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ABSTRACT

Many patients suffering from developmental disorders have submicroscopic deletions or
duplications affecting the copy number of dosage-sensitive genes or disrupting normal
gene expression. Many of these changes are novel or extremely rare, making clinical
interpretation problematic and genotype/phenotype correlations difficult. Identification
of patients sharing a genomic rearrangement and having phenotypes in common increases
certainty in the diagnosis and allows characterization of new syndromes. The DECIPHER
database is an online repository of genotype and phenotype data whose chief objective
is to facilitate the association of genomic variation with phenotype to enable the clinical
interpretation of copy number variation (CNV). This unit shows how DECIPHER can
be used to (1) search for consented patients sharing a defined chromosomal location,
(2) navigate regions of interest using in-house visualization tools and the Ensembl genome
browser, (3) analyze affected genes and prioritize them according to their likelihood of
haploinsufficiency, (4) upload patient aberrations and phenotypes, and (5) create printouts
at different levels of detail. By following this protocol, clinicians and researchers alike
will be able to learn how to characterize their patients’ chromosomal imbalances using
DECIPHER. Curr. Protoc. Hum. Genet. 72:8.14.1-8.14.17. C© 2012 by John Wiley &
Sons, Inc.
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INTRODUCTION

Array comparative genomic hybridization (array CGH) has revolutionized the capacity to
identify microdeletions and microduplications, significantly improving the prospect of di-
agnosis for patients with syndromic and non-syndromic mental retardation (Stankiewicz
and Beaudet, 2007). As next generation sequencing gradually transfers from a research
to a clinical setting, further improvement in the ability to diagnose rare genetic dis-
orders is anticipated. The DECIPHER database is a resource specifically designed for
collaboration among clinicians by collecting potentially pathogenic CNVs and pheno-
types and displaying them in the context of the human genome reference sequence
and annotation data (Firth et al., 2009). The DECIPHER Consortium was initiated in
2004 as a community of academic centers of Clinical Genetics who submit consented,
anonymized genotype and phenotype data from patients with rare genomic disorders
for sharing with other clinicians and researchers. DECIPHER has now become an es-
tablished international resource with >11,300 patients and 250 contributing centers in
more than 30 countries (October 2011). Among its most widely utilized tools are: direct
searching for variants, phenotypes, and syndromes overlapping with an index case; prior-
itization of genes likely to be responsible for the phenotype; and visualization of variant
data in graphs and major genome browsers (Flicek et al., 2010; Sanborn et al., 2010).
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Consistency in patient phenotype descriptions is ensured using a controlled vocabulary,
namely the London Dysmorphology and Neurogenetics Database (LDNB) (Winter and
Baraitser, 1987; Baraitser et al., 1989). LDNB offers a hierarchically organized set of
1700 phenotypic terms with a strong neurological component. Many of these terms can
be reliably mapped to the Human Phenotype Ontology (HPO) (Robinson et al., 2008).

How DECIPHER works
An international community of academic clinical genetics units contribute to the DE-
CIPHER database. Each contributing center has a minimum of one senior clinical ge-
neticist responsible for local governance of the project and for phenotype entry, and
a molecular cytogeneticist responsible for genotype data entry. Access to the database
is provided by password-protected accounts. To share anonymized patient data with
other centers, informed consent is required to allow genotype and phenotype data to
become visible via the DECIPHER search interface, Ensembl (UNIT 6.11), and other
genome browsers, e.g., UCSC Genome Browser (UNIT 18.6). Data shared anonymously
in this way allows access by other users for analysis and facilitates discovery of new
microdeletion/microduplication syndromes. Moreover, a collection of 59 well-annotated
established microdeletion/microduplication syndromes is available for reference with
links to further information and related resources. DECIPHER public users (i.e., users
with no login account) may search, browse, and access anonymized aberrations and
phenotype terms from consented patients in a variety of ways (see below).

The most widely used functionalities of DECIPHER is described in this unit, first in-
troducing public access to the database and then the facilities available to a logged-in
consortium member.

BASIC
PROTOCOL 1

SEARCHING DECIPHER BY LOCATION AS A PUBLIC USER

Nadia is a 4-year-old girl, the second child of healthy unrelated parents. At the age of
4 months, psychomotor delay, brachycephaly, and severe muscular hypotonia were noted
by a pediatrician. Her developmental milestones were delayed and when evaluated in the
clinical genetics department she presented severe learning disability and developmental
delay. She has an apparently normal female karyotype, 46,XX. A genomic array analysis
was performed and a deletion was found in chromosome 5, start position 85,030,173 and
end position 89,050,512 (GRCH37/hg19 genome assembly).

To establish whether this region is the one causing the observed phenotype, use the
DECIPHER database to confirm the diagnosis and determine whether there are similar
patients in the database displaying the same symptoms.

View DECIPHER homepage
1. Access the DECIPHER Website (http://decipher.sanger.ac.uk/), which shows the

homepage with a range of overview information via active vertical tabs. By default,
these vertical tabs show a map of the world with the location of center members of
the DECIPHER consortium (see Fig. 8.14.1). Click on any of the pins in the map to
show the name of the center to which it refers.

This is useful to learn the location of the current contributing DECIPHER centers and
whether an established center already exists nearby.

2. Click on News to learn about the latest developments in DECIPHER.

3. Click on Overview to read some general information about DECIPHER.

4. Click on Patients to learn about the statistics of the project. On July 30, 2011, there
were a total of 10,408 patients (5104 consented), 59 syndromes, and 233 participating
centers.
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Figure 8.14.1 Vertical tabs on DECIPHER homepage show by default an interactive map with the location of all members
of the consortium.

Figure 8.14.2 DECIPHER search box. This input box is visible on every page of DECIPHER’s
interface. Public users can search by phenotype, chromosomal location, gene name, or band.

5. Click on DDD UK to obtain information about the UK Deciphering Developmental
Diseases Project (Firth and Wright, 2011).

Search desired chromosome
6. Locate the search box at the top right corner of the screen (Fig. 8.14.2).

7. In the search box, paste 5:85030173-89050512 and hit return.

When doing a search as a public user all consented patients and syndromes in DECIPHER
are searched. Any of the patients overlapping this region in chromosome 5 will be returned
in the results hit list.

8. Examine the results. At the time of this writing, this query returned 11 consented
patients and 0 syndromes overlapping the searched region (Fig. 8.14.3).

9. Click on the e! icon to display in Ensembl the region in the top row, patient 135.

10. Once the Ensembl page is loaded, to make the DECIPHER track visible, click on
the Configure This Page (Fig. 8.14.4) of the Ensembl redirected page.

The current version of Ensembl provides DECIPHER data in GRCh37 coordinates.
NCBI36 genome coordinate data are still available via the Ensembl archive on a
static form, containing DECIPHER data deposited before February 16, 2011. To access
DECIPHER data in NCBI36 coordinates, activate the DECIPHER track in the Ensembl
archive page.

View DECIPHER data
11. View the pop-up window that appears (Fig. 8.14.5) when clicking on Configure This

Page. Place the cursor on the top right search box and start typing “decipher”. The
DECIPHER data source appears with an empty checkbox.

12. Click on the empty checkbox and select Normal.
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Figure 8.14.3 Results retrieved from searching DECIPHER by location. The typed location was 5:85030173-89050512
and 11 consented patients and no syndromes are found to overlap with region.

Figure 8.14.4 Click on Configure this page to add the DECIPHER track to Ensembl.

13. Click on the top right tick to save the new configuration. Wait until the data are
loaded and look for the DECIPHER track in the window (Fig. 8.14.6).

14. Examine all the tracks. Note that red bars denote losses and blue bars denote gains.
Because Nadia has a loss, click on the top red bar to find a patient with a loss in that
region.

When any DECIPHER bar in Ensembl is clicked, a pop-up window appears with the start
and end position and classification of the genomic aberration in the affected patient (e.g.,
de novo or inherited).

15. Compare the start and end positions of the loss detected in Nadia with the start and
end position for patient 135.

16. Click on the link of the pop-up window to view the patient report page (Fig. 8.14.7).

The patient report is composed of two rows of tabs in the page. By default the aberration
tab and the first aberration on the list of affected regions are shown. For this aberration,
related information about its location, interval copy number, and links to UCSC and
Ensembl genome browsers are provided.

Gather more information
17. To gather more information about this patient and links to further resources, click on

the Overview tab.

The information in the Overview tab provides some general background information
about the patient.
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Figure 8.14.5 Interface in Ensembl to add the DECIPHER source. In the top right corner, type “DECIPHER” and
immediately the DECIPHER data source appears. Click on the empty checkbox and a pop-up window appears. Click on
Normal and the click on the top right tick to save your configuration.

Figure 8.14.6 DECIPHER track as shown in Ensembl for the 5:85030173-89050512 region. Red
and blue correspond to losses and gains, respectively. Any bar in the Ensembl track contains links
back to their DECIPHER entry. Only consented patient data are displayed. In this example, the
feature bar for DECIPHER patient 135 is clicked and shows a pop-up window with more detailed
information about the aberration and a link back to the DECIPHER database.
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Figure 8.14.7 Typical patient report. A series of tabs are provided describing the deposited information for this patient
in DECIPHER. The top tabs refer to the patient and the second level tabs refer to each aberration. Each patient has an
Overview, Aberration, Phenotypes, Citations, and Karyotype tab. Each aberration contains a graph, a list of HGNC genes,
OMIM genes, OMIM morbid genes, Patient overlap, and a Syndrome overlap tab.

18. Compare observed phenotypes in Nadia with the ones reported in the phenotype tab.

19. Look at the Citations tab for a list of relevant publications.

A publication is shown referring to a novel microdeletion syndrome involving 5q14.3-q15
(Engels et al., 2009).

20. Click again on the Aberrations tab to find more information about the affected genes
and overlapping patients.

By default, the Graph sub-tab is selected, showing overlapping consented patients, syn-
dromes, and genes (Fig. 8.14.7). Relative locations of overlapping genes are also provided.
Those genes where haploinsufficiency predictions are available appear colored in a scale
from green to red, from least to most probability of haploinsufficiency (Huang et al.,
2010).

A number of tracks are available within the Graph provided. At the top, a scale bar
contains the relative location within the zoomed-in chromosome. Below that, bands are
also drawn and aberrations for consented overlapping patients are shown. Underneath it,
a track shows overlapping syndromes. All overlapping Ensembl genes with their HGNC
approved names (Bruford et al., 2008) are then shown. These genes are presented as
colored bars according to their haploinsufficiency score mapped to the GRCh37 human
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assembly. The band at the bottom of the graph shows a CNV consensus track that combines
a series of normal CNV datasets observed in the 1000 genomes project (Mills et al., 2011)
and other published sources (Conrad et al., 2009). Four bands of frequency in control
populations are shown in the CNV consensus track; >5%, 1% to 5%, doubletons to 1%,
and singletons. Colors of CNV bars are composed of different shades of blue for gains, red
for losses, and gray for complex (regions reported to be both gained or lost in individuals).

21. Click on the HGNC tab to obtain a report of all genes overlapping patient 135, in
this case, ten genes in total. Click on any of the gene table headers to sort rows by
that criterion.

The gene nomenclature is provided by HGNC and the coordinates based on Ensembl
mappings. Each gene name is linked to its corresponding entry in Ensembl.

22. Click once on the %HI (haploinsufficiency scores) to sort genes according to their
predicted likelihood of being haploinsufficient.

Figure 8.14.8 shows genes sorted by their haploinsufficiency scores. A good starting
point is to consider those genes whose scores are in the top 10% of being likely to be
haploinsufficient as possible candidates responsible for the phenotype. Haploinsufficiency
scores can be of great help as a way to prioritize genes for further study.

23. Find out the predicted most haploinsufficient genes (those with the top percentile
score or the most red in the list). Among the most haploinsufficient genes, identify
those that appear to have an entry in OMIM and OMIM morbid.

Figure 8.14.8 A total of ten genes have been found to be contained in the deleted region for patient 135. Genes
are ordered according to their haploinsufficiency score (%HI). Those with no score come first and then the most
likely to be haploinsufficient. The most haploinsufficient gene is predicted to be MEF2C.

Figure 8.14.9 GPR98, MEF2C, and RASA1 are identified as disease causing by OMIM Morbid among the list of
overlapping genes in the 5:86170311-90103610 region.
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For patient 135 a total of four genes are predicted as likely haploinsufficient: MEF2C,
CETN3, RASA1, and CCNH. Note that a number of them appear blank, i.e., no haploin-
sufficiency score is available for those genes. In DECIPHER, OMIM and OMIM morbid
genes are a subset of the official HGNC gene list. OMIM morbid, in particular, is the
most useful from a clinical perspective because it is a catalogue of known disease genes.
When clicking on any gene name, a new window appears with its corresponding entry in
its source database.

GPR98, MEF2C, and RASA1 appear to be the only genes among the ten affected in patient
135 that have been listed as disease-causing genes in OMIM morbid (Fig. 8.14.9). MEF2C
has recently been shown to be the critical gene underlying the 5q14.3q15 microdeletion
syndrome (Jaillard et al., 2010; Le Meur et al., 2010; Zweier et al., 2010) giving rise to
severe mental retardation, seizure disorders, and a common set of facial features.

BASIC
PROTOCOL 2

SEARCHING DECIPHER FOR A PHENOTYPE AS A PUBLIC USER

For Nadia’s case, the phenotype brachycephaly is a defining morphological feature, which
is also matched by patient 135. To check whether there are other consented patients in the
DECIPHER database that have this phenotype in the region 5q14, the following protocol
may be carried out.

1. Go to the DECIPHER home page (https://decipher.sanger.ac.uk).

2. Type “brachycephaly” in the top right search box and hit enter.

3. Examine in the result table the phenotypes matched and the number of aberrations
(Fig. 8.14.10).

4. Click on the Karyotype tab to see the distribution of patients who have brachycephaly
in their list of annotated phenotypes (Fig. 8.14.11).

A total of 78 aberrations are drawn in the ideogram, denoted in blue (gain) and red
(losses). Below it a table listing all aberrations is provided with a filter box.

5. Locate the Aberration list table below the ideogram and type “5q14” in the filter box.
This reduces the list of aberrations to two. These are the only two aberrations whose
patients have brachycephaly as an annotated phenotype in this region.

Any of the listed aberrations in the Aberration table can be clicked for access to the
corresponding patient report.

6. The top aberration corresponds to patient 135, which we have seen above. Click
on the second aberration (arr 5q14.3(86,304,862-89,692,876)del) to reach the report
for another affected patient (patient 249546) with brachycephaly in the same 5q14
region.

7. Examine the graph for patient 249546.

8. Find the OMIM Morbid tab and compare it with the phenotypes of Nadia and
patient 135.

9. Compare matched genes between patients 135 and 249546.

Patient 249546 matches two of the three genes (MEF2C and RASA1) that were reported
in the OMIM Morbid tab for patient 135.

10. Check in the phenotype tab that brachycephaly is among its reported phenotypes.

11. Explore other tabs to find more information about patient 249546.

For historical reasons, DECIPHER uses mean ratio or copy number to define whether
an aberration is a loss (mean ratio <0 or copy number <2) or a gain (mean ratio >0 or
copy number >2).

12. Click on the Patient Overlap tab.
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Figure 8.14.10 Search results for patients matching brachycephaly. A total of 79 consented patients have this phenotype.
Any of these can be accessed for further inspection by clicking on the corresponding row.

Figure 8.14.11 Karyotype showing all regions affected for patients with the brachycephaly phenotype. A total number of
78 aberrations are displayed in the graph. Below it, a table shows all matched aberrations listed. A filter box is provided
allowing further refinement of results. 5q14 was typed in the filter box, reducing the list to two aberrations. Clicking on any
of these listed aberrations the user is redirected to its patient report.
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Figure 8.14.12 Overlapping gains and losses for patient 249546. Losses are sorted in descending order by number
of shared phenotypes. Note that shared phenotypes are highlighted in bold while the rest are in normal font.

13. In the Overlapping Losses table, click on the Shared Phenotypes heading to sort over-
lapping losses from greatest number of shared phenotypes to lowest (Fig. 8.14.12).

14. Because the shortest interval entry (patient 250244) is also classified as de novo,
click on it to obtain further information.

Patient 250244 has a deletion spanning only gene MEF2C and it has 16 phenotype terms,
many of them similar to Nadia. At this point, decide whether to contact DECIPHER
(decipher@sanger.ac.uk) to request further information about this patient. DECIPHER
will then contact the submitting center who may, with the permission of the patient/family,
contact you with further phenotypic details. In order to protect patient anonymity, a public
user does not know which center in which country submitted the patient data until the
point at which you receive contact from the submitting center.

BASIC
PROTOCOL 3

ADDING A PATIENT TO DECIPHER AS A REGISTERED MEMBER

Membership in the DECIPHER Consortium provides a number of the following privileges
to users above the free public access to the consented data. Registering with DECIPHER
allows one the (1) ability to add patient data into the DECIPHER database to make use of
DECIPHER’s bioinformatics tools for interpretation of patient aberration data; (2) ability
to share with the community linked-anonymized patient data (provided that the patient
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has signed a consent form). This allows other clinicians/researchers to see this patient
data so that new syndromes can be defined. (3) Access to unconsented patient data from
the DECIPHER study of which they are a member is available. (4) Access to contact
details for the responsible clinician in any deposited consented patient entry is allowed.
This facilitates direct communication between consortium members and exchange of
expert information. (5) Printing of DECIPHER patient reports is available. (6) Receipt
of DECIPHER’s monthly newsletter, informing users of the latest developments, and
relevant annual events, such as the DECIPHER Symposium or the Genomic Disorders
conference is provided.

Once logged into DECIPHER, a new tab called My Patients is seen.

As an example, Nathalie is a 5-year-old girl who was seen in the genetics clinic. She
has osteopoikilosis and shows signs of developmental delay. She is in the 10th percentile
for height. She has an apparently normal female karyotype, 46,XX. A genomic array
analysis has been carried out with the following results.

Nathalie was found to have a deletion on chromosome 12 starting at 64081319 and ending
at 68947027. This deletion was verified with semi-quantitative FISH and testing of both
parents, which revealed that it is de novo. Recently, an account in DECIPHER has been
set up with write access and this information has been entered for further analysis and
contrast with existing entries in the database.

Access DECIPHER
1. Click on My Patients.

Clicking on this tab lists all studies and patients to which the user has access.
Figure 8.14.13 shows an overview of all patients in the TGD study (dummy test data).

Any of the fields in the tables can be sorted according to the table heading clicked. For
example, clicking on the Lab ID heading sorts the patient with Lab ID 1 to the top row in
the table. This can be a useful way to filter patients.

2. To add your patient data, click on Add Patient. A new page appears with the Overview
tab selected and empty fields to be filled (Fig. 8.14.14).

3. Enter patient details with a unique Patient Lab ID (often the pedigree number of
patient reference number) and Chromosomal Sex.

When entering the Patient Lab ID, make sure that it is completely unique to this study;
duplicate lab IDs for different patients in the same study will not be accepted.

4. Check the box indicating that you have consent.

DECIPHER consent implies that a consent form from the Documents tab (Fig. 8.14.15)
has been signed and understood by the patient or parent/guardian. Alternatively, for
incompetent adults over 18 years, assent forms are provided for the parent or guardian
to be signed on behalf of the patient. Consent in DECIPHER allows your patient data to
be accessible via the search tool, aberration graphs, or lists of overlapping patients. The
anonymized aberration and phenotypes will be immediately available in Ensembl and are
regularly updated in the UCSC Genome Browser.

5. Click Create.

6. If consent is obtained, add a photograph by clicking Upload New Picture.

Add aberrations
7. Click on Aberrations Tab.

8. Click on Add Aberration to enter coordinate data.
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Figure 8.14.13 My Patients tab after logging into DECIPHER shows all studies and patients available to the user.

Figure 8.14.14 Adding a patient requires first some overview information about the patient.
Asterisks denote required fields.

Figure 8.14.16 shows fields with values filled in for this patient aberration. Note that a
mean ratio value for this aberration was not available, so the alternative Copy Number
field was filled in. Currently, DECIPHER only accepts coordinate values in GRCh37/hg19
reference assembly. A reference manual on how to remap from NCBI36/hg18 to
GRCh37/hg19 is provided via DECIPHER link (http://decipher.sanger.ac.uk/pdfs/
assembly.pdf).

9. Fill in the Aberration form. In Classification Type, select De Novo and in Confirm
By, select FISH.

10. When complete, hit Save.
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Figure 8.14.15 Consent forms are required to be signed for sharing anonymized DECIPHER
patient data. Forms are accessible via the Documents tab in the main menu and are available in
several languages.

Figure 8.14.16 Pop-up for adding an aberration. Asterisks denote required fields and only
aberrations in GRCh37/hg19 are allowed.

11. Investigate the Aberration tabs.

Figure 8.14.17 shows the overlapping genes, OMIM genes, and OMIM morbid genes for
this aberration. Since this aberration is a loss, it is shown in red in the Patient Track
region of the graph.

12. Click the e! button to see the patient’s details in Ensembl.

13. Click on the Syndrome Overlap tab.

Note that this patient overlaps with the 12q14 Microdeletion Syndrome.
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Figure 8.14.17 Aberration tabs for a deletion in chromosome 12 starting at 64081319 and ending at 68947027.
For this region, 28 genes are overlapped of which 16 are OMIM. Of these OMIM genes, 4 are denoted as Morbid.
In total, 9 consented patients and syndromes overlap this aberration.

Figure 8.14.18 Overview information for 12q14 Microdeletion Syndrome. A synopsis of the clinical features, size of
deletion, and expert advisor is provided, together with a link to Unique, a support group agency for families.



Clinical
Cytogenetics

8.14.15

Current Protocols in Human Genetics Supplement 72

Figure 8.14.19 Interface for adding a LDDB phenotype term.

Figure 8.14.20 Pop-up window showing selectable items to be printed.

14. Click on the overlapping syndrome and explore the information this entry provides.

15. Click on the syndrome Overview (Fig. 8.14.18).

The text included under the Overview tab reports that the LEMD3 gene has been impli-
cated in osteopoikilosis and that short stature and mental retardation are not observed
in patients with osteopoikilosis but are presumed to be attributable to another dosage
sensitive gene(s) in the common deleted region. Nathalie has the LEMD3 gene affected
as well as GNS, IFNG, and IRAK3 all catalogued in OMIM Morbid.

Add phenotypes
16. To add the clinical phenotype, select the Phenotype tab. Add the phenotype by either

of the following two ways:

a. by searching in the top input box or

b. bynavigating the hierarchy.

17. Type “osteopoikilosis” in the search box and hit Search.

18. Select the term from the Tertiary set of terms and click Add Selection (Fig. 8.14.19).
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19. If a case report or other publication about this patient has been written, add the
relevant citation by adding the corresponding PMID.

Print report
20. Back in the Patient Report, click on Print Report.

21. From the resulting pop-up window (Fig. 8.14.20), click the Select All check box and
Print Preview. By default, the overview information is shown.

22. Click on Print Document to print the patient report.

COMMENTARY

Background Information
Implementation of high-resolution whole-

genome technologies such as genomic array
analysis and exome/whole-genome sequenc-
ing is revealing an enormous wealth of, thus
far, unseen genomic variation. Understanding
the phenotypic consequences of this varia-
tion is one of the key challenges in genetic
medicine. DECIPHER facilitates the associa-
tion of rare genomic variants with their cor-
responding phenotypes by providing a secure
collaborative environment for clinicians and
researchers to share linked-anonymized pa-
tient data. To facilitate analysis, a suite of
bioinformatics, search, and visualization tools
are provided whose basic functionality is de-
scribed in this protocol. DECIPHER aims to
provide the most up-to-date integrated view
of genomic and phenotypic data using the best
bioinformatics resources, thereby enabling the
diagnosis of patients with rare genetic disor-
ders due to pathogenic copy number variation.
For further support, desired functionality, or
any queries, contact DECIPHER at decipher@
sanger.ac.uk.
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