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FacebB

A Resource For Craniofacial Researchers

Our Mission

To serve as the trusted online data resource for Established in 2009
dental, oral, craniofacial (DOC) and biologically  mpma=——m *
related research worldwide E————————

1. Provide a comprehensive data resource in
support of advancing research in craniofacial
development and malformations

2. Promote multidisciplinary collaboration and R
research in the dental and craniofacial fields G

3. Integrate genomic and phenotype data from | :
multiple species e

4. Utilize multiple, complementary resources B B » . 0
and strategies to enhance data www.facebase.org

reproducibility



FAIR and Al/ML-Ready Data Usage
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accurate filtering to find data of interest R T

Conttutons @ Omcrption
Prorcsn @ swaegy. for of 2 rction. e
Petsted Datasots ()
Prom: evicoment ad Vatcston o o Arelogensss Modks
Exomment e ) > e - . opomeloa:
spacies t) Contrbutorty) o Hu, Hong Zrang & Tat mooe | Q xpiore |
I oo O o Prenctype 2) Prowcon ® « AAxcope Protscal
Gene ) « Tinsue Processing e Hstciogy Sectonng
&= RN — Ntlghgdg HBcDa0DORTArG.IWMYEMEAES G TIpMEAGHCIABowkcm B9HADWACCM!. €7 sdadeped
sge 4 . =
Avescy 5 « RiAscope 25 HO Datecton Resgwrt
Y « Genotynng Protoco for Ocach and Si1165 Wouse Mocels

+ emnohatacheristry Protacol

Mouse Gentic Background

« Cecaotcation Protcece
* Muse Periusion

Dataset

P 3 3
Qucaype ) Pobted Datasets) ®  Peistiod FaceSase dataset FACEBASE 1-4CT2 [ ool oo |
Fopp— B Trumbnai @5+) Sl
b, [oror——.
X Exparimant Type: imaging assay % Species: Mus musculus  Clear all fiters xperiment (7) jocts ©
Biosample (16)
_ oot i®  cen [ee—— e ]
R{ine search [ Hide panel \ ) Displaying first | 25 + |of 553 matching resuits Sequencing Data (1) ‘exgronson lozaten detection by Pybodizaler chsin rescton
§ § imaginy 50 — prp o]
+ Experiment Type © View® Record DO Title £ Experiment Type(s) © Species®  Stage@®  PG®  Releasabate gy Dew AEH] )
Prenctye® [rove —pu— w———— T e
SR B B 1seea Musmuscuus | PN7wesks, P14, JanChing  2021-07-12 o B Q bk |
- . assay. imaging assay, PN21.PNA Chun Hu Py -
(] A records with vaiue @ Mouse Tooth location detection by hybridization chain reaction
Development Stage® PGPS, PARY, PN 7 ook e e || O B
Olerare® ., ” (8 bt moce (@ i |
’ S v Ganeraion nd chan tarmination saquenchg sy, compurive | Mus musculis | PN 7 weeka, PNY1, JenCRng  2021-07-12 — e o (e e
[ imaging assay Chamcterization of  phenotypic axsessment, genotyping assay, PN21, PN4 Chun Hu — oy L Ir Mot IS MNLID. B Tatte mode || Q Expioy
Dlwnc-sea v o e —— = T,
[ atom proe tormagraphy (@ o) [ o
o G-terminis Flag Mouse Genetic csTaas oo e [ G B
chin Isrminion sepancing sy ) 1veze Timing of mouss  imaging sssay, micro-computed fomograghy  Mus musculis E105, E115, Juka 20010807 Backgoud ©
[[J cnip-seq assay mlar formatien s (miereCT). micraseopy assay Ef25, E135, Boughner Gender @ tomate crgenam, mute organam
not influsnced by E14.5, E155,
ccevpaate Sp—
o Pty jaw longth including E165,E175, Geotype ® WI, Sic1288 (+/FLAG) and Sic138 (FLAGFLAG)
(] asta snaiysis retromolar space E18.5, PNO, PN1B,
(] arvanceractvty cetection by raporergens Pz, P, PG
[ rescanon miceoncopy R 1voRc Biopnysical atom prabe tomography, imaging assay, micro | Mus musculs  adult PAZ1, PAZZ, | Dark Josster, | 2021-06.07 v Thumbnail
PHiss, Png1, PGS, Ophie e
[ Gene summary
wid ypa anamet at_tomogyaphy (miroCT), micrabear pariich- PN, PNTY. PNTS
5 Show Mare ikita bty | b oy st oy UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly
pli Nancindartaion, nes-acige Xrty sbsopbon e rove (20 <] <1 oo 2o0m L[] s ot e ] 0
L Spocies stuctee spectroscopy, optial mcroscopy. ) 120526 20TRII 1200739, .
Rarman microscopy: scanning sciron
B MIErSgrARN, SCanNIng Sloctron microscopy.
Scareing slection micro3copy neny diperse
.y spociroscopy, synchroton smal argle
Xeray scattering, wide-angle X-ray scattering
B Rin B rmoe geotypng | MusTuscU | PN7wedkaPHIZ. JsaCring 20210540
A Qe Knockcout o | assey magng asasy P14, P21, PNS, | Chun Hu
(] oania Mouse Taoth £

Fromts view o massry and marcibuss incitors of e SicL3S" meute #1Frorta vew of maxiiary snd mindibuie ncisors of e SK 1385 mouse 12
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well organized details on experiments
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3. Interop and Reuse: many paths for

online visualization or download for
offline analysis




Demo: Website and Documentation

Website

The trusted data resource for craniofacial researchers worldwide ° °
FaceBase is a collaborative NIDCR-funded project (', p S ° WWW. a C ‘ ! a S ‘ E ° O rg
Enter keywords to search across datasets (e.g., mus musculus mandible, Fgfri)

FaceBase Data Summary

Number of Subjects by Species Number of Datasets by Assays
Datasets: 1106 Experiments: 2,984 Images: 45,398

W Mus musculus W Tomography and MR
W Danio rerio W Epge
W Pan troglodyte: B Anarysis
New to FaceBase? Galtus gaitss Microscopy
GWAS

Start here for helpful links and guided resources.

Using FaceBase
Browse and discover data. (7

Contributing data to FaceBase
Share your data on FaceBase

i st | * https://docs.facebase.org

Mouse Human Zebrafish

Image Search selow are some examples of the types of imaging data available in FaceBase.
Click here to search through all imeging records.

MicroCT Fluorescence Enhancer activity Microscopy Histological
microscopy assay

& ke



http://www.facebase.org/
http://www.facebase.org/
https://docs.facebase.org/
https://docs.facebase.org/
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An Analogy... Shopping for a Car Online

Google vs. Cars.com?
“2018 or newer Mazda MX-5 Miata with less than 20,000 miles near 90292”

O B httpsy//www.google.com fxd « (¢] O 8 nhitps://www.cars.com w
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Find your
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Google ing Luc

\ Carbon neutral since 2007 Privacy Terms  Settings Teandinea annéant mace vian

Text search works well over a collection of documents, not as well for non-text objects



"Faceted Navigation” through Structured Data

ece ® New Cars, Used Cars, CarDes X
« c O B8 hips & © L =
@ CarsforSale  Research& Reviews  News&Videos  Sell YourCar  Service & Repair Signin / Sign Up

Find your
match

SPONSORED: Exp
Make Body style Advanced search Shop by what matters most
Newlused Make b Frim cargo space to tech, tell us what you like and we'll
New cars Y Mazda Y MX-5Miata v find\lou cars to love.

Prce Distance 2
Nomaxprice 20 miles v 90277 “

- T
2022

v ¥ v
No maxiprice “

OUTLANDER

BUILD & PRICE

MITSUBISHI
MOTORS

Trandinea aantant nace vian

Guides the “search” through structured data by their classification or characteristics

# Used Mazda MX-5 Miata for S¢/ X

0 4
,0 matches Save seaigh
X Used X Mazda
X MX-5 Miata
Clear all
Basics
20 miles v 90277

Model
CX-3
CX-30
CX-5
CX-9

MX-5 Miata

MX-5 Miata trims
Base
Club

Cigad Touring

miatadlist_price_max=&maximurm &
Used Q save
2004 Mazda MX-5 Miata Cloth

17,500 mi.

$25,000

(A Govabeat) (Home Deivery) (Virtual Appointments)

Free CARFAX Report 7

TRED Private Seller (Long Beach)

12 mi. from 80277 Check availal

Used Q save
1999 Mazda MX-5 Miata
82,884 mi

$16,000
(Virtuat Appointments)
Free CARFAX Report 2

TRED Private Seller (West LA)
4.0 ik Y (1 review)

15 mi. from 90277 Check availability

Used Q save
2004 Mazda MX-5 Miata Cloth
35,636 mi

$21,900 2,099 price drop
7 Good Deal | | Home Delivery | | Virtual Appointments

Free CARFAX Report 72

TRED Private Seller (West LA)
4.0 wrdedede ey (1 review)

15 mi. from 90277 Check availability

Feedback



Finding Data in FaceBase

) & facaifSe.org g © 0 + D eee M- < 0 & facebase.org ¢ o0 +

DATA ~ RESOURCES ~ CONTRIBUTE ~ POLICK

Join us for the FaceBase Virtual Bootcamp for s and Contributors on Thul Sept 28th! Learn more and register now!

The trusted data resource for/Craniofacial researchers \ arldwide
] b i Refife search [@Hide pandy  Displaying first | 25 ~ |of 1,049 records
FaceBase is a collaborative NIDCR-fundafi project (£,
+ Experiment Type ® View® RecordID® & Title $§ Experiment Type(s) @  Species®  Stage(s) @ Pls)®  Release Date §
Enter keywords tofiZarch across datasets (e.g., mus musculus mandible, Fgfr1) SEARCH DATA PE—— n B 3C-4R98 Single-cell RNA-seq single-cell RNA-seq assay Mus musculus E10.5,E11.5, Axel Visel 2023-09-06
= B and single-nucleus (scRNA-seq), single-nucleus E12.5,E13.5,
() At records with value @ ATAC-seq analysis of  ATAC-seq E14.5,E155
= mouse embryonic
FaceBase Data Sumr ary () No value @ e
Number of Subjects by Species Number of Datasets by Assays [) ATAC-seq
Datasets: 1,049 Experiments. 29 Images: 45,269 = = |3c4Ge2 RNA-seq, ChiP-seq ATAC-seq, ChiP-seq assay, Homo sapiens | Camegie stage  Axel Visel 2023-07-19
() atom probe tomography and ATAC-seq analysis = RNA-seq assay 18, Carnegie
W Mus musculus B Tomography and M y, - s v stago 10
BROWSE ALL DATASETS B Homo sapiens B Gene expression d (] chain termination sequencing assay e
B Danio rerio B Epigenetics y ) ohP-seq assa > ’:9“399
B Pan troglodyte B Analysis v U eseay » Camegio
New to FaceBase? Gallus gallus Microscopy y (7] comparative phenotypic assessment S0
Start here for helpful links and guided resources. CWAS / (7] confocal fluorescence microscopy 3 20-MeeG Center for Oral Health | data analysis, family history Homo sapiens Betsy 2023-06-12
Facial scans. — Research in design Foxman,
Using FaceBase Material analysis [_] data analysis Appalachia, Cohort 1 Daniel W.
Browse and discover data. (7' [] enhancer activity detection by report... (COHRAT): a study of McNeil, John
northern Appalachian R. Shaffer,
Contributing data to FaceBase [__] exome sequencing assay households Mary L.
Share your data on FaceBase. (] Facial scans T
& Show More E 1A-BWJB Craniofacial Facial scans, Morphometric Homo sapiens Curtis 2023-05-13
7 Dysmorphology analysis Rogers,
v Species ® Associated with Katherine
Phelan-McDermid Weisensee
Organism-specific resources in FaceBase e =) Syndrome
() Nurecords with vaiue @ B |28NsBT RNAseq and RNA-seq assay, single-cell Mus musculus  PN30 YangChai | 2023-04-10
. s scRNAseq profiling of | RNA-seq assay (scRNA-seq)
Mouse Human Zebrafish [ No Wue © e e bk and

- trinaminal nannlinn

Guided search through the project-dataset-experiment-biosample data model



Ready for Reuse, Reproducibility, (Re)analysis

> -:3 Project Reprfasents the group contributing data,
funding, and team members

‘ ‘ A
, |
% Protocol ‘ Dataset |«— Collection of data and metadata
\ ‘ 7
‘ — .
HEH i Experiment Specifies assay type, protocol used,
JUJL instruments, etc. for each experiment.
Provides details about the tissue: i

species, genotype, age stage, ”DBiosample
anatomy, etc.

Describe or reference
protocol(s)

, A ‘
m§ rile | Collects data output: imaging,
k ‘ microscopy, sequencing and others...




Tour of Dataset Details

Protocols

Keywords

Idenifiars. T

Description

Project
Contributar(s) T

Protocols) @

Feelated Dataset(s) ©

Protected Hurnan
Subjscts @

Exparimant Type L

Spacies T

Phenatype @

Persistent Identifiers
(e.g., Digital Object Identifiers)

Dataset: Generation and Characterization of a Slc13a5 Knock-in Mouse Model
with C-terminus Flag

Record 1D: 1-¥7TE  Accesslon: FBODOO1177 DOk 102555001 -YTTEE  (Released: 2021-07-12)

A 5l 1385 wikd-type saquence with a 1X FLAG epitope bedore the C-temminal codon was ganerated in the CSTBLE background using the conventional KI strategy.
This mouse model is usalul for sensitive and specific immunolocalization of the transparter, which is critical for interpretation of its function. The coding exons and
exorintnon bonders of the F2 generation wernd confirmisd by Sanger Sequencing.

Deviloprment and Validation of Movel Amelogeness Maodals
Jan Hu, Hong Zhang B Table mode || O Explome

» RNAscape Pratocol | e8 Table made || © Exploe
s Tissue Processing for Histology Sectioning

& Foermalin-Fixed Paraffin-Embedded (FFPE) Sample Preparation and Pretreatmant

« RMAscopa 2.5 HD Datection Raagant

= Ganotyping Protocol for Odaph and Sic13a5 Mouse Models

+ Immaunehistochamistry Protocol

= Decalcification Protocol

= Mouss Perfusion

s Confirmation of Al Coding Exons and Exon-intron Junctions for Odaph and Sic12a8 Mouse Modals

Related FaceBasa dataset FACEBASE-1-MCT2 [ B Table mode +] Expione
M
chain termination sequencing assay, comparative phenotypic assessment, genotyping assay, imaging assay, transcript exprossion | B Table mods Q, Explom

location detection by hybridization chain reaction
Mus musculus BB Table mode || <L Explom

abnormal enamel development, Armelogenasis impaerdecta B Table mode +] Expione

Standardized Terminology Additional Details ==

=/ rrmanTD
Dataset: Generation and Characterization of a Sic13a5 Knock-in Mouse,

«  Model with C-terminus Flag
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Data Visualiza

Single Cell Visualization
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Click here to visualize hg19 at chr1:200,536,224-210,739,796 in new window

() Genomes Genome Browser  Tools Mirrors Downloads My Data View Help About Us

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly
move |<<< | << |<|>|>> | >>> zoomin|1.5x | 3x| 10x | base zoom out | 1.5x | 3x | 10x | 100x

multi-region | chr1:209,536,224-210,739,796 1,203,573 bp. | e
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nome Browser Visualization

tion to Maximize Accessibility

JJ-Osr2-Ezh2-mut-4wks-1.nii.gz - click the load button below to view the downsampled preview

Image Volume Visualization

JNNTOA

ONTRIBUTE ~  POLICIE:

2-CNMM: WT H3K27me3 PO.jpg
(oo svsr | =oncunais | azomn | @zsmos | oz | @1wassowrs

Hi-Res Imaging & Annotation

JJ-Osr2-Ezh2-mut-4wks-1.i

Orthogonal Slice Visualization

gz - click the load button below to view the downsampled preview

3WNT0A

E18.5 wildtype mouse - hard tissue
S Moshes  Q Show landmarks

Meshes x

G Showboundingbox  $*Clipplane @Zoomin @Zoomout OCRotate fYReset [ Open

0 frontal suture
=0 interparietal bone
=0 mandible

=0 maxila

0 nasal bone

=0 occipital bone
0 palatine bone
=0 Parietal bone

=0 premaxilla

=0 skull

Surface Mesh Visualization




Batch Data Export

Exporting BDBag

Your acuest 5 baing processac.
Vou il b4 et acwriaad e e when 3 5 el

Materialize — fetch
and integrity check
data files

Gender )

Thumbnail (25+)

Download a dataset e

Sequencing Data (1)

B dataset_1-SXC4.zip
@ HPOtermsto.addto.Faceb...

B 4031527 _WT.nii.gz
B P5cntrl-Hom-WT-5-2-4X...

The file [/Users/bugacov/Downloads/dataset_1-SXC4.zip] is a supported archive format.

All files downloaded
to your computer

manifest file (BDBag)

using the browser

Downloads

M dataset_1-SXC4
M metadata
R manifest json
™ data
M imaging_data
R YYM_PN10.5 control 16.7um.nii
B JJ_PN7.5 control 16.7um.nii
R JJ_PN215 control 16.7um.nii
R JJ_PN14.5 control 16.7um.nii
R JF_PN18.5 control 16.7um.nii
B 4 x P7.5 molar.if
B 4xP3.5 molar.tif
4 x P21 molar.tif
@ 4 x P18 molar.tif
@ 4 x P14.5 molartif
[ 4 x P10 molar.tif
m 4 x PO.5 molar.tif
£ 1.5x CT P21.5.1if
1 1.5% CT P18.5.tif
15% CT P14.5.tif
1.5% CT P10.5.tif
15X CT P7.5.tif
naging_data.json
R replicate.json
R biosample.json
B experiment.json
B project.json
ataset.json
fetch.txt
nanifest-mds.txt
B tagmanifest-md5.txt
R bag-info.txt
A bagit.txt
R dataset_1-SXC4.zip

- - ]

ET =Ry
Dataset: Generation and Characterization of 2.8 _wio_-in Mouse
Model with C-terminus Flag

[P—

Relsted Datsseti) ©

Protected thmar o
Sutiects ®

Expererent Type O ic atsassimact. genctyorg smay. iragnd ssaay, Vot

001004184 OACTAC AAAGACGATGACGACAGTAGGCCAAGCAGGCTTARTTARCE

of matary and mancibuiar o

Mol vew o he manstlar

Mess vew o the rmanSbulsr incscr of the Sc1365° 43 mouse #1Mesil view of the mancdibudsr cisor ofthe S 365+ mouse 2



Programmatic Data Access

GETTING TO KNOW DERIVA
About DERIVA
DERIVA Platform

Key Concepts

USING DERIVA
Using the Chaise Data Browser

Managing Data in DERIVA with
deriva-client

Starting a Deriva-Py Data
Management Project

Annotations Guide

REFERENCE

Python Command-line Clients and
API (deriva-py)

Desktop GUI Applications (deriva-qgt)

Schema Workbench (deriva-
workbench)

Catalog Management Command-line
Clients and API (deriva-catalog-
manage)

Entity Relationship Store (ERMrest)
Object Storage (Hatrac)

JavaScript Client Libraries
(ERMrestJS)

Web interface (Chaise)

Auxiliary web services for DERIVA
(deriva-web)

5] docs.derivacloud.org

Building a DataPath

Build a data path by linking together tables that are related. To make things a little easier we will use python variables to reference the tables.
This is not necessary, but simplifies the examples.

[4]: dataset = pb.isa.dataset
experiment = pb.isa.experiment
replicate = pb.isa.replicate

Initiate a path from a table object

Like the example 2 notebook, begin by initiating a path instance from a Table object. This path will be “rooted” at the table it was initiated

from, in this case, the dataset table. DataPath ’s have URIs that identify the resource in the catalog.

[5]: path = dataset.path
print(path.uri)

https://www. facebase.org/ermrest/catalog/1/entity/dataset:=isa:dataset

o
Link other related tables to the path P rogra m m at I c a cce SS
o
In the catalog's model, tables are related by foreign key references. Related tables may be linked together in a DataPath . Here we link the to a I I d ata u s I n g
following tables based on their foreign key references (i.e., dataset <- experiment <- replicate ).
Python and R APIs

[6]: path.link(experiment).link(replicate)
print(path.uri)

https://www. facebase.org/ermrest/catalog/1l/entity/dataset:=isa:dataset/experiment:=isa:experiment/replicate:=isa:replicate

Path context

By default, pataPath objects return entities for the last linked entity set in the path. The path from the prior step ended in replicate
which is therefore the context for this path.

[7]: path.context

(711 _TableWrapper name: 'replicate’ List of columns: RID dataset biosample bioreplicate_number technical_replicate_number RCB RMB
RCT RMT experiment

Thumbnail (25+)

Experiment (7)
Biosample (16)
Sequencing Data (1)

Imaging Data (25+)

[ 8 800w oty seciors | 2 pen - [ & smancae |
Dataset: Generation and Characterization of a Slc13a5 Knock-in Mouse
Model with C-terminus Flag

Jdentiers @

Project

Contrbutriy ©

Protected Humar o
Sutject

Expecerert Type O yorg asmay imagng ssiay, varscrot

Prenctype ® doveopent, Amelogernesis mperecta

Mess vew o the rmanSbulsr incscr of the 51385143 mouse #1Mesial view of the mandider cisorofthe Sic1 357 moune ©2



Citing Datasets In Publications

Citable Data IDs:
e Globally-unique

Persistent

Actionable

Versioned
Publishable

v'Cite data as you
would any other work
that you use

v'Always include the
DOIl ©

Share and Cite

Share Link

Versioned Link (8 hours ago)

https://www.facebase.org/id/1-Y7T8@2WJ-VMEZ-ZRNJ

Live Link &

https://www.facebase.org/id/1-Y7T8

Data Citation

Jan Ching Chun Hu, Hong Zhang. Generation and Characterization of a Slc13a5 Knock-

in Mouse Model with C-terminus Flag. FaceBase Consortium https://doi.org/10.25550/1-

Y7T8 (2021).

Download Data Citation:
BibTex Recommended Citation
Format for Data

o

Record 0: 1-¥7T8

Accession

8 800w ot seciors | WL G s s e |
Dataset: Generation and Characterization of a Slc12a5#8 "5 iouse
«e=«  Model with C-terminus Flag




Demo: Search & Browse & Visualization

 General Search
* www.facebase.org = Search Data OR Browse All Datasets

* Image Search
 www.facebase.org - Data = Images

 Visualization Examples
* Image Volume

* https://www.facebase.org/id/TKT (skull)

* https://www.facebase.org/id/1-SXC4 (dental)
Histology

* https://www.facebase.org/id/1-W96W
Surface Model/Mesh

* https://www.facebase.org/id/1-YQKS8
Genome Browser

e https://www.facebase.org/id/TMJ

 https://www.facebase.org/id/1-7780
Single Cell

» https://www.facebase.org/id/R-PPWJ

e https://www.facebase.org/id/V-J7QP (direct)



http://www.facebase.org/
http://www.facebase.org/
http://www.facebase.org/
http://www.facebase.org/
https://www.facebase.org/id/TKT
https://www.facebase.org/id/TKT
https://www.facebase.org/id/1-SXC4
https://www.facebase.org/id/1-SXC4
https://www.facebase.org/id/1-SXC4
https://www.facebase.org/id/1-SXC4
https://www.facebase.org/id/1-W96W
https://www.facebase.org/id/1-W96W
https://www.facebase.org/id/1-W96W
https://www.facebase.org/id/1-W96W
https://www.facebase.org/id/1-YQK8
https://www.facebase.org/id/1-YQK8
https://www.facebase.org/id/1-YQK8
https://www.facebase.org/id/1-YQK8
https://www.facebase.org/id/TMJ
https://www.facebase.org/id/TMJ
https://www.facebase.org/id/1-7780
https://www.facebase.org/id/1-7780
https://www.facebase.org/id/1-7780
https://www.facebase.org/id/1-7780
https://www.facebase.org/chaise/record/#1/isa:dataset/RID=R-PPWJ
https://www.facebase.org/chaise/record/#1/isa:dataset/RID=R-PPWJ
https://www.facebase.org/chaise/record/#1/isa:dataset/RID=R-PPWJ
https://www.facebase.org/chaise/record/#1/isa:dataset/RID=R-PPWJ
https://www.facebase.org/chaise/record/#1/isa:file/RID=V-J7QP
https://www.facebase.org/chaise/record/#1/isa:file/RID=V-J7QP
https://www.facebase.org/chaise/record/#1/isa:file/RID=V-J7QP
https://www.facebase.org/chaise/record/#1/isa:file/RID=V-J7QP
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