reported or
not (documented in dbVar (22)); (ii) detailed information
on genes associated with CNVs; (iii) whether genetic vari-
ants of these genes have been reported in human diseases
(collected from ClinVar (23)); (iv) phenotypes of mice defi-
cient for these genes (collected from Mouse Genome Infor-
matics (MGI) (24)); (v) mRNA expression of these genes
in human tissues and cell lines; (vi) functional enrichment
analysis for these genes (including enriched Gene Ontology
(GO), pathway and protein domains) and (vii) construct-
ing the protein—protein interaction (PPI) network for the
genes involved in CNVs, in which whether a gene is asso-
ciated with a human disorder is indicated.

In order to verify the practicability of our tool, we applied
DeAnnCNYV to a study of infertile men and found that two
patients have a CNV (each patient has only one of the two
copies), which shares a gene PABPNI1L, hemizygous dele-
tion of which causes male infertility in mice. This result in-
dicates that DeAnnCNYV is a powerful and reliable tool for
the detection and annotation of CNVs from WES data.

WEB SERVER CONSTRUCTION

DeAnnCNYV consists of two modules: (i) detection and vi-
sualization of CNVs from each sample, and finding CNVs
shared by patients; (i) annotation of the detected CNVs and
the associated genes.

Detection of CNVs

For both patient and control samples, read counts for all ex-
ons were extracted from each sample. In order to make read
counts comparable among samples, sample normalization
was performed for each patient sample by dividing the read
counts of an exon by the total read counts of all exons (25).
We averaged read counts from all the control samples to
create a common reference that was used to represent read
counts of the normal genome. The ratio between the read
counts of each patient and the reference was then calculated
and further normalized to eliminate Guanine-Cytosine con-
tent (GC-content) bias, which allowed ratio comparison be-
tween different genomic loci. We used the logarithm of the

normalized read counts ratio to represent copy number pro-
files for each patient. The CNVs of each patient sample were
then detected by a hidden Markov model (HMM) with hid-
den states corresponding to different CNVs (Supplemen-
tary Methods). Furthermore, a reliability score was calcu-
lated for each detected CNV to evaluate the reliability of
DeAnnCNYV results (Supplementary Methods).

In order to assess the performance of DeAnnCNYV, we
simulated 10 samples and each sample contained a dis-
tinct complement of 10 CNVs. Results of this simulation
are presented in Supplementary Table S2. Three measure-
ments, precision, recall and F-measure, were calculated to
evaluate the CNV detection performance of DeAnnCNV
(Supplementary Methods). DeAnnCNYV presented high F-
measure (>0.96) across all the simulated samples, attesting
the performance of DeAnnCNYV for the detection of CNVs
from WES data. In addition, we investigated the ability of
DeAnnCNYV to distinguish between different copy num-
bers, and the results in Supplementary Table S3 demon-
strated DeAnnCNV can precisely estimate copy number
for each segment. Supplementary Methods contain the de-
tailed description of the simulation procedure and the per-
formance evaluation strategy. Following the detection of
CNVs in each sample, CN'Vs encompassing the overlapped
genomic region were extracted as shared CNVs (for single
sample, share number was set as 1).

Annotation of CNVs

The information used for the annotation of the CNVs was
collected from multiple sources and stored in MySQL. The
gene location information was downloaded from Ensembl
(GRCh37 and GRCh38) (26). The information on reported
CNYVs was downloaded from dbVar (22). The information
regarding genetic variants of CNV associated genes in hu-
man disease was collected from ClinVar. The GO, path-
way and protein domain information used for enrichment
analysis was retrieved from DAVID (27). The enrichment P
values were quantitatively measured by Fisher’s exact test
and Bonferroni correction was calculated when an adjust-
ment was made to P values. The mRNA expression data
were downloaded from The Human Protein Atlas (28). The
PPI information was integrated from several major pub-
lic databases, including HPRD (29), BioGRID (30), DIP
(31), MINT (32), IntAct (33) and STRING (34) with re-
dundant PPIs removed. The Cytoscape web application (35)
was used to visualize the retrieved PPI network.

UTILITY AND WEB INTERFACE
Preparation of uploaded files

By using PreprocessFile package (provided by our server),
files (*.count and *.gc) containing read counts for each sam-
ple and GC content of target regions can be generated from
WES data and compressed into a single file (*.tar.gz) au-
tomatically. To maximize the ease for users, a shell script
named ‘run.sh’ was included in the package to conveniently
generate DeAnnCNYV supported files.



A STEP1: UPLOAD FILE
Notice: The uploaded file should be in *.tar.gz format which can be generated from WES data
otice: processed by PreprocessFiles.
File upload
Please upload file here ( *.tar.gzfile )
Choose File
B

Your file sample.tar.gz has been uploaded successfully!

File decompressing is in progress, please wait

D Status of the job 7442325072

Your job is in process , please wait for a while

This step has been completed M This step i in progress This step yet to be completed

(D Parse input Extract genes involved in CNVs. Find CNV shared by samples Find reported CNVs

Enrichment analysis for CNV associated genes. Construct PPI network for CNV associated genes
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© STEP2: PARAMETERS FOR THE DETECTION OF CNVS

Your file sample.tar.gz has been uploaded successfully!

File decompression completed, assign sample as patient or control. @

control3 Patient (®) control patient30 (® patient Control
patient32 (® patient Control patient43 (® ratient Control

Version of genome

GRCh37

Score for CNV (2)

80

Number of patients sharing a certain CNV (2)

1

Percentage of a gene covered by a certain CNV (2)

90%

Figure 1. Input page of DeAnnCNYV and parameters for the CNVs detection.

Data analysis

The compressed file (*.tar.gz) can be directly uploaded to
DeAnnCNYV server (Figure 1A). After the uploaded data is
decompressed (Figure 1B), users will be guided to the pages
where they can either choose the default parameters or set
their own parameters for CNVs detection. To initiate the
analysis, users should assign each sample as patient or con-
trol. If no control is assigned, DeAnnCNYV will use a de-
fault control (generated from in-house WES data of normal
healthy males) as the reference. Then users need to select the
version of genome. Currently, our tool supports GRCh37
and GRCh38. Following this, users have an option to set
the threshold score (default 80) which descripts the strength
of the evidence for the detected CNVs. In addition, users
can modify the parameter ‘Number of patients sharing the
same CNV’ to fetch shared CNVs among multiple samples
(for single sample, share number set as 1). Users can also
optimize the percentage of a gene covered by a CNV while
defining CNV associated genes. Once all the parameters are
set, users should click the ‘Finish’ button to start analysis
(Figure 1C). A page will be provided to display the status of
a job and link to the detailed results (Figure 1D).

Results and description

Once a job is completed, the results page will display the
parameters for the detection of CNVs and provide links to
the detailed results. These results include CNVs associated
information, enrichment analysis and PPI network.

CNYV associated information. This page will display the
detailed information on CNVs and associated genes. For
CNVs, the information includes: the chromosome location
of each CNYV, copy number, copy number gain (copy num-
ber > 2) or loss (copy number < 2), score of the CNV, sam-
ple carrying the CNV, number of samples sharing the same
CNVs and whether these CNVs are reported in dbVar (Fig-
ure 2A). By clicking the sample ID or share number, figures

illustrating all the CNVs detected in this sample or all the
samples carrying a specific CNV will be displayed, respec-
tively (Figure 2B and C). For genes involved in the CNVs,
the information includes: chromosome location of genes,
percentage of genes covered by a certain CNV (coverage),
association with human disease reported in ClinVar, pheno-
types of deficient mice in MGI and the mRNA expression
in human tissues and cell lines is provided (Figure 2D). By
clicking the names of tissues or cell lines, corresponding his-
togram will be displayed to illustrate the mRNA expression
(Figure 2E and F).

Enrichment analysis.  This page will display the enrichment
analysis results for CNVs associated genes including: the
enriched chromosomes, GO terms, pathways and protein
domains. The enrichment fold, P values (Fisher’s exact test)
and Bonferroni adjusted P values are displayed for each an-
notated term (Figure 2G). Users can select CNV type and
annotation categories from the drop-down box and opti-
mize P value and enrichment fold to refine the results. The
detailed information for each enriched term can be viewed
by clicking the term and a page will display the resource
providing this annotation information. Users can save re-
sults of enrichment analysis by clicking download button
in the footer navigation bar of Enrichment analysis page.

PPI network. This page will display the PPI network for
the genes involved in the detected CNVs to determine if
some already reported disease-causing genes interact with
them. CNV associated genes will be presented in diamonds
and their interacted genes will be presented in circles. Nodes
with color represent genes with disease information re-
ported in ClinVar. By clicking the colored node, the infor-
mation of disease will be displayed (Figure 2H).

CASE STUDY AND DISCUSSION

We have performed WES for male infertile patients with
the same clinical phenotype, however, no potential disease-
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Figure 2. An example output page of DeAnnCNYV.

causing candidate variants (both SNVs and Indels) were
found in exome region. Thus, we tried to explore whether
there are some potential CNVs related to male infertil-
ity. After uploading the files generated from WES data of
four patients to DeAnnCNYV server, a total of 45 CNVs
(score > 80) and 256 associated genes (coverage > 90%)
were detected in these patients. The detailed results can
be accessed at http://mcg.ustc.edu.cn/db/cnv/check.php?
rand_num=7235007981. Through sorting in the ‘gain/loss’
column of the results table, 13 CNVs with copy number
loss were selected for further analysis (Supplementary Fig-
ure S1A). From the phenotype information presented by
DeAnnCNYV, we focused on the CNVs that encompassed
the genes that contain reported infertility-associated varia-
tions in ClinVar or the genes for which the deficient mice are
infertile or subfertile. Interestingly, by searching for ‘infer-

tility’ in the ‘M GI-KO’ column, we found that two patients,
patients 3 and 4, carried two CNVs (copy number = 1) that
shared a gene PABPNI1L, localized at human 16q24.3. Ac-
cording to MGI annotation, male mice with hemizygous
deletion of Pabpnlil (localized at mouse chromosome 8) are
infertile (Supplementary Figure S1B). Interestingly, the car-
rying of the two CNVs in the patients was confirmed ex-
perimentally by using the AACT-method as previously de-
scribed (36,37). A reduction of PABPNI1L gDNA amount
was observed in both patients compared with control (Fig-
ure 3). Consistently, in the ‘mRNA Expression’ column of
the results table, PABPN1L was found to express in human
testis (Supplementary Figure S1B). Besides, in patients 3
and 4, we did not detect any other CNVs that encompassed
genes that highly expressed in human testis or damaged
human and mouse fertility after mutated. Taken together,
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Figure 3. Candidate CNVs detected by DeAnnCNYV were confirmed by qPCR. Schematic representation of CNVs in genomic region (A). Control samples
with different gDNA amounts (5, 10 and 20 ng) were used to imitate the ACT generated by one copy, two copies and four copies of PABPNIL. Ten
nanogram of patients gDNA was used as templates. The AACT value for 10 ng of control gDNA was set as 0. All samples were then normalized to the

calibrator to determine AACT values (B).

these results indicated that loss of a copy of PABPNI1L is the
most probable cause of male infertility in these two patients,
although functional research on how haploinsufficiency in
PABPNIL results in male infertility is needed. This case
study indicates that DeAnnCNYV can not only detect CNVs
based on WES data but also help the users to find out poten-
tial disease-associated CNVs by comprehensive annotation
of detected CN'Vs and associated genes.

CONCLUSION

In conclusion, we have described the DeAnnCNV web
server, a web-based tool that is capable of systematic detec-
tion and annotation of CNVs from WES data. This server
has integrated two separated modules, detection and anno-
tation of CNVs. With the annotation of genes involved in
CNVs, users can conveniently screen the potential disease-
associated CN'Vs.
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Supplementary Data are available at NAR Online.
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