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2012 2IREYHEMEENEMETE (Global Biodiversity
Informatics Conference, GBIC) &ty

1. E=RHA
201247 H 1-4 H

2. ErEihRh
PHERFARISIR

3. ERiEHt
http://www.gb1c2012.0rg/index.html

4. FREWN

HeEEl 2k 4E Y2 EEEN%ME (Global Biodiversity Informatics
Facility, GBIF) ~ 4% 25 £ M4 0 72 & S 0 5 Jit B2 U5 ) ) P25 1 5 4H 4%
(Coordination of Research e-Infrastructures Activities Toward an
International Environment for Biodiversity, CReATIVE-B) ~ f@sxH AN #H
Y7eE (Natural History Museum, London) ~ A K EF} (Encyclopedia of Life,
EOL) ~ Z=enfictiEl#EE (Consortium for the Barcode of Life, CBOL) ZFaH#%kit
[E12R o HIVTERERET el DLAE S ~ BRI SRR St R A R HY i S e g 30
IRtk i R IRV LR R BT R R A A A Y &R E A G - Sk TR
e 100 ZAKE SBEEY) - A58 - BISEHRE - BTBERE S HBHTRE
Ko T = REERS R » SR EAIEIE (Aichi Targets) ERHVAE
V2o e S L TE RS SRR 7 AT T REfRE R 2 18 - Sy 4HET s B AE HR A R 22
RIS AL ~ e - BRSO NG - KRR "RIREY SRR
SHEFEY (Global Biodiversity Informatics Outlook, GBIO)” A1+
ZERPHIE RIS R R EIR NS EEE AR ASE 85 DR RES
1B RIS e E AR T -

5. WrEfEr=RiE
2012 #£7H1H

19:00-21:00  WeEIEE EFASIE REEHEYIEE (Zoological Museum)

1


http://www.gbic2012.org/index.html
https://maps.google.dk/maps?q=Zoologisk+Museum,+Universitetsparken,+K%0A%C3%B8benhavn&hl=da&ie=UTF8&sll=55.655825,12.644663&sspn=0.008595,0.015879&t=h&z=14&iwloc=A

F—H :

8:45-9:00

9:00-10:20

10:20-10:50

10:50-11:30

11:30-12:30

12:30-1:30

1:30-3:00

2012 £7H 2H

FEECSAWr e P

TR
e Lucas Joppa: "Science-driven data"
e DaanduToit: "The policy - research infrastructure
interface: implications for biodiversity

informatics"

Coffee break

TR
e Robert Robbins: "Half of Our Biosphere is (No
Longer) Missing: Implications for Understanding
Biodiversity, Bioinformatics, and Life Itself"

GBIC EEIFRERADEL /44

ALPX TG EE LRI EREEE LR TR
e Cyndy Parr e Elizabeth e Dawn
e Alberto Arnaud Field
Apostolico e Rod Page e Bryan
e Jeff Price e Selwyn Heidorn
e Jerry Willoughby e Dora
Harrison e Gregoire Canhos
Dubois e Juan
Bello
FE

S0 IR

AV BRI — BRI E R E BN 3 R T A
ZREVERIREAE ~ ARISZER A R MR AR LI F RS ©

2



Biodiversity Science - How can informatics and data
management support better understanding of
biodiversity and support basic and applied

biodiversity research?
3:00-3:30 RE
3:30-5:30 B—H Frodstm (EE)
7:00-10:00 it e
£TH: 2012 £7H3H
8:30-9:00 F—HYE T st emk R B el
BTH TR
FHBEE (2RECRELEE )
EHil B ER B R R E e B IR &R K
B BRITE) ?
Aichi Targets (as summary of global policy priorities)
- How could informatics and data management support the
information needs and global response to these
9:00-10:00 targets?
10:00-10:30  Coffee break
10:30-12:30 SEH WToo4HsTsm (4E4E)
12:30-1:30 Lunch

1:30-3:00 FH TR ()

3:00-3:30 Coffee break



3:30-5:30

FH HTodHEE ()

FT=H: 2012 F£7H4H

8:30-9:00

9:00-10:00

10:00-10:30

10:30-12:30

12:30-1:30

1:30-3:00

3:00-3:30

3:30-5:30

F BT R R 2 RS T

F=H ot
LR EY — W H AV PAT 0 4HETEm BRI B SN TR K A%
g ZEBFEN LN SV SRR
o  EHEFRK
o UEEREFTK
Establishing the Vision - From the discussions of
informatics needs and opportunities in Day 1 and Day

2, what are the recommendations from each team for:
e Content needs

e Informatics needs

e Cultural change needs

RE

F=H Firosm (E5)

q:

o4

F=H T HETmmECR 2 B A Tt

RE

GBIC ERAmAEL N — 8% 2 55

Summary of GBIC outcomes and discussion of next steps



6 EREZENEM

6.1 FREHEE

6.1.1 FIEMHFRERNERIZEE (Science - driven data)
BEERETIRZER  WRERNER (data deluge) TS ERE RATRIET
5T (data-driven science) ; ZAIMN » LIRS A HAEMRE BRI EIERAY AP 2 1%
AT ERIBRHVEERE ? FE R MBEE ARG RO B R - (EEIE
RNAIRERHZF (data drought) » PRI RFAMGR = BB [EIIG22 RS HYE G
HFIE B E IR O Z S i - R R BRI MR E LN EREER
H g Ry R RE S R SR - Zf R R MU ER R E IV E R -
T LA E Y284 (Convention of Biological Diversity) 2020 3%
R HEE (BRBMRE Aichi Targets) ° sEFE R A MEHE RIS
1) YfEzEi 2 RRE B fE ] (threat mapping application) » 2) fREEM
(conservation priorities) » 3) EWFHEER (trait-based data) > 4) £
R AR R HRINEEAERE (iNaturalist data and services) © £y T UK
£ = FIHESRER AR ARNAEYSREERES -

6.1.2 BUR—HFEABEANE v - WAYIZ R EHNENES (The policy -
research infrastructure interface: implications for biodiversity
informatics)

EEIFIE YR B - AR - AV E R E 2 HE R T - (5

etk = —(EFEE HIRIEAS R W Eh T 1A% - IR IS oI IR RaRE - DU A4

BRAED) AR M R EOH R A G ORI DB - SR BRI YRR B - DA R

BIETE o B BRI TR AR St TR S - DUR L APV R

1% o BN — B IR EFAYM TR AR AR - sl iR - Bl se s

fir ~ BURF ~ ERERFIEREStR - - NS BT ER N T3 2 Eaa sk - I

22 GEOSS ~ GEO-BON HYAAE Ry  fxt% - sEsREER AR ~ HEER > F5 ] RERYE

AERHNEER - DI 2RV SRR ATEH -

6.1.3 FMHEEVIE (RF) ART - BEEEY SN - V&SN
KEWVEZ (Half of Our Biosphere is (No Longer) Missing:
Implications for Understanding Biodiversity, Bioinformatics, and
Life Itself)

IRV VIR - AR A ERATRL L T AR B LAY LR - AR

FF R IR S - FEIRFIE R - B A an s SR MR R A 2= - 52
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B o FEHSOTERE PRl s AV A RAHE: (genomics) FITTEREHER
(metagenomics) P T H{FIRMFTE NI SR MERVRA < B2 > FRAFTEAVAE
VIZokett - RIS TN EZ M GEERMEYIELm Y E2aIEY)
H) o BAEFEHTARGEENT - NMETEEMEYIRTECaVRGR (% - 5
BT AR AR GS A Y B E At AR VIR B VI RA (% » (R » 21 A0 A=) 2o B PRI
G B2 A R T AR ) SRR R i

6.2 reHET LA

ST S IRIBBEERNER - FE D RB4L - & BE=41 0 BT =H A EEENE
TrsaEE N - G TR R SRR B R 2T
http://bit.1ly/LLUhUb

F—HOVE s TR ST B VSR R 2 B R R N R S R R E B A (] 3
BA T ARV 2 BRI ~ ARl SR AR Y26 A R R L P ST A Tl - 56
T HAEERIROEIERIEEE (Aichi Targets) {ERFHIERERAEYIZEMIHA
A VB SRBER B ST A Y2 A s A B R E B o) S $R 2 Rl a1 H T
PRV E A R 2RI TE) - S5 = HWETE MBI seE - I s B R
HIERET > SHETRTIN H AT 405 smBE R AE M R M E s B R R R ER
BN 2RV R MR R IE RS - Al 2Bk b %
BIATK - RH AR TAVESR MR AR 5-10 AN YRS RE

F ~ 51 -

T ERERGER

1) JEZHIIMA A RHIERTBRER Ry BRI B R — B0y > R E R
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4)  FIFHEEEFICER (1inked open data, LOD) FEffiita=¥E4 - tHYIRERE
fkACsE - EAMAEY) S I AL DNA ~ B ~ (A - HEE AR AN
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8.1 Lucas Joppa: "Science-driven data"

— ot TR
Research E
Cambridge

®

Lucas Joppa

Science-Driven Data

Biodiversity Informatics and Planetary Predictions

i e e aa |
o vt b s o g o

1 ot
|

sl GBI shaukd g i get e |

Some Things We Can Predict With Confidence
&®

D)

Driving cars, flying in planes...

Which Usually Works Cut All Right
(D)

Chris Bishop didn't die because...

combined to provide predictive certainty

But We Also Do This Every Day
&®

Deforestation, ocean acidification, CO2 emissions, species extinctions

And That Isn’t A Good Idea
«®

To a large extent, we don’t have any of that for the environment

i Physics i i Ecology/ Enviranment |

Law of Inertia Spacies wih srallrarges we rare
wnthinthers
Sk tor Kaction, thee il be T

Law of Gravity

Etc, Etc. Etc




Still Unable To Answer The Key Questions About The Planet

@

P et e o
How fast are speries going estinct?

[ Wil there be food and water far 10bilion peaple? |

{Will ecosystems rollapse? | 1 ihat will species do inthe future? |

i S
{ How will the arth system change;

So Why Can’t We Answer These Questions?

@

Is It A Data Problem? Yes and No...

(D)

The |
Economist
Cenecaly ot checn blasdarn
| b | | 7B bt e o an gt

The data deluge |

AND HOW 10 HANDLE T 14-PAGE SPECIAL REPOKT

Lots of Data!

Daily MODIS: 5,760,000

g Blodiversity Records

Millans

XTI rrEss

Data Publishers

Is It A Data Prchlem?

The |
Economist

Flying Blind...
@

We lack repeated measurem ents ¢ ohservations / experiments across space and time




Targeted & Incentivized Data Collection

&

Data-driven
science

Science-driven
data

And bythat | mean

Why We Are Here: CBD 2020

(D)

Strategic Goal A: Address the
government ond sodiety
Targeta : by 2020, 3t the ltest,

sutanable praduct
withinzate crologeal s

fying covses of biodiversity lass

alllevels haee h e
have kepithe mpacts of we of natur | resources well

Strategic Goal B: Reduce the direct pressures an biadiversity and promae sustainabie use
Target 5 By 020, the rate of los of all natural habrtats, i uching farests, & at least habied anclwhe e feasible braugft
choca 10200, and degraranion and frag mertation esgndicantly reduced

Strategic Goal € imprave swtus of 3

Target LL: By 020, st laast L7 parcant of tairastiisl and inian wataq 0 L0 par eant of Loatal and Marine 3iess.. aie
cangeed thiough efisctively and squnably managerl acologieall repiesamatie and will conna tedsytams of pas.
Target L2: by 2020 the extinction of s bes

parmicularly of those most in decline, has bean impraveddand sustained,

Strategic Goal 0: Enhancs the benefits to ol fram biodiversity end ecosystem services

Target 15: By 2020, acoystem resilinea biaiteaisty b thiough
<oneervatianand restoration, Including restoauon of 3t keast 18 per et of deg raced ezcsystams, thereby contrbuting 1o
2himatz change ta combating

Strategic Goal £: implementation via planning, knowledge mansgement and mpociy buliding
Target 19: Dy 2020, knaviledge, the science base and technoligies felsting 1o bicdiversiy, s valuss, func ban g, status and
trerels,and the eonsequencas of s boss, are wpicnerl widely shaiad ancltiarsferecl 2nd apphed

Targeted Data I: IUCN Threat Mapping Application

«®

¥

Prants N

Frestovater tish JN =~

Since 1954: Global standsrd, comprehensive, objective spproach for evalusting the

comservation status of plant and animal species

v

Extinct

Threatened

Information required: 1) Spatial range & Population, 2) Threats, 3) Interventions.

Lower Risk

| I =
000: -

1. Reskdentlal=nd commerciz| development

11 Hausing o urbanaiess

s et o
1 Residertial and commercial development.

12 Cammascisland iz vial wresz
2 Agricutture and auaculture, T e L
3 Energy production and mining B A A
4. Transportation and service comidors e e s R
5 Giological resouree use 2. agtkuhureand squacuitire
6  Humanintrusions and disturbance 22 dnnasland pe man lnantimoer oo
7. Natural system modifications.
g Irwasive and other problematic species,
9 Pollution

10 Geological everts
11. Cimate change and severs weather.

i ‘which of these dats already exist? i

-We asked that question

Can we start gathering and sharing spatial
information on threats and intervertions?

AL ksl e
[y

Fa3 ek e e i

We buik an application.

Targeted Data |: Threat Mapping Application

()
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Targeted Data Il: Conservation Priorities

s ™
115550 0.5 o gt o] empemescatr panc Hictm

12705 bl prmryvetaion 0o i el repremnttber s of peces chnes
e 3 e ; oo i
AenaiAlSTE I lits do not represent corpiesinmTeTi T e le

s SS, [CareEn IR a5 Ure of valUe USing b @rmas Bsssermsedingng o 22 saiers
2 oam

i Lpraied samatemie i
Sandy Knapp PLoS Biology 2011 + Da mLmmier 1ylase iz vy,
1 B ymar $75 milion Lnd etavlined

B ~5,000 ciatians | L in et 2 pear For papes in Esabogyt eut

Targeted Data |l: Conservation Priorities

(D)

The Model e oaa Cumulative Speries (20

Species (5)

Si=la+bY] *(T]* (5 -2C]

5; #5pacies deeovered in time peried |

T Tasanamists warkirg leffar]

Yimvaassine 2art ofdata

BC; mCumulsti spacies diansierd

Taxanornists (T Speries Per Taxonomist

5 Total Humber of spacies

34b ¥ ey ciessing) :

Targeted Data ll: Conservation Priorities

@
Lots of species stil to be discovered, in
hotspots and elsewhers

But, we have already identified the
priarity regions

Predicted speties 1

O <05 ©2-25 B 45-55 8 >35
O 05-1 @ 26-3 B 55-85
O 1-15 ©3-35 M 65-75
0 15-2 © 35-45 B 75-85

Predicled Percent
0 <08 [02-25 M 45-55 W B5-95

Targeted Data lll: Trait-Based Data

)

Likelyto be many more speries threatened than thought (undiscover ed species have small
ranges, rare within ranges, and most of them will be found on threatenad |andscapes)

And they will be smaller as well !

Body Size Distribution By Year Cumulative Distribution Over Time

Pt

L HH [l.ﬁ Hﬁ Z

k. Logtt aae ey hans

The power of Soriak-networks and Photo-sharing to
enable the collection of bisgeography data

iNaturalist.org

iNaturalist

Moving from
Citizen-Scientists

to
Citizens & Scientists
Interacting and sharing data

Targeted Data IV: iNaturalist.org services

@@
Expert Assistance

And checklists are great for data targeting!

11




Biodiversity Informatics Platforms

)

1148.0f 830 amphibia e
9% Fanlles 47% Ganata, 1% Spacies

Computational Ecology @ Microsoft Research

MEH: O s

CEES aims todevelop the new concepts, methods, and software tools that are needed to
aroduce predic the models of emironmentol systems

i et vl et o e o e A T e i

CO il 2l vz svaneed i maorian L avesg al snweanmnialsgenas i

gl Ve b faod Hetwort Expamn Coalagiml netares Al Mavemenis

Balanmd Camplenityhnp mahe Specie Dbibatiow Favss wtarisity

Garban cpele
SR Species Datinctiors Gomystam Modeling ot

T i e T e o 1

Fitsac WKL NewianaD

o et S
Andbimes, Opnamic Catmeiiwsr

Fetch! {Climate, Carbon]...

12




8.2 Daan du Toit: "The policy - research infrastructure interface:
implications for biodiversity informatics"

Research Infrastructure — Policy
Interface: Implications for
Biodiversity Informatics

i
/  Scaecama
REPURLE OF SOuTH armica

—

Scope

* GBIC; Coordinate action to mobilize required
data and informatics capacities to support
biodiversity science and address policy
objectives

— How best assemble and intemret data far Aichi
targets —i.e secure optimal research
infrastructure support

Presentation: Interface research
infrastructure (RI) and policy

— “Enabling policy environment” for R
— Policy-maker “expectations” from RI

|
|

RI Definition

Single-sited, distributed or virtual facilities,
resources or services to support knowledge
generation, solve challenges, innovation
— major equipment or sets of instruments
— knowlsdge resources: callections, archives,
databanks
— e-Infrastructures
» structured information systems for data management,
enahling information and communication
+ technology-based infrastructures: network, grid,
computing, software and middleware

STl Policy Context for Rl

Facus on grand / glabal challenges

— Climate change; energy security; pandemic disease, stc.
Science know s no borders

— Increased intemational cooperation

— "Metworked science”

— Joint programming

— Multi-disciplinary

— Public-private

Data as service: Ading the tide / open access

Bridging the innovation chasm / knowledge triangle

Funding: Opportunity — science drives growth and dewelopment, but
also constraint - competing priorities, look non-conv entional sources

Overview presentation

+ Rlpolicy developments relevant for biodiversity
infarmatics initiatives

— Specific focus data (Group of Senior Officials)
(Broader) policy expectations from RI

— Including nor-scientific specific impacts

Reflection on GEOSS

Concluding thoughts
Informed by experience:
- OECD Glabal Science Forum
— Intemational Conference on Ressarch Infragtructures
— GBS Group of Senior Officials on Gbbal Ressarch Infragtructures

— Development of Global Earth Observation System of Systems
(GEOSS) -

International Rl investment/ 2
cooperation framework

RI roadmaps results of strategic, long-term, palicy
relevant planning exercise
- E.g.ESFRI
Criteria for determining R| priorities include
— Benefits to as many Grand Challenges as possible
— Those under threat requiing immediate atention
— Potential to leverage intemational partnership, including
comparative advantages of partners, e.0..
» Knowledge
- Geographic

= Resource

13




Group of Senior Officials on I

Global Research Infrastructures

Framework for a coherent and coordinated
world-wide development and operation of
global research infrastructures

To inform decisions on (based best practice):
— prioritisation

— efficient governance structures

— appropriate funding schemes

— policies for access and utilisation

—Ete:

—

GSO Draft Recommendations

Core purpose of global research infrastructures
Defining project partnerships for effective management
Defining scope, schedule and cost

Project management

Funding management

Perindic reviews

Access based on ment review

E-infrastructure

Data exchange

Clustering of research infrastructures

Intemational mobility

Technology transfer and intellectual property
Monitoring socio-econamic impact -

GSO: e-Infrastructures / Data
exchange

Special working group on data

Promote integrated use of advanced e-infrastructures

and services for

— accessing and processing, and curating data

— remote participation (interaction) and access to scientific
EXpENMEnts

Encourage global scientific data infrastructure

providers and users to promote

— data exchange and interoperability of data across disciplines
and national houndanes 10 broaden the scientific reach of
individual data sets

e ——
GSO Working Group on Data
+ Call for action
- Universities
- Global scientific data infrastructure providers and users
- Research institutions and funding entties
- Communitie s of as well as individual scientists and researchers
- Governments
- Global governance frameworks
_ Libraries and publishers
- Networks of repositories, libraries and data-centres

- Public and private sector develo pers of adv anced applications,
tools and services

+ Does not replace or supersede national or regional
policies

Summary GSO Data WG draft — I

recommendations

+ Global scientific data infrastructure providers,
research institutions and funding entities (should)

— address all companents of data life cycle

« acquisition,

- curation,

. metacata,

. provenance,
persistent identifiers,
authorization,

. authentication and data integrity: including development
of approaches that provide a common ook and feel to
data discovery across disciplines and

— reduce learning curve required to achieve productivity

Draft recommendations: Training

l.Universities and research organisations
. actively promote stewardship in sharing and re-
using data and information by making it a factor in
scientific career advancement.

Il.Global scientific data infrastructure
research institutions and funding entities
+ Support development & training of new cohorts of
data-i) J ianal i expertise
(including data specialists, technicans and data
managers)

providers,

14




Draft recommendations: User : I

communities

Ill.Communities in different fields of science and humanities,
research facilities producing data:
. take active rele in defining concrete short and long
term requi for the underlying scientific
data infrastructures for data

IV.Scientists and researchers
- emhbrace open science implementing and realising a
scientific culture of fair sharing and respect of other's
wiork (" good scientific practice")

Draft recommendations: '

Infrastructure and Access

V.Governments:

« provide adequate funding to develop
interconnected seamless global data
infrastructure(s) underpinning scientific culture of
open and fair exchange—suppaorting scientists to
exchange data, publications and knowledge
without barriers

V1.Global governance frameworks:

« eliminate unnecessary barriers to accessing
data and promote recognition and reputation
mechanisms which encourage it

Draft recommendations:
Infrastructure and Access (2)

V. Libraries and Publishers:

» ensure that data are readily discoverable by all
potential users without requiring specialist
expertise and priar knowledge of existence of the
data sources. Key: standardisation of metadata for
cataloguing of data itself and for the means of
aggregation, collection and indexing these
standards providing a common look and feel to
data discovery across disciplines

Draft recommendations:
Interoperability

Vlll.Global scientific data infrastructure providers and users:
- establish International Torum for data Interoperabiiity 1
i and i f iiity of data across
disciplines and rational boundaries by producing high
fuality, relevant technical documents and procedures that
INfUENCE the way researthers store, Use, and manage data
. Fosum dgirected by adeq [/ it
board to set strategies and priorities:
» managed by users who focus on operational issues
assoclated with the exchange and transmis sion of data
Adopt process similar to |ETF, focus on “rough and
CONSEnsUs and running code” to insure that data shanng
takes place from outset rather than waiting for stanciands
to be finalized and approved
=
W |

Draft recommendations: '

Interoperability (2)

IX.Networks of repositories, libraries and data-centres:

« Interoperate at global level with high levels of
dependability and trust, guided by international
standards;

+ profit from and optimise synergies with network
and computing infrastructures, and

. engage user communities of researchers in
defining useful standards, services and platforms
to be developed and maintained

Draft recommendations:
Development of new tools

X Public and Private sector developers of advanced
applications, tools and services:
- hawve incentive to innovate
+ In future—even more important as increasingly
complex data will not be understandable without
access to and use of yet-to-be-developed analysis
tools, visualizations, decision-making suppart, models,
simulations, et
Xl.Global scientific data infrastructure providers,
research institutions and national funding agencies:
« encourage leveraging and building on already
existing resources to be economicaily efficient.

15




Broader “expectations” from Rl

= Enhance scientific tools to respand to glohal challenges

= Leverage socic-economic benefits, including driver for

innovation n key enanling technalogies

Instrument for encouraging inclusive international cooperation

= Promote science diplomacy

wenicle far efficient joint investments from mutitiple funding

instruments

Enahle equitable brain circulation, facilitate retention of skill

= Support human capital development for research and technical
training

= Promote public understanding and aw areness of science,
specifically for youth

GEOSS an example of an emerging global public
good infrastructure

Coordinate and
Sustain Observation =~ .
Systems

Provide Easier &
More Open Data -
Access (

Foster Use through
Science, Applications
and Capacity Building

... to answer Society’s need for informed
decision making

GEO Bon Example of in-situ
infrastructure

The Group on Earth Observations
Biodiversity Observation Network

GEO BON

GEOSS Data Sharing Principles

The GEOSS 10-Year Implementation Plan {2005)
states:

“The societal benefits of Earth observations cannot
be achieved without data sharing.”

exchange o
GEOSS,
truments and n:

All shared data, metadata and products being free of charge or
it

no more than cost of reproduction will be encouraged for
research and education

GEOSS Dissemination of
Information

GEOSS will disseminate information and

analyses directly to users

GEO has developed the GEOPortal as a single

Internet gateway

The purpose of GEOPortal is to make it easier to

integrate diverse data sets

— identify relevant data and portals of contributing
systems

— access models and other decision-support tools

GEOSS harnesses optimal support
from e-Infrastructures

+ Interlinking observation systems requires
common standards for architecture and data
sharing

Related networking technologies are critical for
meeting the requirements of GEOSS

Satellite communications, ad hoc and sensor
communications and networking, free-space
optical (FSO) communications systems, large
data storages, high-performance computing and
broadband wireless networks

16




8.3 Robert Robbins: "Half of Our Biosphere is (No Longer) Missing:

Implications for Understanding Biodiversity, Bioinformatics, and Life

Itself"

RCN-:4.GSC

Half of Our Biosphere Is Missing

_& OBIF 85 <2 .04 202 - Coperpen €02, 1.4, At +

RCN-:4.GSC

\\o\P
Half of Our Biosphere Is” Missing

Implications for Understanding
Biodiversity, Bioinformatics, and Life Itself

3\ QRGBS - 2414 2012 -0 comregen, SNZ . Reting

RCN-4.GSC s
NS

«f

Half of Our Biosphere Is” Missing

Implications for Understanding
Biodiversity, Bioinformatics, and Life Itself
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RJR8222@gmail.com
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In the last fewyears, improving genomic and metagencmic tools have been revealing
details about the previously invisible microbial warld. Athough the se new ndings are
yislding very important insiohts about global kiodiwersity, some may be dificut to

accomm odate in cument biological models. Half of the warld's biom assand by far the
majarity of its biodiversity are, for the frst time, becoming avaiable for study. Every manth,
startling results appear in the literature. Not only do free-iving microbes represert &
distinetly alien way of life, comm ensal micrabes are proving to have profound efiects on
their host organisms, affecting things ranging fram m ate choice in Drosophila, to pain
tolerance in mice, to niche partitioning in ants. The ememging pervasive influence of

comm ensal microbes sugge sts that to fully understand the biology of any organism we must
take into accourt its interactions with its associsted microbiota. It seem s, we are all lichens
novw The resuiing conceptual adiustments wil offer great opportunities for expanding our
understanding of the kinsphere, but wil otfier real challengesto our current viewof
bicciversity and will greatly complicats the informatics toals neede 1o document biodiversty.
Mot only il bioiversity informatics projects need to deal with a explosion in the amount of
biodiversity-relevart data, they m ey well need to accomm odste data that are of a
conceptuslly different form . Az any informatics professional knowe, making changes to an
underlying data model is abaays difficutt and aught wih risk. Making changes to
concentusl base tlasses is the fardest of all. Welcom e ta the word 01 21 8 Century

o iosiversity
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GBIF and Biodiversity:
=WWhat i3 "biodiversity” and how should biodiversity infarmation be
managed?

= Sequencing s getter better and faster at an incredible rate. What
is the relevance to biodiversity studies?

- Sciencels a"light's better” endeavor. Yhen the light changes,
the science changes

= The light |5 changing: Biological dark matier is becoming visible
- Reality is not negotiable || Examples from genstics & genomics
= Reality is not negatiable I1: The future of biodrersity.

=Welcome to the world of 21st Century biodiversity.
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What is “biodiversity” and how

should biodiversity information
be managed?
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What is “biodiversity” and how
should biodiversity information
be managed?

Addressing this question is,
essentially, the purpose of this
meeting.
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Sequencing Improvement

Is Astounding !!

3\ @BIH1D82 -2+ 0120 AmnemEn, 012, . et s

~ RCN-4.GSC

RCN-4.GSC

1,000,000,000,000 1,000,000,000 000
100,000,000,000 — L 100,000 500 000
10,000,000,000 ——| SrEn in sequencing eficizncy, 10,000,000 000
shown as bases per dollar
1,000,000,000 — e 1,000,000 000
100,000,000 V4 100 000 000
10,000,000 7 10,000 000
1,000,000 1,000,000 Growth in campus network capacity, ]:

i o shown as bits per second
10,000 pd 10,000
1,000 Pl 1,000
100 100
10 — 10
1 1

1990 2000 2010 2020 1980 2000 2010 2020
o QB K ~2 404 TNZ- CopErrREN ST, .. Mo B - BB =24 1 2012 G opmemEn, S 012, .4 et P

~ RCN:4.GSC RCN-4-GSC -
1,000,000000,000 1,000,000,000 000
100,000,000,000 100,000 300 000
10,000,000,000 Z 10,000,000 000
1,000,000,000 1,000,000 000

100,000,000 // 100 000 000 S ’:
10,000,000 10,000 000 -
1,000,000 1,000,000 d
100,000 100 000 4
10,000 / 10 000 i
1,000 / 1,000
100 [ Proting these together presicts 100 | Time to move a milion dollers wertn
5 / | troukle ahead. P l of sequence data, in seconds.
I 1 1 T
! T T ! T T
1990 2000 2010 2020 1920 2000 2010 2020
N SRS e SR e p N O ———— .}

18




RCN-:4-GSC

1,000,000,000,000
100,000,000,000
40,000,000,000
1,000,000,000

| CR < [—
d80.000,007 Ten thousand seconds is 2.75 hours
10,000,000 — T

1,000,000 ‘\
100,000 P
10,000
1,000 -
100
10
1
1990 2000 2010 2020
5 QEIFDER -2 4 J TN~ CIRENREN© X, R Aoabine E]

RCN-4-GS§S

et BGOH S B T ——

1,000,000,000 000
100,000,000 000
10,000,400 000
1,000,000 000
100,000 000 —]

One billion secands is 3 years
10,000 000 —

1,000,000 '

100 000

10,000
1,000

100 pd

10

1

1980 2000 200 2020

GEIHDER 2400 T2 -2 aemregEn, O 012, R Ratmire

RCN:4.GSC

1,000,000000,000
100,000,000,000
10,000,000 000
1,000,000,00
fi00.000000 _{ One bilion seconds is 31 years ==l
10,000,000 — e 115 day
1,000,000 1 daye
100000 2 hows
10,000 i
1,000
100 /
10
1
1990 2000 2010 2020
PP — "

RCN:4.GSC

Bottom Line:

+ There will be a lot more sequence data in the
future than there is now.
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Bottom Line:

+ There will be a lot more sequence data in the
future than there is now.

+ Incorporating generic sequence data into
biodiversity informatics will be technically and
logistically challenging.
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Bottom Line:
* There will be a lot more sequence data in the
future than there is now.

* Incorporating generic sequence data into
biodiversity informatics will be technically and
logistically challenging.

= Incorporating biodiversity-specific sequence
data into biodiversity informatics may also be
conceptually and logically challenging.
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Sequencing and Biodiversity

. The Basics
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Why (meta)genomics and biodiversity?
¢+ Biodiversity is less a field of biclogy than a perspective
({that of variance ) into biology.

Diversity is a sine qua non of biology, no diversity, no
evolution

« Genetics / genomics are equally central to biology —
genetics is the study of the hereditary machinery, the
basis of heritable variation, the raw material for
evolution, the ultimate source of biodiversity.

3\ @BIH1D82 -2+ 0120 AmnemEn, 012, . et
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Why (meta)genomics and biodiversity?

« Biodiversity is less a field of biology than a perspective

The connection between genomics/
metagenomics and biodiversity
seems cbvious and profound.

TV OTOTOTT, 012 GTTEE SO0 e U7 DIOg Ve ST
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The Basics:
« As sequencing gets cheaper, its practical
applicability to biodiversity will increase.
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The Basics:
« As sequencing gets cheaper, its practical
applicability to biodiversity will increase.

+ Barcode-type data are useful in a diversity-
diagnostic sense.
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The Basics:
+ As sequencing gets cheaper, its practical
applicability to biodiversity will increase.

* Barcode-type data are useful in a diversity-
diagnostic sense.

« Metagenomic tools allow a broad diversity
assessment in a single test.
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The Basics:
+ As sequencing gets cheaper, its practical

applicability to biodiversity will increase.

+ Barcode-type data are useful in a diversity-
diagnostic sense.

« Metagenomic tools allow a broad diversity
assessment in a single test.

= Traditional biodiversity thinking will need to be
extended to include sequence data; e.g., will
we need a type sequence?
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The Basics:

* Geo-referenced genetic data can provide
evidence of pattems of origin and distribution
of hew genes.
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The Basics:

+ Geo-referenced genetic data can provide
evidence of patterns of origin and distribution
of new genes.

* Should species-abundance maps be extended
to include geno-clines?
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The Basics:
+ Geo-referenced genetic data can provide

evidence of pattems of origin and distribution
of new genes.

« Should species-abundance maps be extended
to include geno-clines?

» and so on...

3\ BB =24 2012 G opmemEn, P12, . et

Sequencing and Biodiversity

[I. New Insights
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New Insights:
+ Sequence analysis was responsible for the

most important biodiversity discovery of the
last hundred years.

_3\ B8 24 1 012 oo, S22, . et

21




RCN-4-GSC

New Insights:

Y em—

+ Sequence analysis was responsible for the

most important biodiversity discovery of the
last hundred years.

+ Newly emerging sequence analysis tools will

allow us to study vast swaths of biodiversity
that have previously been invisible.
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G nes o

New Insights:

« Sequence analysis was responsible for the
most important biodiversity discovery of the
last hundred years.

* Newly emerging sequence analysis tools will
allow us to study vast swaths of biodiversity
that have previously been invisible.

* Findings from genomic and metagenomic

studies of biodiversity may force some MAJOR
reassessments of basic biological concepts.
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Major Biodiversity Discovery !
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| Major Biodiversity Discovery !
B Dally News

aw Species Found in "Lost Warld™: Pinseetia Frog, hore

Mot really.

It's just another frog
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| Major Biodiversity Discovery !
ey e
HaA

Phylogenetic structure of the prokaryotic domain: The primary
kingdoms.
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| Major Biodiversity Discovery !
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LOGIC

One could measurs the similanty between two text
documents by chopping them up into, say, ten-word
phrases, and then asking what percentage of ten-
word phrases were present in common between two
documents

If every phrase occurred in both dacuments, the
score would be 1.0; if no phrases occurred in both
documents, the score would be 00
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Evohution: Woese and For Proc. Natl Acod. Sei USA T4 (1977) 5069
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Eu
0.29-038

Range for all eu-eu
compansons

The eukaryotes were all
similar to each other,
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Eu
0.29-0.36

Range for all eu-su
comparisons

The eukaryotes were all
similar to each aother,

Range for all eu-pr
comparisons

and they were different
from the prokaryotes,

0.05-0.13

Pr
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Eu
Range for all eu-eu
0.29-0.36 comparsons

The eukaryotes were all
similar to each other,

bt the prokaryotes were
wildly inconsistent with

Range for all pr-pr

0.06-0.51
Pr

RCN-

-GSC

Eu
Joe® 1 029-036
0.05-0.13

What to make of this?
Perhaps there was
maore than one kind of
prokaryote...

0.06-0.51
Pr

£ach other. compansons
N T — . L R
RCN:4.-GSC RCN-4-GSC

Eu

0.29-0.36
0.07-0.13
[0.19 -0.31 ]0—[0.06- 0.14 ]—0[ 0.24 -0.51 ]
Pri Pr2

oo e

Data don't get much clearer than
this — completely non-overlapping sets
of measurements. ..

But still, not exactly intuitively obvious
to traditionally trained biologists.

0.19-0.31 Jd—l\;.ﬁﬁ -0.14 J—Dl 024-031
B Pro

N R — - & S ——
RCN:4.GSC
Aside:

Most textbooks will tell you that, in
1610, Galileo Galilei became the first
person to observe Saturn's rings.

But what did he really see?
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The generation of important new insights while
handicapped with limited technology, indirect
measurement, and fuzzy data is the mark of

RCN-4.GSC

What we can see is affected by (determined by?):

RCN-4.GSC

What we can see is affected by (determined by?):

e we look

The “illumination” available to us
actual lighting, instruments, analytical methods, other
tools, ...

25

scientific greatness
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What we can see is affected by (determined by?):

Where we look.

RCN-4-GSC

What we can see is affected by (determined by?):

ve look

What we expect to see
our theories, past experiences, biases, prejudices, ..
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What we make of what we see is affected by:
Qur ability to appreciate the details.
Qur ability to see the big picture.
The context (vision) of our approach .

Qur creativity.
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Evolution: Woese and For Proc. Natl Aced Si. USAT4(1977) 5059

Tabies,
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With his early tools, the best Woese could
see were tables of laboriously created
association coefficients...,

but the implications were huge.
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Eukaryotes

There were really three fundamentally
different forms of life on Earth

Archaea

Bacteria
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As more data became
available, a mare detailed
distance metric could be

created
o, wRmE v Termashies
ARCHAEBACTERIA
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BACTERIA

Now it is much easier to
generate full sequences,
and from those full
sequences to compute
ever more detailed
relationship trees - |

Although reality hasn't =
changed, our ahility to see
it, and to understand it,

certainly has EUCARYA
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Ifthe goal of biodiversity studies is to understand all
life in the biosphere in its full historical, biogeo-
graphical, and functional context, then Woese is
right. We must strive to understand the complete
evolutionary context in which life arose and
diversified, not merely catalog recent changes.

RCN-4.GSC
Darwin knew that his model
required some hereditary
mechanism that could
supply the variation upon
which selection could work,
but which would also be
resistant to dilution through
“blending.” He never
developed a working model
of his own, and some of his
provisional ideas flited with
Lamarckism.
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August Weismann's work
on the gem-plasm theory
assumed the hereditary
stuff was in the cell
nucleus and showed how
this ruled out Lamarckian-
style inheritance.
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George Romanes thought
Weismann's germ-plasm
work ruling out the
inheritance of acquired
characteristics was an
important extension to
Darwin’s own thinking, and
so coined the phrase neo-
Darwinism to describe this
improved evolutionary
model.
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Mendel’s work could have
provided the hereditary
model, but his work was
unknown to Darwin (and
unknown to most of
science) until 1900, when
the rediscovery of his work
triggered an explosion of
new research, establishing
the field of classical
genetics.

f\ SBING BK -2- 04 T2 ScperbeEn ® 20, .. R
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The combination of neo-
Darwinism and Mendelism
produced

The Medern Synifiesis

which has provided the
intellectual foundation of
most evolutionary thought
from 1940 to the present.
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Note that The Modern Synthesis was
completed before Watson and Crick
worked out the structure of DNA and
before any tools of molecular biology
were available to address problems of
heredity, development, or evolution.
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Today, some researchers
are attempting to integrate
newer findings from
genomics and other fields
to yield an improved and
extended synthesis,
suitable for 21-century
biology.
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In planning for the future, GBIF would be well
advised to attend carefully to these newly emerging
evolutionary concepts.

Evidence for new complexities and subtleties is
growing, while some earlier fundamental
assumptions are proving to be wrong.

The possibility of significant extensions to our basic
notions of organism and species seems not far off.

: ——
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In the history of life on Earth,
several major transitions
have occurred.

These transitions were
significant enough to
change the nature of the
evolutionary process itself,
making it impossible to
apply assumptions and
analyses from one side of a
transition to the other.

N PPN - - N [T ———— .
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For more than 80% of the

Replicating molecules — Populations of molecules
Independent replicators — Chramosames
RMNA — DNA
FProkaryates — Eukaryotes
Asexual clones — Sexual populations
Unicellularity — Multicellularity

Solitary individuals — Colonies

Primate societies — Human societies (languags)

3\ SBIG BK ~2- 04 T2 Scperbeen 20, .. R

time life has been evolving THE
EVOLUTION

on Earth, multicellular

individuals” did not exist. INDIVIDUALITY

Even now, they occurin only
a handful of top-level taxa.

Thus, making the “individual”
the centerpiece for under-
standing evolution and for
classifying life on Earth
seems problematic.
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For more than 80% of the

Attempting to understand microbial
communities by thinking of them as a
bunch of little bitty mice is an activity
that falls on a continuum somewhere
between fruitless and just plain wrong.

standing and classifying life
on Earth seems problematic.
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Science = Light's Better
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Old Joke:

A drunk is crawling around a lamp post on his hands
and knees.

Acop comes along .
Cop: What are you daing?
Drunk: Looking far my car keys
Cop: Are you sure you dropped them here?
Drunk: No, | dropped them in the alley.
Cop: Sowhy are you looking here?
Drunk: Because the light's better.

AN [ ———— s
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Cld Joke:

Science is a light's better endeavor in that research effort is
not directed at areas where the wark is technically infeasible.
Research is directed where real, interpratable results may be
obtained

Wa do, in fact, canduct research where the light's better
But, when the light changes, so does science.
With better illumination, we look in new areas

YWe find new things

Drun

ause the light's &
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Old Joke:

Science is a light's better endeavorin that research effort is
not directed at areas where the work is technically infeasible
Research is directed where real, interpretable results may be
gbtained

Wie do, in fact, conduct research where the light's better
But, when the light changes, so does science
Wyith better illumination, we look in new areas

We find new things

The light IS changing...

3\ SBING BK -2- 04 T2 ScperbeEn ® 20, .. R -
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Before the Light Changed

Biochemistry

If the genes are conceived as chemical substances, anly
ane class of compounds need he given to which they can
be reckaned as belonging, and that is the proteins in the
wider sense, on account ofthe inexhaustible possibilities
for variation which they offer. Such being the case,
the most likely rale farthe nucleic acids seems to be that
aof the structure-determining supporting substance

T Caspersson. 1936, Ther den chemischen Aufban derS trakhazen
des Zellkemes. Acta Med. Skand., 73, Suppl. § 1-151.

“J,\ B8 24 1 012 oo, S22, . et -

29




RCN-4-GSC

Eefore the Light Changed:
Classical Genetics

The genes are arranged [on chromosomes]in a manner
similar to beads strung on a loose string

Stavtevant, & H., and Beadle, G W, 1939, dn hwodustion 20
Gemetica. W, B. Sanndexs Company, Philadslphia, p. 94,

RCN-4-GS§S

Before the Light Changed

Biodiversity

??7

LT T P —— s DI ~24 0 012 -0 semregen, S, . . i =
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Before the Light Changed:
Biodiversity

Candidates . -

The centrality ofthe individual organism — the specimen — BIOloglcal Dark Matter

to biodiversity thinking i i

The centrality ofthe single-rooted tree of life as a device Heaves |nt0 V|eW

for representing our understanding of how life arose and

diversified
AN P ——— . N S ————— -

RCN-4.-GSC

Biological Dark Matter

Heaves into View
and what a view !

SRINSB -2 ¢ 4 THZ- Coperbenen S AT, K. Aotk =
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« Metagenomics tools are showing that, compared to
macro-scale organisms, the diversity of microbial
communities is staggering

Intra-species bacterial genetic diversity is greater than that among the

great apes; intra-genus bacterial diversity is greaterthan that amang all
the mammalia

IMetagenomics tools are showing that a full
understanding of macro-scale arganisms will depend
on an understanding of their interactions with their
associated microbiomes

Understanding how different ants optimize nutrient acquisition, and thus
hovw they function in their nicheg, depends on an understanding of their
associated gut microbiomes

ES
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Understanding this biological dark matter must be a
top goal for 21t ¢century biology. In the 20t century
we found that classical physics was only an
approximation of reality — an incredibly useful
approximation, but an approximation nonetheless.
So, too, with classical biclogy.

TR
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Reality is NOT Negotiable, |

Genomics Example
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Evolving Definition of a Gene:
Classical Definition: fundamental unit of heredity,

mutation, and recombination (beads on a string).

Physielogical Definition: fundamental unit of
function {one gene, one enzyme

Cistronic Definition: fundamental unit of expression
(cis-trans test)

Sequence Definition: the smallest segment of the
gene-string consistently assaciated with the
occumence of a specific genetic effect

Current Definition: 7?7

S S ——
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Gene as Sequence (simplistic view)

T

)
—] s

Agene is a transcribed region of DMA, flanked by upstream start
regulatory sequences and downstream stop regulatory sequences

‘J\ SBING BK -2- 04 T2 ScperbeEn ® 20, .. R
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Gene as Sequence (simplistic view)

coding region

L el St B e i e
kilobases 3

The Iocation of a gene can he designated by specifying the
hase-pair location of its beginning and end

;,'\ B8 24 1 012 oo, S22, . et
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Simplistic View of Genome

RCN-4-

Simplistic View of Geno
T

SC ~

mne
T

1
T,
A 2
CTACTGCATAGACGATCG
GATGACGTATCTGCTAGC
DNA may be transcribed in either direction. Therefore, fully A naive view holds that a genome can be represented as a continuous
specifying a gene's position requires noting its orientation as linear siring of nuclentides, with landmarks identified by the chrom osome
well as its start and stop positions number followed by the offset number of the nucleotide at the beginning
and end of the region of interest. This simplistic approach ignores the fact
that human chromosomes may vary in length by tens of millions of
nuclectides
A SORROP S ———— 5 4 ST ———— =
RCN:4.GSC RCN-4.GSC
Escherichia coli: the MMS Operon
x, ’
2o ML T, -k
-p_x _Pg eq 1 g T.
Complicated Sequences ol e
T >
Tranglation Replication Transcription
Lupski, IR, G odson, G}, 1989, DNA-YDN &, and DNA—> RNA—Protein:
Orchestration by a single complex operon, BioEssays, 10:153-157
AN P ——— " N S ————— 5
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Introns: Gart Introns: Gart
] 5 & i
~ ~
N T I - N B e B -
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Introns: Gart

b —
- H H HHH—
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= RCN-4.GSC ™

Introns: Gart

&
4 H HHHH—
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Alternative Splicing: Gart

TG —
—HH T —1
' .
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Nested Genes: Gart/Lep

% —_
—H T aHEsH—E—

]
o
{.

1986, Grens within a gee: Nested Drosoptila genes cacode

Henikoff, 5. Keene, M A, Fechtel, K., and Fristrom, J.W,
wrelated proteins on opposite strands, Call 4433

: E
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Nested Gene Families: UGT1

R R R B R

£ e
e HiHA

The UGTT locus yields multiple transcripts through alternative promaotion
Each promoter produces a transcript that is spliced so that the exon
immedistely adjacent to the promoter is joined with the four terminal
exons shared by all of the transcripts

T

Ritter, 1 K., Chen, F., etal, 1992, & novel complex locus

UGTI encodes human bilinshin, phenol, and other TDP-
4 A isor i i 1 carbere

termind, J Bl Chem 2673257
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Nested Gene Families: UGT1
phenal UDP-glucuronosyitransfera se

G AR

bilirubin UDP-glucuronosyltransferases:

e e[

[ ]| [
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Nested Gene Families: UGT1

phenol UDP-glucuronosyltransferase:

bilirubin UDP-glucurano syltransferases

| challenge anyone to try
to produce a definition of

cistron that makes sense
here

;& QIR <204 TN CCREREN O 20, .. Rt
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Multiple Gene Products: POMC

Prepraopiomelanacortin

(26 & Jof 4 [ela] « [l «# ]
signal peptide:
EO e el e
HMEH Cotticatropin Plipctropin
asH PMSH Enciarphin
Depending upon the tissue in which the |m |:|
gene is expressed, the POMC |ocus yields y-Lipctropin Enkephalin

different protein products through altemative
processing of the resuiting polypeptide

_J\ @BIH1D82 -2+ 0120 AmnemEn, 012, . et
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Multiple Gene Products: POMC

Pr

< One gene, one polypeptide?

Not quite. More like one gene, a
dozen polypeptides, more or less,
depending. ..

& e T T T

- I
gene is expressed, the POMC locus yields Enkephalin

7-Lifatropin
different protein products through alternative
processing of the resulting polypeptide.

N ————
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Before Molecular Biology:
Genes are the fundamental units of
mutation, recombination, and heredity;
they are amranged on the chromosomes
likes beads on a string.

3\ BB =24 2012 G opmemEn, P12, . et
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Before Molecular Biology:
Genes are the fundamental units of
mutation, recombination, and heredity,;
they are arranged on the chromosomes
likes beads on a string.

After Molecular Biology:

No fundamental units, no beads, and no
string...

3\ SBING BK -2- 04 T2 ScperbeEn ® 20, .. R
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Reality is NOT Negotiable, Il

Biodiversity

“J,\ B8 24 1 012 oo, S22, . et
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The Tree of Life
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Haeckel's
Monophylogeny Tree

opmtizgen, #2012, K. . Rewhire

B Haeckel's
ol il Paleontology Tree

., B v
;k - [r——————— it :_‘\

- RCN:4.-GSC ™ RCN-4-GSC ~

= A Can Trees Lie?

‘ | A Pretty Tree
;"\ SN e R A Bl s ;"‘\
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Restancn Coonpimatiag Herwan G

Anyone of the right age ﬂ ‘
probably remembers this X A
book and how effectively ¥ By J by Lots of
Huff demonstrated the -, 5 = diversity
ease with which graphical ,.*f up here
devices can misrepresent ?
quantitative information. =
For example, ...

& BT P o N o el iR i

RCN:4.GSC RCN 4 GSC

Not 5o
much
down here

£

y ,.) . 7 @ Lots of
ey V2 = diversity
\ I_&f up here
G !
QRN -2 .00 T2 ConerEN S A, . Mtk "

BACTERIA \h

Another tree, this one based
on comparisons of rRNA short
sub-unit sequences.

N
Branch length reflects actual "_?, |
divergence of sequence. /f! \ h
EUCARYA 1\‘ \ \
\

P
:_‘\ BB =24 2012 G opmemEn, P12, . et "

PLANTS

RCN-4.-GSC
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\

/If a tree is drawn to reflect A
physiological diversity, all of the
differences among plants, animals,
and fungi barely qualify as
variations on a theme.

Mammals are essentially the same
physiological trick, served upin a
Kvariety of different packages.

4
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Average Mammalian Body Temperamres
Human 37°C
Baboon 38'C
Furseal 38 C . )
When is a Tree not a Tree?
Humpback whale 36" C
Mouse (Mus musculus) 37°C
Elephant 36°C
Polar Bear 37°C
N S — N S S s
RCN:4.GSC RCN-4.GSC

Most multicellular eukaryotic
taxa can be aranged in a
tree-like configuration, but
when we include the origin of
intra-cellular organelles things
get more complicated...

N e
p A\ o —
e Q t_,

The origin of mitochondria, chloroplasts, and several other
eukaryatic cell inclusions through endosymbicsis means that,

technically speaking at least, not only are eukaryotic taxa
polyphyletic, so are eukaryotic "individuals”

N JE———— = . e
RCN:4.GSC RCN-4.GSC
In addition...

We now know that horizontal
gene transfer (HGT) occurs
regularly among prokaryotes b
and most likely was the L.
dominant form of inheritance /
during the early evolution of

life on Earth.

3\ SBING BK -2- 04 T2 ScperbeEn ® 20, .. R
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YWhen trying to represent the
evolutionary history of ALL life on
Earth, a single-rooted tree is a poor

data model
= =7 “
Evolution defines the tree
not the reverse. 5
N P i
RCN:4.GSC RCN:4.GSC
The traditional biologist's view of life,
first stated by Aristotle, starts by looking
at individual organisms and asking what
o properties they have in common. (p 5)
The Individual
N S —————— oy S ——————

RCN:4:GSC

The subjects of classification are
organisms and the subjects of taxonomy
are classifications. (p11)

It seems obvious ... that the real unitin
nature, the one thing that is usually
completely objective in spite of some
marginal cases, is the individual
organism. {p. 18)

Grorge taybrd Sampsan, 1961 m:pks f il Ty, Her
Vork: Cobanbis Untversity Pre.

‘J\ BN 8K -2 04 T2 ScperbeEn ® 20, .. R -

RCN 4 GSC

Weismann’s Germ Plasm TheOIy

7 o | Suscession
) / e il BN
e
/ /@ j Line
- ~el 00" e~ 4
redity
Germ cella Oerm Gells Germ Cells

Organisms that best satisfy the notion of exhibiting "completehy
objective’ individuals are animals that follow a Weismannian pattern
of development — that is, an early sequestering of a separate germ
line, with & complete Iogical and physical separation of somatic and
germ tissue. Such animals begin as a rygote, then develop
ritotically Into & ruitic elular adult that, with Iuck, lives o adulthood
and reproduces via the meiotic production of gametes

“J,\ B8 24 1 012 oo, S22, . et
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environment
Inputs Qutputs

food . | Organism

water —— ®'_\
gases — ®/ @

5uch an individual can, with a certain amount of conceptual
|legerdemain, be envisioned as functioning autonomously in an
ervirmnment, from which it acquires a few necessary inputs and into
which it delivers certain outpUts. It has a distinet body, with a clear
external-internal boundary. Its phenotype is determined by its
genatype, with internal physiological functions being carried out

—* wagtes
—— artifacts

—— pases

under the protein-mediated instructions of the genome. Reproduction
involves "generations” in which new individuals come into existence,
mature, and die

- CEIDER -2 14 TNZ- CopErAEn O T, K. stk m
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environment

SC

Inputs Outputs

food . | organism

G,
®

—= wastes
water —— — artifacts

gases —— —— gases

REPRODUCTION /DEVELOP MENT

arganism

(B Caerome)
& e
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The subjects of classification are
organisms and the subjects of taxonomy
are classifications. (p11)

It seems obvious ... that the real unit in
nature, the one thing that is usually
completely objective in spite of some
marginal cases, is the individual
organism. {p. 18)

Ceorge Guybrd Simpsan 1961, Priwiples of el Toneramay. e
Vorks Colenbia Uriversity Press.

AN e ———— -
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It seems obvious ... that the real unitin
nature, the one thing that is usually
completely objective in spite of some
marginal cases, is the individual
organism. (p. 18)

Grenrge (raylord Shpsc. 1981, Frivisiples of A ol Brscmicnay. Heer
Yok Cohmribis University Fress.

oy e ———— .
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Not very important. .. namy

It seems obvious ... that the real unitin
nature, the one thing that is usually
completely objective in spite of some
marginal cases, is the individual
organism. {p. 18)

Goorze Gaybrd Simpsan, 1961, Frowiples of dmal Tavemomay, Hew
Vomk: Cobanbis Unversity Press.
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The sl Without doubt. ..
organl Indubitably. .. HelTly
are cla
2192
It see Realyy 't nitin

nature, the one thing that is usually
completely objective in spite of some
marginal cases, is the individual
organism. (p. 18}

Gearge Graylord Simpson. 1961, Frainiples of min ol Bviomaey. Hewr
York: Cobmebi Untrersiy Fress.

“J,\ 811381 24 1 012 oo, D2, . Fethirs =

39




RCN-4-GSC

[ r—— wann #50 THESEvOUE STanBANDA

It is not easy to apply

What about lichens?

the concept of individual

organism to a lichen

CEIDER -2 14 TNZ- CopErAEn O T, K. stk
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Restancn Coon = ran TEGEAOMS STABANGR CaNsaNTI

Although lichens are
composite structures,
mast are highly
organized with
distinctive
mormphologies.

Without a detailed microscopical
examination, most lichens appear
ta be single entities.

GEIHDER 2400 T2 -2 aemregEn, O 012, R Ratmire 1@
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Atthe cellular level, itis possible
to detect the presence of

algae, embedded in the ;
mycobiont tissue =
[Liichens are nat simple plants, not pr- 4
ardinary individuals in the ordinary & -
sense ofthe word, theyare, rather, | g0 it
colonies, which consist of hundreds ! 3 x
ofthousands of individuals, of which, .
hoviever, one alone plays the master,

while the rest, forever imprisoned, prepare

the nutriment for themselve s and their master. This fungus is a fungus of the clase
Ascomycetes, a parasite which is accustom ed to live upon others' vrk. Its slaves are
green algae, which it has sought out, o indeed caught hold of, and compelled inta its
service. It surrounds them a5 @ spider s prey, With a forous net of narrow meshes,
which is gredually convered into an impenetraisle cavering, but while the spider sucksits

arey and leaves t dead, the Ungus ncites the algae found in 1= netto more ranid activty,
evento mare vigorous increase S Scvendimer (1069)

CEIGER -2 ¢ 14 TNT- CoperrEn # A, K. R
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Af the cellular level, it is possible e
to detect the presence of -
algae, embedded in the M ; F ]

mycobiont tissue

e G P S—

Schwendener's prose is dramatic, but makes the key point: a
lichen is a living unit, but is not an “individual” as classically
conceived. MNor can it be decomposed into individuals without
giving up both its essence and its viability.

A lichen is a composite organism that cannot be subdivided
into "individuals” and remain living. How does this squars with

the idea of the “individual” as the true "fundamental unit® of
nature?

£

GHIHDER =4 40 T12 -2 openregen, #2012, ... Regmire 2

The same fungal partner can
combine with different algal
partners, to produce

RCN-4-GSC

phenotypically distinct lichens, :""

th

In
th

gradient.

Are these two different lichens
or ..

£

at occupy different niches

the right circumstances,
ey may be found in a

SRINSB -2 ¢ 4 THZ- Coperbenen © AR, K. Aotk
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gl st L)

The same fungal partner can rprhiroligs

combine with different algal
partners, to produce
phenotypically distinct lichens
tha

Int
the
gradient.

cortmes tcing.

Maybe lichens are just a marginal case —the
exception that proves the rule, and all that...

Are these two different lichens
or

ES
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But they are certainly not rare..

_J\ IR -2 .04 TN CCREREN O 20, .. R 1.
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What about termites?

They are a critically important,
sometimes dominant, species
in many ecosystems, yet they
cannot exist without their gut
symbionts.

Can we really dismiss termites
as a rare, marginal case?

3\ @BIH1D82 -2+ 0120 AmnemEn, 012, . et 1.
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How about mammals? Surely they exemplify the idealized
rugged individualism of autonomous arganisms — the
fundamental {and completely objective) unit of nature.

= CEIGER -2 ¢ 14 TNT- CoperrEn # A, K. R "
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[ maTING Rcrwane Fam e Geror: Consonr

But wait, bison are ruminants

and cannot digest their food without
the assistance of their gut flora

;‘\ BB =24 2012 G opmemEn, P12, . et o
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But wait, hison are uminants

Aruminant is just as much a composite organism as a lichen
The alleged "individual" — whether mycobiont or buffala —
cannot obtain nutrients, and thus cannot live, without its
microbial partners.

;\ SBIHEY: 2 004 TN~ Copertenen® T, K4 R e
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Ruminants are keystone species in
many grassland ecosystems.

Itis IMPOSSIBLE to equate “keystone
species” with “marginal case”.
b AT

Acruminant is just as much a composite organism as a lichen
The alleged “indridual” — whether mycoblont er buffalo —
cannot obtain nutrients and thus zannot live, without its
micrabial partners

2\ B8 24 1 012 oo, S22, . Fethirs o
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OK, people then.

Surely human beings aren't just hopped up lichens...

_J\ IR <2404 TN CCREREN O 2, .. Rt
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NEWS & VIEWS
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An!elmr nares
aucm

Figure 1 Wariation in d versity. Researchers nfthe
e s T
inhabitants ofthe hurman bedy usi
Pt gl ke il
emale) body sites —Fomthe skin (hur s
th andhreat rine stes), agin fhiee stes),
e distal

mated ihe number of microtial species
andihar genes in these samples, ad found
Substantial ariation i micrebial communty
sompastion 2t difirent bodyhabitas. The twa
greupsused diferent courting methodologies, ad

teeth (upraginghal plague)
Sites with intermediate dyersit; such as the insice o1
| the cheek fbuceal mucs=3)and nostris (srtator

\ | gastintesinal tact and
nars);ane sites wih lower dhersty, uch s the

| \agirsl peteior Emis. The althers a1 fand
[ subsartial ariaton h both the dvsicyand he
o\ composiion ofthe micrbial comerunties at diflerent
L | | sites within the sarme general bady region.
Hl
| §
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Microbial World:

+ In addition to being ubiquitous and abundant
on and in every macroscale organism,
prokaryotes occur in every imaginable
environment (and maybe a few more).
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Mlcroblal World:

* In addition to being ubiguitous and abundant
on and in every macroscale organism,
prokanyotes occur in every imaginable
environment (and maybe a few more).

* They are abundant (more bacteria in a bucket
of seawater than there are mammals in Africa).

_3\ B8 24 1 012 oo, S22, . et .
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Microbial World:

+ In addition to being ubiquitous and abundant
on and in every macroscale organism,
prokaryotes occur in every imaginable
environment (and maybe a few more).

* They are abundant (more bacteria in a bucket
of seawater than there are mammals in Africa).

+ They are locally diverse (1 g of soil contains
107-10° prokaryotic cells, with 2,000—18,000
different genomes).

_J\ IR <2404 TN CCREREN O 2, .. Rt =
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Microbial World:
+ In addition to being ubiquitous and abundant

Torepeat. That's 2,000 to 18,000
separate “species” in a
teaspoon of soll...

of seawater than there are mammals in Africa).

* They are locally diverse (1 g of soil contains
107-10° prokaryotic cells, with 2,000-18,000
different genomes).

J\ @BIH1D82 -2+ 0120 AmnemEn, 012, . et
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Bottom Line:
= This is fundamentally a microbial biosphere.

Half of the biomass and most of the diversity
occur in microbes.
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Bottom Line:
+ This is fundamentally a microbial biosphere.

Half of the biomass and most of the diversity
oceur in microbes.

+ Microbes occur in free-living communities and
also in very tight, functional associated with
ALL multi-cellular organisms.
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Bottom Line:

+ This is fundamentally a microbial biosphere.
Half of the biomass and most of the diversity
occur in microbes.

+ Microbes occur in free-living communities and
also in very tight, functional associated with
ALL multi-cellular organisms.

= The notion of individual organisms, as funda-
mental units in nature, is not objective “truth” —
instead it is, at best, a useful approximation.

;k SBING BK -2- 04 T2 ScperbeEn ® 20, .. R a1
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Bottom Line:

o m : FES L

From the perspective of community biology (which
arguably is synonymous with “biology”), the
‘individual” is a reductionist abstraction.

It is useful in the way “assume a spherical cow” is
useful in biophysics — it simplifies the analysis, but
at some cost to its correspondence with reality.

mental units in nature, is not objective “truth” —
instead it is, at best, a useful approximation.
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The idea that the whole may be understood
by understanding all of its parts is the conceit
of reductionism.

AN SBIFERK <2+ 44 2 Coperbegen T, . s -
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The idea that the whole may be understood
by understanding all of its parts is the conceit
of reductionism.

The idea that the whole may be understood
by understanding a few (or only one) of its
parts is simply wrong.
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Ifthe goal of blodlver9|ty
studies is to understand sAcTERIA
all of the diversity in the
Earth’s biosphere...

ARCHAEA
'\.
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Ifthe goal of blodlver5|ty
studies is to understand BACTERIA
all of the diversity in the

Earth’s biosphere...

Then the notion that we can
accomplish that goal only by
looking here

is just plain wrong. >:; .
TN

EUCARYA l!! EUCARYA !i" \\l“ s
} i‘\\ ;k\
£ R 3 L e "
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If the goal of biodiversity
studies is to understand BACTERIA
all of the diversity in the
Earth’s biosphere. ..

Then the notion that we can
accomplish that goal only by
L

Tao maintain relevancy, ta deal with the non-negotiable aspects
of nature, 212 century biodiversity studies MUST includs a
large and growing commitment to understanding microbial
biodiversity
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Before Genomics:
Individual organisms are the fundamental
units of biodiversity; their evolutionary
history can be explained by arranging
them into groups, with the groups
composed into a single-rooted tree.
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Before Genomics:
Individual organisms are the fundamental
units of biodiversity; their evolutionary
history can be explained by arranging
them into groups, with the groups
composed into a single-rooted tree.

After Genomics
No “completely objective” individuals, no
one true free.
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Robert J. Robbins
RJRE222@E@gmail.com
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