GermUnline

1. The organization and data contentof GermOnline 4.0

GermOnline 4.0 is a crospecies database portal focusing on Hilglbughput expression

data relevant for germline development, the meiotic cell cycle and mitosis in healthy versus
malignant cellsThedatabase is available for free wiavw.germonline.org/Microarray data

are annotatedusing the Multiomics Information Management and Annotation System
(MIMAS 3.0).

The project is now organized as a genomics gateway wiokiides access to information
pr o d u c e dUTR ihighldengtyoligonucleotide microarrays (GeneChiplkg output of
genomewide proteinRDNA binding assays(ChIP-Chip) and proteirprotein interaction
studies in budding yeadturthermore3 -&W TR GeneChips expression data are availdbie

rat, mouse and human.

In addition to the database that hoBI€JTR GeneChip data the gateway provides access to
the prototype Saccharomyces Genomics VieW8GV). It was developed to facilitattne
interpretation of highly complex datashown as fse-color heatmap$ from experiments
with high-density oligonucleotide tiling microarrays that cover the enbwelding yeast

genome.

2. Simple query

The current release of GermOnline provides a graphical display of selected stuSies of
cerevisiag R. navegicus M. muwsculusandH. sapiensFirst select the species in the popup

menu and then use query terms suchttes gene symbol (Mouse Spoll), a database
identification number (MGI:1349669) or the Ensembl (ENSMUSG00000005883) identifier.
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Search | Homo sapiens =l {use * a5 a wildcard)
Arabidopsis thaliana
Caenorhabditis elegans pout
Danio rerio
@ 2010 Inzer| Drosophila melanogaster ol Contact pages. This product includes software developed by Ensembl.

Homao sapiens
Macaca mulatta
Mus musculus
Pan troglodytes

Fig. 1: A simple query. Select the species, enter the query term into the search field and press the Go button.

Depending on the species the report page contains basic information about the gene and its
transcripts including a graphical display of the exon/introacstire, information on external
reference IDs associated with the transcript, Gene Ontology annotation and data on protein
domains. To accessicroarray datascroll down to thesectionto see referenced studies.

Select all datasets for simultaneous digpda open and collapse individual displays.

List of all experiments stored in Germonline with expression data for transcript Spot1. [Show all
Help on this display’

FhiSiAct, a CREM-binding transcriptional activator required for normal sperm maturation and
morphology, is not essential for testicular gene expression.
Pubted] [Data) Design: cell cycle, co-expression; Strain: 129/5vPas; Type: mals

Spermatogonia stimulated with Kit
Fubtded] [Data] Design: cellular process, compound treatment, in witro; Type: male

[# The conserved transcriptome in human and redent male gametogenesis (mouse)
Pubted] [Data) [Data) [Website] Design: cell type comparison, development or differentiation, organism part
comparison; Strain: CETELE X 125; Type: male

Identifying genes important for spermatogonial stem cell self-renewal and survival
Fubtied] [Data] Design: is expressed, time series, Strain: CE7BL/S X 129, Type: male

[ Expression profiling reveals meiotic male germ cell mRNAs that are translationally up- and
down-regulated
Pubtded) [Diata) Design: development or differentiation, unknown experiment; Strain: CO-1; Type: male

Postmeiotic sex chromatin in the male germline of mice
Pubied) [Data] Design: development or differentiation; Strain: C57BLE X 129; Type: male

Expression profiling of purified mouse gonadal sematic cells during the critical time window of sex
determination
Pubtded) [Dizta) Design: development or differentiation, is expressed, sex, Types: female, male

Profiling gene expression during the differentiation and development of the murine embryenic gonad
Pubied) [Data] Design: development or differentiation, sex; Strain: CS7BL/E X 129, Types: female, male

Transcript prefiling during preimplantation meuse development
Pubtded) [Diata) Design: array platform variation, cell type comparison, development or differentiation, organism part
comparison; Strain: CF-1 % BED2F 141, Types: female, unknown

Major molecular differences between mammalian sexes are involved in drug metabolism and renal
functien (mouse)
Pubtded] [Data] Design: organism part comparison, sex; Strain: Swiss Wehbster, Types: female, male

Essential rele of Plzf in maintenance of spermategenial stem cells
Pubtded) [Diata) Design: genetic modification; Strain: C57ELE, Type: mals

Defining the spermatogenial stem cell (mouse)
Pubtded] [Data] Design: organism part comparison, species; Strain: CETELE, Type: male

A multitude of genes expressed solely in meiotic or postmeiotic spermategenic cells offers a myriad
of contraceptive targets

Pubted) [Data] Design: development or differentiation, arganism part comparison, time series; Strain: CS7BELE X
129, Type: male

Fig. 2: Expression data display The title of selected studies is shown and extdibata] links to PubMed and
raw data files stored at public repositories such as GEO (NCBI) or ArrayExpress (EBI) areAgigiional

information on experimental design and strain backgrounds is displayed.
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To select an individual display click on the [+] button and view linear or-toyisformed
data by following the links [Show linear scale] or [Show log2 scale].

List of all experiments stored in GermOnling with expression data for transcript Spot1. [Show all
Help on this display

Fhi5/Act, a CREM-binding transcriptional activator required for normal sperm maturation and
merphoelegy, is not essential for testicular gene expression.
Pubred] [Data] Design: cell cycle, co-exgression; Strain: 128/5vPas; Type: male

Spermatogonia stimulated with Kit
Publied] [Data] Design: cellular process, compound treatment, in vitro; Type: male

&l The conserved transcriptome in human and rodent male gametogenesis (mouse)

Pubkded] [Data] [Data] [WWehsite] Design: cell type comparison, development or differentiation, organism part
camparisan; Strain: CHTELG X 129, Type: male
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Fig. 3. Histogram display of a typical study. Samples are given and expression data are indicated in the
horizontal scale. The percentile expression signals are indidasticular samples are shown in green, somatic

controls are shown in orange.

To know mae about the samples and the expression values click on the sample name. You
will see a popupvindow that contains information which was entered into MIMAS during
the experimental annotation process. It includes array signal intensities for replicates and

information about the sample source and the preparation procedure used to prepare it.
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Fig. 4: Sample annotation.Click on the sample hame to call up information entered via MIMAS. A link at the

bottom leads the user to the raw data source.

Moving from one species to anothewithin the report page

A useful feature within the report pages enables you to access corresponding data via
ortholog linksThe i nformation is provided by Ensembl
and by OMA (Orthologous Mtrix Browser,http://www.cbrg.ethz.ch/omaWe have used

these data to link report pages from orthologs represented in GermOnline with each other.
This new feature enables users to move from one locus (and its expression data) to its (likely)

ortholog wihin one mouse click.
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= Orthologue  The following gene(s) have been idertified as putative orthologues:

Prediction Species Type Orthology Gene identifier
Caenorhabditis 1-to-1non-ortholog TOSE11.4 (spo-117 Muticontioview] [Aign]
e,l'egans Chd& 1139485 spo-11 encodes an ortholog of Spolipin 5. cerevisiae that is required for meiotic DA

recombination, and (in conjunction with CHRK-2 and MRE-11) for the localization of RAD-31 to foci in
late zygoteneizarly pachytens nuclei. ke ts yeast ortholog, SPO-11 is related to s subunit of
archaehacterial topoizomeraze VW, and probably causes double-stranded DA breaks through
topoisomerase-like transesterase mechanism. howewver, unlike Spol1p, SPO-11 iz dispensable for
homaologous synapsis and formstion of the synaptonemal complex. SPO-11 iz active even in syp-1
mutarts where its double-stranded breaks cannot be correctly processed. spo-11 iz transcribed in
the germline. [Source: WormBase]

Danio rerio 1-to-1 non-ortholog ENSDARGOO000013837 (7077876 [MutiContioisw] [Alion

Chd 8049254 hypothetical protein LOC402932 [Source: RefSeq peptide (MNP 9912457
Drosophila 1-to-1non-ortholog EEgn00027 16 (mei-YWEE) [MutiConticiew] [Lign]
me,fanogaster Ch&072105 Mo description

Homo sapiens  1-to-1non-ortholog ENSGE00000054 7596 (SPO11) MuttiConticpyvies] [&lign]
Chd 8049254 Meiotic recombination protein SPC11 (Cancerfestiz antigen 35) (CT35).
[Source: Uniprot!SVISSPROT, Acc: QOS]
Macaca mulatta 1-to-1non-ortholog EMNSMWMUGO0000000245 (SPO11) MuttiConticview] [£lon]
CihA 049234 Meiotic recombination protein SPO11 (Cancertestis antigen 35) (CT35).
[Source: UnipratSYWISSPROT, Acc: GEYSH1]
Pan troglodytes 1-to-1non-ortholog ENSPTRGO0000013657 (SPO11) [MuttiContioisn] [Align]
Chd 8049254 Meiotic recombination protein SPC11 (Cancerfestiz antigen 35) (CT35).
[Source: UnipratSYWISSPROT, Acc: GEYSH1]

Rattus 1-10-Tundetermined  ENSRENOGO0000006732 (MP_001102434.1) [MutiCortio'iew] [£lion]
norvegjcus sporulation protein, meiosiz-specific, PO homolog [Source: RefSeq peptide (MNP 00110243547
Saccharomyces 1-10-1undetermined  YHLOZ22C (SPO11) [MutiConticview] [Alan

cerevisiae Meiozsiz-specific protein SPC11 (Sporulstion-specific protein 117,

[Source: Uniprot/SWISSPROT, oo P23179]

Fig. 5: Crosslinking report pages via orthologs. Information on protein similarity is used to link report

pages. Users can click on the gene identifier to call up the corresponding report page from another species.

Protein-protein interaction data

Whenever available, protein network information is organized into three classes that
comprise nine categories: genetic (Dosage Lethality, Phenotypic Enhancement, Synthetic
Lethality), in vivo (Affinity CaptureMS, Affinity CaptureWesten, Copurification, Two

hybrid) andin vitro (Biochemical Activity, Reconstituted Complex). Users can select each
category individually or choose the option to display all interactions at once. This approach
keeps the display simple and easy to read (Eidl). For each interacting factor the gene
name and annotation information as well as the references including a hyperlink to the
respective PubMed entries are displayed. The gene names are hyperlinked with their
corresponding report pages within Germ@alilnteraction data sources are provided by the
BioGRID, and IntAct projects.
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Interaction data from BioGEID and [ntAct

™ Genetic: Dosage Rescue (2 interactions)

I Genetic: Phenotypic Enhancement (13 interactions)
I” Genetic: Phenotypic Suppression (9 interactions)
I™ Genetic: Synthetic Lethality (1 interaction)

I Genetic: Synthetic Rescue (10 interactions)

™ In witro: Biochermical Activity (2 interactions)

Interactions

I In wiva: Affinity Capture-yWestern (2 interactions)
7 In wiva: Co-localization (1 interaction)
I In wiva: two hybrid array (1 interaction)
I All (44 interactions)
YGEL213C YGL213C (SKIE) Dosage Rescue: Arora C (2004
Antiviral protein SIS (Superkiller protein 31, [Source: Uniprob SWISSPROT, Acc: 202793 2 hybrid: Arors © (2004
2 hybrid: Cheng 7 (20047
2 hybrick Uetz et al. (2000
YHR1STW YHRE1ST7YW (REC104) Dosage Rescue: Jiao K (2003
Meictic recombination protein REC104. [Source:UniprotiSWISSPROT; Acc: P33323) 2 hrybric: Arora C (2004
2 hyybrick Maleki S (2007
YLRI329W Y LES2 9w (REC1 DQ) Phenatypic Enhancement: Kee K (20027
Meictic recombination protein REC102. [Source: Uniprot/SWISSPROT; Acc: Q02721] Syrthetic Rescue: Jiao K (2005
2 hyybrick Maleki S (2007
Affinity Capture-Western: Jiao K (20037
Affinity Capture-Western: Kee K (20027

Fig. 6. Protein network data. Tick a box to call up the interacting proteins. The display provides a link to the

corresponding report page in GermOnline and external Pubdfectnces

Protein-DNA binding data (S. cerevisia@nly)

The database provides a display of Chromatin Immunoprecipiation and Chip-QGipP
datafor budding yeastAs a prototype entrg studyis included that identified the yeast target
promoters ® Abfl, a general DNA binding regulaton vegatatively growing versus
sporulating cellsNote that the data were obtained with microarrays containing spotted PCR
fragments covering all known yeast intergenic regions and open reading frames. Data are
displayed on a log2 scale with a full reference and a link to the data repository and the
corresponding PubMed entry. To facilitate the interpretatioim @fvo binding data that are
show as foleenrichment of a bound DNA fragment, the corresponding datanebtavith
upstream and downstream fragments are also displdyedtitle of the corresponding study

is displayed. Click on the [+] button to display the dddare information is available via the
AHel p on t hiNetethat cOrpespangdiag microay kxpression data are available

for this study in the microarray data section of the report page.



Genome-wide  ¥iew gene regulation information.
DNA-binding List of all experiments stored in GermOnline with DMNA-hinding assay data for promoter regions of gene SPO11.

assay Show all
{Help on this display)

[=] Genome-wide expression profiling, in vive DNA binding analysis and probabilistic motif prediction
reveal novel Abf1 target genes during fermentation, respiration and sporulation in yeast

Data] Design: binding site identification, growth condition, time series; Strain: Sk, Type: MATafalpha
Chrarmatin immunoprecipitation {ChIPY array Sc_spot_Curie

Probe YHLOZ1C {1701 bp upstream - 304 bp upstream)[Show linear scale][Show log2 scale

Log2 Intensity ratio 1
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5Pl 8h

Probe HLOZ2C (304 bp upstream - start site)[Show linear scale][Show 102 scale]

Log2 Intensity ratio 71
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Probe ¥HLOZ2ZC (start site - 1196 bp downstream)[Show lingar scale][Show (002 scale]
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Fig. 7: In vivo binding of Abfl. Color-coded bars show log intensity ratios for Abfl binding in YPD (red),
YPA (blue) and SPII (4h and 8h into sporuati green)

6. External links

Useful external information sources grouped into Expressi®motein and Literature

categories are indicated in a speepscific manner within the report page.

a  Quick Links Expression  GNF SymAtlas:
Protein BioGRID:
UniProtKB:
Swiss-Model:

Literature  PubMed:
Google Scholar:  All articles (Al sk
Recent articles[All

b Quick Links Gene SGD:
GeneDB:
AGD:
YGOB:

Protein BioGRID:
PeptideAtias:
UniProtKB:
Swiss-Model: =

Literature PubMed: [List les)
Google Scholar:  All articles [Alls

Recent articles[All species] [Tt

Fig. 8 External links. Panel a shows an example for moSg®11. Panel b gives external links available for
yeast Spoll.
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7. Advanced query

To call up lists of genes that correspond to publications first séeanusculusor S.

cerevisiago access PubMed abstracts.

Search [Homo sapiens =

Query functional genomics
& expression data

& Mus musculus

Loy

{use * as a wildcard)

T3 The core meiotic transcriptome in mammals: 9280 mouse genes differentially

SRS xpressed ingerm cells
K] Saccharomyces cerevisiae

cell cycle and gametogenesis

™ E] '!! & wvide range of functional genamics and expression experiments related to the

Fig. 8: Advanced query form. Select the spées to get to the abstracts of the publications relevant for gene

lists of interest

Next , click on the

High-quality genes or Higlguality transcripts)and identify gene lists (it is highly

recommended to read the papers f or e

Dataset

High-guality genes : Only
High-guality transcripts © Only
Genes Differentially Expressed
in Testis (DET) : ME {meiotic
cluster)

Attributes

Gene stable id
Gene primary acc
Gene display label

BFILTERS
T DLsT

M High-quality genes

M High-quality transcripts

gametogenesis [Abstract

WV Genes Differertizlly
Expressedin Testis (DET)

inmouse and rat (COET)

detected
min

max

button

you

Please restrict your query using criteria below

)
[ Conserved expression pattern | P (postmeiotic cluster)

pull

Gene or transcript identifier »

Parcourir..
© Only
© Excluded
& Only
© Excluded

& The conserved transcriptome in human and rodent male

S0 (somatic cluster

™ Number of tissues (in addition to testis) where expression is

e
[v =

AQuery
dataset (Mmusculus or Scerevisiae). Subsequetith/,appropriate filter criteriglD List,

out

for mo,

gene

sel

' i st s)

Fig. 9: Advanced query form filter criteria. Select filter crieria and experimental features to define gene lists
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Differentially Expressed in Testis (DEF,iConserved and Differentially Expressed in Testis

(CDET)o or the number and type of somatic tissues where expression is detected.

Next, click on thefiAttributed link to display a form that enables users to define which

informationthey want to export.

Dataset
Filters

High-guality genes : Only
High-quality transcripts © Only
Genes Differsntially Expressed
inTestis (DET) - ME {meiotic
cluster)

Attributes

Gene stable id
Gene primary acc
Gene display label

Please select columns to be included in the output and hit
‘Results’ when ready

BFEATURES
gene
¥ Gene stable id ™ Gene is known
¥ Gene primary acc ™ Description
¥ Gene display lzhel
transcript
™ Transcript stable id ™ Transcript display label
™ Transcript primary acc I~ Transcript is known

Cross-references
™ Gene Ontology

& The conserved transcriptome in human and radent male
gametogenesis
Genes Differentially Expressed in Testis (DET)
™ Expression cluster (DET) I~ Similar expression pattern in
mouse and rat (COET)

Somatic expression

™ Morktestis tissuss where I Morrtestis tissues where
expression is detected (list) expression is detected (number)
Normalized expression intensities

™ Sertoli cells replicate 1 [ Spermatids replicate 1

™ Sertoli cells replicate 2 [ Spermatids replicate 2

™ Spermatogonia replicate 1 ™ Tubules replicate 1

™ Spermatogonia replicate 2 ™ Tubules replicate 2

7 Spermatocytes replicate 1 ™ Total testis replicate 1

7 Spermatocytas replicate 2 [ Total testis replicate 2

Fig. 9: Attributes for data export definition. Selecttranscript features, annotation data and expression data to

be exported

Finally, click thefiResult® buttonin thetop navigation baanddefine the file type yowant

to export the datasing the popup menuBress théiGoo button.Use appropate software to

save the file.

Dataset
Filters

High-quality genes : Only Email notification to

Export allresults to - [Fie ] [Tsv =] T Unicue results

only  EENE

High-quality transcripts ; Only View

10 =) rows as [HTML =| I Unigue results only

Genes Differentially Expressed
in Testis (DET) . ME (meiotic
cluster)

Attributes

Gene stable id
Gene primary acc
Gene display label

Gene stable id Gene primary acc | Gene display label
ENEMUSGO0000053869 | MG1:88495 Cren
ENSMUSGO00000E3E5S | MG188495 Crem
ENSMUSGON0000E358 | MG1:55495 Crem
ENSMUSGO00000505945 | MGLE2444319 Zfpd38

ENSMUSGO0000032540

MGL1918151

48921524L21Rik

ENSMUSGE00000032540

MEE1915151

4921524L21Rik

ENSMUSGO0000061802

MG11922184

Armed

ENSMUSGO0000050936

MGI1347066

Cetnl

ENSMUSG00000036743

hl51: 1920827

Psmat

ENSMUSGO0000014232

MG 1924029

Cluapl

Fig. 10: Results and export file type Popupmenusenable the user to define to export file type
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8. Using the Saccharomyces Genomics Viewer

The graphical display implemented in GermOnline is not suitable for displaying- multi
sample tiling array datasets. We have therefore decidedetmteca separate prototype
solution for budding yeast tiling data that is integrated into the GermOnline gateway. To
access the Saccharomyces Genomics Viewer (SGV) click on the logo in the top left corner of
the GermOnline welcome page.

In the query formfirst define the type of queryc¢ding transcript, neooding transcript,

segment 1D, chromosomal coordinate, ARS) and then type a yeast systematic name
(YHR124W), standard nameNPT80, SGD ID (SGD:S000001166) for coding transcripts,
or the names of neooding transcripts (SUT587, MUT686), segment IDs
(8.+.356585.358433), chromosomal coordinates (8:356585) or ARS numbers (ARS1215).
The report page is organized into four different datasets obtained with different yeast strains.

v [l ' “|Wl‘ﬂl}lﬂWIWHMIAM'HIWIWIMM[II M“MIW

Fig. 9: SGV data display. An image of normalized tiling microarray expression data at the single
oligonucleotide probe level is shown via a fatetor heatmap (red and blue indicate strong and weak signals,
respectively). The samples are indicated for fermenting (YPD), respiring)(¥nd sporulating cells {12h in

SPII medium). Proteircoding genes, ncRNAs and ARS elements are shown as blue, purple and gray boxes,

respectively. The chromosome number and coordinates are given.

10
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A detailed legendt the bottom of the report pageplains the displayor each studynd
provides PubMed links to the studies whenever they are availablso includes log2 data

scales.

Fig. 10: SGV legend.Detailed information on the report page content is given. Published studies are linked to

PubMed entries.

. Making a contribution to GermOnline

You are invited to contact Michael Primignichael.primig@inserm.)rif you wish to

contribute raw CEL data file®lease note thalhe databasenly displays data obtained with
high-density oligonucletide microarrays (GeneChipsige aware that GermOnline is not

meant to serve as a repository, so any submission to the database does not substitute for raw
data submission to a certified public reposi

which is mandatory according to the MIAME standard.
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