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The ‘Big Data’

Modified from Nature Big Data issue Vol 455(7209)



The ‘Big Data’

nature
Community cleverness required
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_ e How do your data grow?

*._ Maintaining data takes big organization, says Clifford Lynch.
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The future of biocuration

To thrive, the field that links biologists and their data urgently needs structure, recognition and support.

Modified from Nature Big Data issue Vol 455(7209)



Mass Sequencing

Modified from ‘Stripped Science’ by Viktor Poor
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Contextual data







Contextual data
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A Problem...

‘Abandoned’ sequences in INSDC databases

FEATURES anaﬁinnﬁﬂuaiifiers
source l1..1038

/fmol type="genomic DNA"
fdb xref="taxon:771331"
felone="Ep T1.185"
fenvironmental sample

ene l..1038
\/gene="16S5S_rRNA" |
rRNA 1..1038

fgene="1685 rRMNA"
/fproduct="165 ribosomal RMNA"

8% with coordinates (latitude/longitude)
9% with collection date

41% with taxonomic assignment
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The Solution
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Biologists Databases

Computer scientists

Collaboration




The Solution

Define Scope
Minimum information to be reported
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Define syntax Define semantics
Formats for communication Terminology for description



genomic
STANDARDS consortium

Promote mechanisms that standardize

Description of genomes and metagenomes

Minimum Information about a Genome/Metagenome Sequence (MIGS/MIMS)
(Field et al. Nature Biotech 2007)

Exchange and integration of genomic data

Genomic Contextual Data Markup Language (GCDML)
(Kottmann et al. OMICS 2008)

AND NOW!
Description of marker genes

Minimum Information about a MARKer gene Sequence (MIMARKS) 13



MIMARKS
What is it good for?
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MIGS/MIMS Checklists

Report type
Investigation EU BA PL VI OR ME
* Submit to trace archives and INSDC M M M M M M
» |nvestigation type (i.e., report type) M M M M M M
* Project name? M M M M M M

» Study
* Environment
« Geographic location (latitude and longitudefoet (point, Iransect and region) depth and altitudeof M M M M M M

5amp|e}i-nlngerh
» Time of sample collection!“cT! M M M M M M
* HabitatEn® M M M M M M
MIMS extension: select to report a set of uniform measurements for a given habitat: M

* Water body: (temperature, pH, salinity, pressure, chlorophyll, conductivity, light intensity,
dissolved organic carbon (DOC), current, atmospheric data, density, alkalinity, dissolved
oxygen, particulate organic carbon (POC), phosphate, nitrate, sulfates, sulfides, primary
production)!integer. unit]

* Mucleic acid sequence source

* Subspecific genetic lineage (below lowest rank of NCE| taxonomy, which is subspecies)
(e.g., serovar, biotype, ecotype)CABRI

=
=
=

=

=
|

* Ploidy (e.g., allopolyploid, polyploid)PATO! M

» Number of replicons (EU, BA: chromosomes (haploid count); VI: segments)tintegen M M - M - -
« Extrachromosomal elementsiintegsn X M

« Estimated size (before sequencing; to apply to all draft genomes)!integer: base pairs) M X X X X -
» Reference for biomaterial (primary publication if isolated before genome publication; X M X X X X

otherwise, primary genome report)(PMID or DO

=
=
=
=
=
=

* Source material identifiers: (cultures of microorganisms: identifiers'#/Phanumeniss for two

[ T TN 1 [ 4 | . |~ | [ S [ | (U T . N TR T I || T 1 S |



MIGS/MIMS+MIMARKS Checklists

MIGS/MIMS

\l Publication mining
N

INSDC resources

MIGS/MIMS/MIMARKS I |
\_ )
16




Community surveys

Four surveys:
— JGI survey (focus on general description of marker genes)

— RDP habitat survey (focus on habitat terms)

— SILVA survey (focus on general description of marker genes)

— Terragenome survey (focus on SOIl descriptors)

Detailed information under: http://gensc.org/gc_wiki/index.php/MIMARKS _history#Metadata_surveys

17



What did we learn?

Ground cover / vegetation __
Agricultural use TR _
sample treatment and preservation NN Fossil 26
Association type NSO Air a1
Host species  INNETNN Hydrothermal vent 41
Anatomical site | INEEENN Food 54
Dissolved organic carbon | Hot spring 54
pH I
Moisture S Sludge 80
satinity ISR Extreme envirenment 84
sampling location description NS Microbial mat 87
Latitude and Longitude |GG Plant-associated 89
j— . |
PR cycle number | Terrestrial 93
Cloning vector I
B, Wastewater 94
Temperature ‘_
DNA / RNA extraction method S — Biofilm 110
sample size I — Organism-associated 117
URL for additional informations sediment 130
== . .
Annealing temperature | Animal-associated 132
Reverse primer sequence I
3 Freshwater 143
Forward primer sequence |
Reverse primer name I G Marine 173
Contact details ._ Soil 233
% " T T T T T 1
Forward primer name [ | Neevent =n—— |
Contact emal address I oS e o e — 0 50 100 150 200 20
1 “ Unknown
sample type [k S ] Number of responses
0 50 100 150
Number of responses
. ° . oo
Geodetic datum | — Slide modified from J.Cole
silicate I °
! - °
e ————
Sample volume — °
Sample material __' Ld
Project name — % °
Collection time I e — s °
1 'g ° ° o ® L] o
Chiorophyll I . . °
e = el ° °
! g > b ° ° °
Phosphate | 1, = ° ° ° °
Nitrate | L —— g °
Atitude I e — &£ °
! = °
Dissolved oxygen I T —— o ® Chemical ‘.. . . °
pH — ° Physical
Salinity | e . .
i Biological °
Lat Lon cietails | S . . . °
{ o, * Soil/Geological
Temperature _- W Relevant . [ oG hical ° .
Metagenomic Bl gy | | MeOgrap 'Cat . .
. [ | ¢ Managemen
Depth - B Non-relevant R 8 ¢
sample identifier WO L Z L4 Cllmat.e b o,
R e —————— w ® Sampling o °
Peaw
o 50 100 150 200 Not Very
Importance

Number of responses



What did we learn?

Interest in rich contextual data
Fields to be included in MIMARKS
Habitats to be considered in MIMARKS

19



Publication mining

sequence submissions

— 39 publications

— minimum 89, maximum 149,159 sequences

Selection of publications from SILVA with the highest number of

— diverse habitats; air, hydrothermal fields, microbial mats

— 200 parameters selected

Title

DOI

Study Type ]

Mumber of
sequences

Parameters

Pyrosequencing enumerates and contrasts soil
rmicroblal diversity

dol: 10.1038/Ismej.2007.53

soll

145159

depth below surface
elevation
pH
soll type

Evolution of Mammals and Thelr Gut Microbes

dol: 10.1126/sclence. 1155725

organism-assoclated{gut)

26180

age
host species
diet
country

Assessment of blas assoclated with Incomplete
extraction of microblal DNA from soil

goli10.1128/AEM.00120-05

soll

21471

depth below surface
pH
total organic carbon []
particle dassification
(sllc,clay %)

More information under: http://gensc.org/gc_wiki/index.php/MIMARKS _history#Metadata_from_publications
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Publication mining

e Selection of publications from SILVA with the highest number of

sequence submissions
— 39 publications

— minimum 89, maximum 149,159 sequences

— diverse habitats; air, hydrothermal fields, microbial mats

— 200 parameters selected

Parameters

depth below surface
elevation
pH
soll type

age
host species
diet
country

depth below surface
pH
total organic carbon []
particle classification
(silt,clay %)

ot

e




INSDC resources

o Source information parsed from INSDC for each SILVA release

TITLE
JOURNAL

Direct Zubmiszion
Submitted (19-JUMN-Z00%9) Marine 3ciences, University of Georgia,

Athens, oA S0602, TISH

FEATTRES

— SOUrCE

qualifiers<

rRINL

Location/Cualifiers

1..690

forganiswm="marine bacteriwnm IIMO-4497"
fmol type="genomic DMNA™
fetrain="3IMO-4497"
fisnlatiDn_snurce="cDastal seawvater™
fdb xref="taxon:661095"

Soountry="TUSh;

<1l..=850

Japelo Island, GAL"™

Sproduct="163 ribosomal FRITA™

ORIGTIH

6l
121
131
241
301
Jnl
4z1
4351
541
601

taacatttot
atgoottogad
accasagoog
adotaaaoo
goaactogaga
goooaagoot
ttoagtoagy
e ut-Talulu uw
gaattactodg
cttaacotgy
ttoaggtgta

agottgotag
grygyyoaca
gottogooto
toaccasoo
cacggtocag
gatgoagoca
agoasaaggtt
taactocogto
gogtasagodg
gaactgoatt
googtgasat

aagatgacga
accattoggas
togootttag
gacgatcoot
actootacgg
togoogoogtot
agtagttaat
CoAagragoo
tacgoaggog
togasctggo
oogtagaga

oo yyacy
acgatggota
attoggoocas
afgotoorttto
HaggCagoagy
oIt gaagasao
acotogotago
cogtaataco
gLttt asg
aqactagagt
ctoaaggasat

gogtgagtasat
atacocgoata
grogyattag
agadgoatogat
tggogogaatat
cottoggott
cgtgacgtta
gagyytgcga
Cgagatgtoga
gtgatagaodg
coCogat oo

gottgggaac
atgtotacodg
ctagttggty
CAagqUCacact
tgoacaatgy
gtaaagoact
otgacagaad
googttaatog
e el utututu u u |
gtogtagaat
agoooagcca

22

More information under: http://gensc.org/gc_wiki/index.php/MIMARKS _history#INSDC_source_feature_key_qualifier_statist



INSDC resources

Less than 10% of rRNA sequences with:

- latitude/longitude
OR
- collection date
OR
- PCR primer information

23



MIMARKS checklist v2.1
“Investigation”

“M’=mandatory “X"=recommended “C’=conditional mandatory *“-"=not applicable

Survey Specimen

submit to insdc M M
Investigation type M M
project name M M

experimental factor C X

24



MIMARKS checklist v2.1
“Environment”

-"=not applicable

Survey Specimen

collection date M M
geographic location (latitude and longitude) M M
geographic location (depth) E E
geographic location (altitude/elevation) E E
geographic location (country) ‘ M M
environment (biome) M M
environment (feature) M M
environment (material) M M

environmental package C X




MIMARKS checklist v2.1
“Environment”

“M’=mandatory “X"=recommended “C"=conditional mandatory “E”=environment-dependent “-"=not applicable

Survey Specimen

[air,host-associated,human-
associated,human-skin,human-oral,human-
gut,human-vaginal,microbial
environmental package mat/biofilm,miscellaneous natural or C X
artificial environment,plant-
associated,sediment,soil,wastewater/sludge
,water]




MIMARKS checklist v2.1
“Nucleic Acid Sequence Source”

“M’=mandatory “X"=recommended “C’=conditional mandatory *“-"=not applicable
Survey Specimen
subspecific genetic lineage - C
extrachromosomal elements - X
source material identifiers - C
observed biotic relationship - C
trophic level - C
relationship to oxygen X C
isolation and growth condition - M
sample collection device or method C X
sample material processing C

amount or size of sample collected C X

-

N




MIMARKS checklist v2.1
“*Sequencing’

“M”=mandatory “X'=recommended “C’"=conditional mandatory “-"=not applicable
Survey Specimen
nucleic acid extraction C C
nucleic acid amplification C C
library size C -
library reads sequenced C -
library vector C -
library screening strategy C -
target gene M M
target subfragment C C

pcr primers C C
28




MIMARKS checklist v2.1
“*Sequencing’

“M’=mandatory “X"=recommended “C’=conditional mandatory *“-"=not applicable
Survey Specimen
multiplex identifiers C -
adapters C -

pcr conditions

sequencing method M M
sequence quality check C C
chimera check C C

assembly C -

relevant standard operating procedures C C

relevant electronic resources C C

29




Closing the cycle
Submissions

‘—-
s ~
N\
V4 \

/ \
[ MIMARKS }
\

Y

\ /
\x__ol

Sequence

Sequin / \ Webin
o D

## structured comment ## ## structured comment ##

SRA

FT sequence entry

< sample object >

< experiment object >
30



Closing the cycle
“*Submissions”

tag
submit_to_insdc
investigation_type
project_name
collection_date
lat_lon
depth
altitude_elev
country
environment
env_package
tot _depth_water_col
samp_collect_device
samp_mat_process
samp_size
nucl_acid_ext
nucl_acid_amp
lib_size
lib_reads seqd
lib_vector
lib_screen
target gene

value
yes
MIMARKS _survey
dsrA-based fingerprinting study
2006-04-15
21.89845 -93.436748
5.0-7.5cm
0
Mexico
marine sediment
water
2900 m
ROV (Remotely Operated Vehicle) push core
Sectioned in 2.5 cm intervals; stored at -20 degC
565.2 cm3
PMID: 8593035
PCR
222
96
TOPO TA;pGEM-T-Easy
screened
dsrA

31



Options  Misc

| e http:fﬁgenscitl

silva Welcome to Fal

I @ Kaiser Chiefs

n type | unculture 1

e aquatic g

3745

10m

e 25 deg C

marine

2 uM

200 ppt
uin

3 > descriptors >

Ip a two column
:ab-delimited tabl

Closing the cycle
“*Submissions”

o 4

Cenes and Named Regions
Coding Regions and Transcripts
Structural RNAs

Bibliographic and Comments
Sites and Bonds

Remaining Features

Batch Feature Apply
Batch Feature Edit

Publications
Descriptars

Cenerate Definition Line
Advanced Table Readers
Sort Unigue Count By Group

v yv YyYVYyYwvYyYyYyy

v

ERSTON

KEYHORDS

SOURCE uncu l tured bacterium
ORGAMISHM  uncul tured bacterium

Bacteria; environmental samples.

REFEREMCE 1 {bases 1 to 833}
AUTHORS i lmaz,P.
TITLE a =study
JOURNAL - Unpubl ished

REFEREMCE 2 f{bases 1 %o 883}

AUTHORS i lmaz,F.

TITLE Direct Submission

JOURMAL  Submitted (27-MOV-2889) Max Flanck
FEATURES Location/Oualifiers

SOUrCE 1..883

forganism="uncul tured bacterium"
fmol_type="genomic DMA"

imic Standards Consortium

iment
L

aser... Sun Secure Global D...

BRC NEWS | Mews Fr...

e MIENS - Geno...

™ RapidShare:

L. ||'% |

L

[ Done )
ormal |

Load Structured Comments from Table

asn

alue - or you ¢

32



Closing the cycle
“*Submissions”

a0 Uncultured
Target Sequence | Uncultured | Done |

Format | GenBank  |tode | Sequin |stute | Mormal |

Comment: tog walus submit_to_insdc gyes inwestigation_type MIENS surwey projecs

Lacus Urcu | tured 283 bp DHA L in=ar EMY Z7-MOV-Z869
DEFIHITION marine microorganism clone 4824AA_B2 155 ribosomal RHA gene,
partial sequence.

ACCESS | OH

YERS | OH

KEYHORDS .
i SOURCE uricu L tured bacter ium
i ORGAMISHM  uncul tured bacterium

Bacteria; environmental samples.

REFEREMCE 1 +fbases 1 to 983}

AUTHORS Yilmaz,F.

TITLE a =tudy

JOLURMNAL Unpublished
| REFEREMNCE 2 f{bases 1 to 5830
AUTHORS Yilmaz,P.
TITLE Direct Submission

OMHEMT ## Metadota-STARTH## submit_to_insdc yes investigatioh_type
MIEMS =surwey project_rname dsrA-based fingerprinting study
collection_date 28686-64-15 lat_lon 21.89845 -93.436748 depth
S5.8-7.5 cm altitude_elev B8 counbtry Mexico enwironment marine
sediment  env_packoge water tot_depth_water_col 2986 m
samp—col lect_device ROV {Remotely Operated VYehicle) push core
samp_mat_process Sectioned in 2.5 cm intervals; stored at -Z28 degC
samp_=ize S65.2 cm3 rucl_ocid_ext PMID: 8593835 nucloacid_amp PCR
libsize 222 libreads_seqd 96 lib_wector TOFO TA;pGEN-T-Easy
lib_sctesn screened target_gens dsrA
por—pr i mersFHD Dacscac tggoageacg, acccoy tggaaacacg, ggocac tggaagoacg,
acccattggaaacaty, actoeactggoageacg; REY tgtgtagoagt taccgea,
gtgtaacagtttocaca, gtgtaacagttaccgea, gtgtageag tthecgoa,
gtgtagoagttaccaca, gtgtaaeagttaccaca, tyttocatocaccar-toe por_cond
initial
denaturation 940l _3min; denaturation i94degC_4B8=sec; anneal ing :54degC_4
Bzec) elongation:?2degC Zmin; final elongationiV2degC 2 min; 38
sequencingmeth dideoxy seqg_quality_check none.

== ] I t i*i 1 i— I I I I I

sSouFoe 1..882
forgahism="uncultured bacterium"
fmol_tgpe="genomic oMA"

BASE COUMT 287 a 223 o 281 g 178 t 2 others

ORIGIH

1 cattgottga ggocggaogo ggagaatgga atteccagtg tagaggtgaom attogtagot

hgumubM2?mag P - Sp— I I I I I
c

—

——— T
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Closing the cycle
*Submissions”

> 83 http://www.ebi.ac.uk/embl/Submission/

4 What kind of sequence(s) are you submitting? A

(S J

Select Sequence type Description Example
[] MIMARKS- For the submission of

compliant 16S rRNA | 16S rRNA sequences
compliant with
MIMARKS standard

34



Closing the cycle
“*Submissions”

PR

http://www.ebi.ac.uk/embl/Submission/

Organism

Info Common

Project name

Experimental factor

Latlon

Collection date

© e e e e
00~

35



Closing the cycle
*Submissions”

> 83 http://www.ebi.ac.uk/embl/Submission/

/ Import your data \

In order to enter your data using a spreadsheet, please
download the template spreadsheet that we have
prepared base on the information that you have provided
so far and open in your spreadsheet application (eg.
Microsoft Excel, Open Office).

K Import values in spreadsheet format /




Favorite Links

http://gensc.org/gc_wiki/index.php/MIMARKS

http://ww.megx.net/metabar/ For GenBank and ENA submissions

nttp://www

http://isatab.sourceforge.net/ RA submissions

https://pyro.cme.msu.edu/sral/login.spr For SRA submissions
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