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Metadata Are Critical

* Metadata: Information about each sample that was sequenced
° e.g. host organism, treatment, date of sampling

* Hypotheses to test usually depend on metadata

o “Are the gut microbial communities more diverse in treated mice than untreated ones?”
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Metadata Are Critical-And Often Poor

* Metadata: Information about each sample that was sequenced
° e.g. host organism, treatment, date of sampling

* Hypotheses to test usually depend on metadata

o “Are the gut microbial communities more diverse in treated mice than untreated ones?”

“Here is my mapping file. Please analyze my samples by treatment.”

#SampleID BarcodeSequence LinkerPrimerSequence Description

PC.354 AGCACGAGCCTA YATGCTGCCTCCCGTAGGAGT mouse I.D. 354
PC.355 AACTCGTCGATG YATGCTGCCTCCCGTAGGAGT mouse I.D. 355
PC.356 ACAGACCACTCA YATGCTGCCTCCCGTAGGAGT mouse I.D. 356
PC.481 ACCAGCGACTAG YATGCTGCCTCCCGTAGGAGT mouse - I. D. 481
PC.593 AGCAGCACTTGT YATGCTGCCTCCCGTAGGAGT mouse - I. D. 593
PC.607 AACTGTGCGTAC YATGCTGCCTCCCGTAGGAGT mouse I.D. 607
PC.634 ACAGAGTCGGCT YATGCTGCCTCCCGTAGGAGT mouse - I. D. 634
PC.635 ACCGCAGAGTCA YATGCTGCCTCCCGTAGGAGT mouse TI.D. 635
PC.636 ACGGTGAGTGTC YATGCTGCCTCCCGTAGGAGT mouse T, D. 636
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Metadata Are Critical-And Often Poor

* Metadata: Information about each sample that was sequenced
° e.g. host organism, treatment, date of sampling

* Hypotheses to test usually depend on metadata

o “Are the gut microbial communities more diverse in treated mice than untreated ones?”

* “Here is my mapping file. Please analyze my samples by treatment.”

#SampleID BarcodeSequence LinkerPrimerSequence Description

PC.354 AGCACGAGCCTA YATGCTGCCTCCCGTAGGAGT mouse I.D. 354

PC.355 AACTCGTCGATG YATGCTGCCTCCCGTAGGAGT mouse I.D. 355

PC.356 ACAGACCACTCA YATGCTGCCTCCCGTAGGAGT mouse I.D. 356

PC.481 ACCAGCGACTAG YATGCTGCCTCCCGTAGGAGT mouse I.D. 481 20%

PC.593 AGCAGCACTTGT YATGCTGCCTCCCGTAGGAGT mouse I.D. 593 -
- - Not provide

PC.607 AACTGTGCGTAC YATGCTGCCTCCCGTAGGAGT mouse I.D. 607 0%

PC.634 ACAGAGICGGCT YATGCTGCCTCCCGTAGGAGT mouse I.D. 634

PC.635 ACCGCAGAGTCA YATGCTGCCTCCCGTAGGAGT mouse I.D. 635

PC.636 ACGGTGAGTGIC YATGCTGCCTCCCGTAGGAGT mouse I.D. 636

Incomplete and/or
inconsistent
40%

Researchers' Metadata
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Standardized Metadata Are Complicated

* To support cross-experiment
comparisons, metadata must
be standardized

* From Genomic Standards
Consortium (GSC) :

o Minimum Information about
any (x) Sequence (MIxS)

= MIGS for genomes

MIMS for metagenomes

MIMARKS for marker genes
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Specification
projects

Checklists

Shared
descriptors

Checklist-
specific
descriptors

Applicable
environmental
packages
(measurements
and
observations)

New
MIGS MIMS MIMARKS checklists
Q,\) r QM| OQQ metagenomes survey specimen €.g.. pan-genomes

collection date, environmental package, environment (biome),
environment (feature), environment (material),
geographic location (country and/or sea, region),
geographic location (latitude and longitude), investigation type,
project name, sequencing method, submitted to INSDC

assembly, estimated size,
finishing strategy,
isolation and growth condition,
number of replicons, ploidy,
propagation,
reference for biomaterial

target gene

Air
Host-associated
Human-associated
Human-oral
Human-gut
Human-skin
Human-vaginal

Microbial mat/biofilm
Miscellaneous natural or artificial environment
Plant-associated
Sediment
Soil
Wastewater/sludge
Water

Yilmaz et al, Nat Biotechnol. 2011




Standardized Metadata Are Complicated

* Environmental packages add more detail—and yet more complexity
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Structured
comment name

dep™
Ll

host_common_same
host_ixed

host_subject_d

host_age
host_We_stage

host_sex

host_dsoase sis!

cham_ad=namaton

host_body habial
host_body sie

host_bedy_product
host_tot_mass

host_heg™

host_leng™

> AEADMI

n
Hom
attude
deph
eowton

host COMMONn Aame
hos! e

host subject d

host age
host We stage

host sox

host Ssoase slata

chemal admwastrnion

host body hablal
host body ste

host bedy product
host 308l mass

host height

host F'byf‘

MixS-host assoclated

C

Definition
the attude of the sampke & the vencal deance between Eanth's surface
above sen Bvel and Be samrpied postion n the ar

depth & defned as the vencal dsance below loos surlece, ¢ g for
sediment of 3ol sarpies Septh B mMeasummd fom sedre! or ol su“ace
respoctivy. Depth can be reponed as an niena for subsuface samples
the elevation of the samping sie as measured by ™he vertical dstance
from mean ses o

commen name of he host, & 9 human

NCBI taxon i of the host, 0 g 900

2 unique Gentfer by which oach subject can be femed to, dedentfed
eg M

800 of host al the e of samping. misvant scale depends on Kpeces
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description of We stage of host

physical sax of the host
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onlology 0%, other hoats am Moo ext

Wt of chemsoal COMPOUNnds stmwnatered 10 the host or Me whew smping
O00umed, g whan (0.0, antiiotcs, N ferthzer, ar fMar) can nolde
mulpe compounds For Chemcal Entties of Doiogoal Inlesst ontology
(CHEDI) (v 111) hip Vpurt bioontology oplentology O Bl

ongnal body habital whew the sample sas cbltaned Yom

name of body sie whew the sampke sas obtaned Yom

wOMaANce produced by the body. 0. 0. MO, mutus, whem e sample
wat oblaned from

W0la! mass of the Most ol coledton, he unt degends on howt

the heg™ of subjpct

the eng™ of subpct
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Expected value

measyreren! vabe

measurement value

measyreren! value

COMYNON Nare
NCB| taxon dentfier

unique demfer

valoe
sage

enureaion

duease name o DO

CHLI trresiamy

L
VA

WA
measMTent veue

measyerent valbe

measuren value

Section

ost amocmied

host amoc@ied
host assocmied

PO AasoOae?
host assoomied

POt asscoaied

host amsocaied
POt asscoaied

moet awmoomied

rost amocaied

ROW amoCwm el

host amoceied
ROW Aol

hoet amccaied
POW @ el

host amoceied

host amocmied
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Excel Wins (Nearly) Every Time

* Metadata are perfect for a database

o Enforce relational integrity, minimize redundancy through normalization, track modifications, etc

° But most biologists won’t set up and maintain one

UC San Diego

SCHOOL &« MEDICINE



Excel Wins (Nearly) Every Time

* Metadata are perfect for a database
o Enforce relational integrity, minimize redundancy through normalization, track modifications, etc

° But most biologists won’t set up and maintain one
* (At least one) lovely metadata software suite exists .
o Based on Investigation/Study/Assay model ' 't ‘
o Offers GUI for custom field configuration, data entry I S a O O S
° Qutputs ISA-TAB, submits to European Nucleotide Archive L
o But most biologists won’t install and register it, let alone use it Lisiiatoo ot
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http://isa-tools.org/

Excel Wins (Nearly) Every Time

* Metadata are perfect for a database
o Enforce relational integrity, minimize redundancy through normalization, track modifications, etc

° But most biologists won’t set up and maintain one
* (At least one) lovely metadata software suite exists .
o Based on Investigation/Study/Assay model ' 't ‘
o Offers GUI for custom field configuration, data entry I S a O O S
° Qutputs ISA-TAB, submits to European Nucleotide Archive L
o But most biologists won’t install and register it, let alone use it Lisiiatoo ot

* What most biologists WILL and DO use is Excel

* For them, data analysts and computationalists have to decide:

Do we want exquisite tools or do we want quality metadata?
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http://isa-tools.org/

QIIMP Meets Users Where They Are

* The Quick and Intuitive Interactive Metadata Portal (QlIMP)

= Pronounced ‘chimp’—part of the QIIME & Qiita family
o Asks minimal questions to determine appropriate standards package

° |Invites easy but structured custom field definition

o Creates a macro-free, cross-platform Excel file that validates entered metadata
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One-Page Web Interface (QlIMP

QIIMP

Nead halp? Visit the tutoriall (Opens in new tab)

= Study Description

Study Name:

mry study
Default Study City/Locale: None

San Dwego standard
San Dwgo phi-<compliam

= Package Fields

Use Wizard » Host/Environment: Sample Type:
Human Skin
Select Manually Mouse Colon Mucosa

Hat Colon Coment
Other Vertebrate Host Stool
Non-Vertebrate Arvmal Host Sputum

Pant Hoat Urine

Fungus Host Blood

Other Non-Animad Host m
Built Enveonmem Tongue

Other Freo-Lving Ermvironment Saliva

Select Package

+ Custom Flelds
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One-Page Web Interface (QlIMP

= Package Fields

Use Wizard . HostVEnwironment: Sample Type:
Human Skin

Select Manually Mouse Colon Mucosa
R Colon Corment
Other Vortobrato Host Stool
Non-Yertebrato Animal Host Sputum
Mant Host Unine
Fungus Host Blood
Other Non-Arvmal Host Serum
Buit £ nvronment Fongue
Other Free-Living Ernvvirorment Salva

Select Package

The following fieids will be added 0 your metadata template

sampie_name The value must be a string and must be unique and the value Mmust contan only alphanumeric Characters and/or
porods

CoOlCiOnN Cevice The value must be & string

colecton_method The value must be a string

collecton_tmestamp The day and time of samping as a single point in tme expressed in 24-hour time format, e.g. 2016-11-22. The value
must be a stning and must equal "missing: not collected” or must equal "missing: not provwded” or must equa
‘missing: restricted acoess” or the value must be a datetme and the value must be a valid tmestamp in one of
these formats: YYYY or YYYY-MM or YYYY-MM-DO or YYYY-MM-DD hh or YYYY-MM-DD htomm or YYYY-MM-DD
hh:mmess.
L <
gdescrnption A description of the sampie that can include site, subject, and sampie material. The value must be a string
ora_exiracted Whathar the DNA Deen axtracted from the sample, The value must be a string and must equal "missing: not
collacted” or must equal "missing: not provided” or the value must be a string and must equal *TRUE" or must
oqual "FALSE"

elervabon Height of land above 38 level in meters a1 the sampliing site. The value must be a string and must equal "missing
not collected” or must equal "Mssing: NOt proviced” O Mus! agull "MBSING. resInNcied sccess” o the value must
be & rumber and >=-413.0. The cefaut value is missing: not provided

s s sl s i Thes unb s muset Fas 8 afring aned musd scs ol “rsdace® Ths ddef 8 unbos e e
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One-Page Web Interface (QlIMP

Add Fled
andi'or

Choose File

Field Name Field Type Fiedd Detalls
phenctype Boclean (True'F alse) Description Presontation of subject's A"Owcd M'SS‘ng vn'ues
Gisease state mw& B.C, elc) dseoase condbon
Comrous (INuMmDers. dates. ooC ) (Opll()lull)
Free Toxt ol apphcabie

¢ masng not ocolecied

Protected Health ¢

¢ Masng not provided
Info

nasng reairclted accons

C'“oo"(.' MY MPDLOMai«

Values wid
ne Per savers
Lre

Default Value
No Detault

* Allowed Missing Default

imissing: not collected

mssng: Not provided

Categorical Detault

Remove Felkd

Submit

UC San Diego
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Customized Excel Template (QIIMP

© =} DEHwov-J + @ my-study 2573 — Saved to my Q ©-
Home Insert Page Layout Formulas Data Review View Developer |#* Share v

L] 4 ¥ G M | J L L M N 0
1 sample name collection timestamp description  disease state phi  dna_extracted  elevation elevation units  empo_1 empo2 empo 3 env_biome env _feature
2 samplel 2017-11-06 subject | serum missing not collected TRUE missing not provided meters Host-assoclated Animsal animal secretion urban blome  human-associated hat
3 sample? 2017-12 subject 2 serum missing not collected FALSE missing not provided meters Host-assoclated Animal animal secretion urban blome  human-associated hak
4 lst:p’t! 2018 subject 3 serum missing not co.;enccl o Ssing not provided meters Host-assoclated Animal animal secretion urbanblome  human-associated hal
: Enter dna_extracted
Whether the DNA Deen
7 xtUracted from the sample. The
. value must be 2 fring and must
3 egud "mEEng: Not collectad” or
10 "W eQual ™MssNg 4
rnoviced” Oor e value muR De 2
1 g and mut egua UL or
12 U Qud “TALSE
13
14
4 > & Metadata & Vakdat § Data Dictionary 8 Instructions +

] = c— — 4+ 100%
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Customized Excel Template (QIIMP

cee e DEwov-d ~
Home Insert Page Layout Formulas Data Review View
H4 : f‘\‘ v
l 8 E F G M ! J K L M N 0
1 sample name collection timestamp description  disease state phi  dna_extracted elevation clevation_units empo_1 empo2 empo3 env_biome  env_feature
2 samplel 2017-11-06 subject 1 serum missing: not collected TRUE missing not provided meters Host-associsted Animal animal secretion uwrban biome buman-associsted had
3 sample2 2017-12 subject 2 serum missing not collected FALSE missing not provided meters Host-assocismed Animal animal secretion urban biome  Buman-associsted had
4 I(amplﬂ 2018 subject 3 serum missing not collected LY ssing not provided meters Host-associmed Animal animal secretion uwrban biome  Duman-associated had

missing: not collected

5

3 _
= missing: not provided

8

9

pe. The
TRUE ne must
FALSE Kind" o
10 R s T
provided” or the value must De »
1 Sring and must oQual “TRUE" o
12 must equal “FALSE
13
14
4 ) & Metadata & Vahdation & Oata Dictionary 8 Instruction +

Ready (B Y - — +
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Customized Excel Template (QIIMP

o " DEwv-J -~ @ my-study_2573 — Saved to my Mac
Home Insert Page Layout Formulas Data Review View Developer
a "
Al - Jx sample_name v
A b C 0 £ F G " | ) K L M N
1 |sample name ‘toluﬂon method env package host subject id latitude loagitude physical specimen location tithe
2 sampiel Ex Elx Elx Elx Elx Elx
3 sampield Elx Ex Elx Elx Elx Ex
4
5
6
!
L}
9 -
10
11
12
13
14
4 » & Metadata & Validation & Data Dictionary & nstructions +
] @ - c— + 100%

Ready e
B
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Conclusions & Acknowledgments

* Improving metadata management is as important as improving laboratory protocols

* Several excellent tools exist for capturing standardized, high-quality metadata

° But a significant segment of researchers simply won’t USE them g gﬁi'.:iﬁgg
* “The Customer Is Always Right!” 7
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Conclusions & Acknowledgments

* Improving metadata management is as important as improving laboratory protocols

* Several excellent tools exist for capturing standardized, high-quality metadata

CENTER®FOR

° But a significant segment of researchers simply won’t USE them bmlcro
. iome
* “The Customer Is Always Right!” INNOVATION

> Well, no—the customer is often wrong, but it is no good telling them so

o Just have to find a way to make them happy!

* QIIMP provides simple but rigorous Excel-based metadata collection

+ QIIMP launches July 23! UCSan Diego

o July 24 St. Petersburg time :) SCHOOL or MEDICINE
o Part of the Qiita open-source microbial study management platform

o hitps://giita ucsd.edu/aiimp
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https://qiita.ucsd.edu/qiimp

