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The Story of a Bird












A e n v,

“U.N. hace o "u‘nﬂ
.

Cl.,-(odm.d LLET YR
L1 M ey :




‘ _._,;‘..x -4 .ﬂl

e

- J..v..uw.t..)..
v J..:~le. M.
~v..\7¢ 71;:!41.11‘4 ’

- ) .‘

‘Q‘ *lhv.?volc.ta

V delvo wﬂ 4.& v.:v- » *‘“0‘&‘!‘0
nv [ ‘.t:n w lvc A. *

gl ! ...#.r....:,? (et



s .y-‘
P
-\~
» N -
T 1 Dundee
.

Glas'gow O
' o Edinburgh

r
’

North Sea

‘ .)“"g o e ) .
5 iy o e g Esbjergly
; .-»':-:“-‘y %?‘ Newcastle Y
RS SR UponiTyne {
=G i ¢ Sunderiand ~—F
- N Middlesbrough
- . 3 S O L
[ . .- . - -
’ Darlington v -9
Isle of Man ‘ N o .
v " o AN Neu
ackpool eads. 3 -
Insh Sea O = A . - - “.“Q Cuxhaven -
Preston | 2 g, "Bremerh.ave
. C et T
g Liverpool e 5 R B R IS S \
. . o va arden
o SZoN Nomn A %4 e —:‘ S Gromnge'\ \\-Bre.'ne
’ Stoke-?n-Trem'O - .(W q NS A | ] \\’3;.;%@” - Oddenburq, ;"5’-
- | (e U (Oldenburg) =
: - VJofveman]p"on LP’CC‘J&% N:)(chh J \ ). LT J {
. o U ¢ . Alkrsar 0 & Hoom 8 7, olle L EMmen )
- - _ /‘ ,A. ’
3 “‘ = Birmingham : Haarlem ;Jy & Nr'mm ; Normor,:w : Mnm
4 ' R = Ipswich Jeiden e Nederland® “.iEnschede’ -—1,—.
Ry /Gloucesuer R e ' E . Rolterd F\‘) (Netherlands) ;' \/ 0 [Bie
AT o nged e .Chelmsfc olter drm /
V{_} ,)_-."- 4 G O_{Y’O_d / Lu!(gx - .Chclm.qufc X /.\. | Munster-"’
B R\, Swindon = Breda r\qmegen o p‘
Swanseal* " « Cardiff; g . A L T\ ,k-{"u =
. . ..(Jat'f ao \ g ad o
o 7 London ® e ey | e (A e Emchoven *Essen X
nsto . . {f“ . ___-_.f 2 .
jr % = A\WOKINg ¥ paigstone = Brugge s S Vprixelles. ). S sRoe ot W“pp"”"'
| o ' Soullum )Im | ( Y e .\LI'J kmw. %Bmssel ; a‘asq{ ; ‘\ }* .9verku<.‘en Martmr
2 Exetw o Boumemomh‘ e O Eastbourne ‘/' &‘\ A }‘ 3 3 Maastncm \CVBOnn \\ ;
p A x Portsmouth “ AN Yo&( 7 Be'glquepo \0‘1 ,'/.‘\-L 3 O iy - o
tymout ' ™ LI||el1(~r5 0"‘88' le l_uegc ' ‘ \x
R S u\ **S‘(‘;—K'-*A(wq?um) g \o 3 K"""’,'l’ {5 G':&:
, \ ) \ kT
/FAm'enS / \ " \ Wlesp-a’d\efn_"g‘ .. ér

—,_. —./\’\ »,A‘;.‘A_,_kd(



4 tHHHEH

: - . . ' r .
T. ger -&yﬁuh.'wr,v\mﬂf 4 r‘
b b be . el i ate |
\ Q . - C -
: r.~.1| .. ﬁ .h 7&; L\.Tl

.. - IOYQO v‘AV&X!A 1 “A“‘
." ~ . - rﬂ -
agd i ba plid ...4



CRONC)

BBC NEWS | UK | Twitchers watch robin served rare

4 » ] [ c] 51 http://news.bbc.co.uk/1/hifuk/3545679.5tm

- ‘/Qv Google

bbc.co.uk

Real Estate ... sacbee.com Diabetes risk

IntelThoughtv Gmail VP Mail

Low Graphics version | Change edition

News Front Page

England
Northern Ireland
Scotland

Wales

Business
Politics

Health
Education
Science/Nature
Technology
Entertainment

Have Your Say
Magazine

In Pictures

Week at a Glance
Country Profiles
In Depth
Programmes

EEME SPORT

EEM ON THIS DAY

LANGUAGES
NEWYDDION

E E N EWS UK EDITION

Last Updated: Tuesday, 9 March, 2004, 11:21 GMT

E-maill this to a friend & Printable version

Twitchers watch robin served rare
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gathered in Grimsby |

to catch sight of a .
rare American robin | g5
were horrified to seefE=iss S —
it eaten by a passing P R
SparrOWhaWk. Sparrow hawks hunt insects, mammals,

birds and reptiles

They were still setting up their cameras when
the predator swooped down from a row of
drab factories and warehouses on an
industrial estate.

The young bird, from the southern US, "didn't
really live to enjoy her moment of fame," a
twitcher told the Guardian.

The robin's vivid red breast made it an
obvious candidate for a lunch date.

"It was a terrible moment," Graham
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*» Killer whales surprise twitchers
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* Hopes for big flock at bird count
24 Jan 04 | Wales

* Place your bets on the big birds
22 Jan 04 | Science/Nature

*» Birds unmoved by hi-tech
scarecrow
20 Jan 04 | South West Wales
» Farming 'killing Europe's birds'
19 Jan 04 | Science/Nature
* Fine for killing sparrowhawk
19 Jan 04 | North West Wales
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Microbes 101

 Microbes are small

e But diversity and numbers
are very high

e Most are NOT causes of
iInfectious diseases

* Little known about their T, G
diversity in most locations G i3 2y Gl 8

/ / 4
o SIS 2 e e
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Diversity of Form

Fruiting
structure




Diversity of Function

The Unusual
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Genetic and Evolutionary Diversity
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Genetic and Evolutionary Diversity
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Studying Microbes



Field Observations Are Important Tools
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Field Observations Important in Microbial Studies
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Culturing Microbes

ASM MicrobeLibrary org® Hedetniemi and Liao




The Great Plate Count Anomaly
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DNA and Microbes 1: Tree of Life
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(A) Sulfolobus (B) Escherichia coli (C) Coronosphaera
mediterranea .
RN ’ P - e
s S S Bacteri Archaea Eukaryotes
%

rRNA rRNA rRNA Taxa Characters

v v oy
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DNA and Microbes 2: Uncultured

ACTGC
ACCTAT
CGTTCG

plwhi
INININININ

ACTGC
ACCTAT
CGTTCG

@)

sequences
from one
sample all
point to the
same branch
on the tree

ACTGC

ACCTAT _’

CGTTCG

Kl

Characters

ACTGCACCTATCGTTCG
ACTCCACCTATCGTTCG
ACTCCAGCTATCGATCG
ACTCCAGGTATCGATCG
ACCCCAGCTCTCGCTCG
ACCCCAGCTCTGGCTCG

Archaea Eukaryotes
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DNA and Microbes 2: Uncultured

AP JF
Aane

N | -
~

One can
estimate cell
counts from
the number of
times each
sequence Is
seen.

ACCCC

AGCTCT _’

CGCTCG

Characters

ACTGCACCTATCGTTCG
ACTCCACCTATCGTTCG
ACTCCAGCTATCGATCG
ACTCCAGGTATCGATCG
ACCCCAGCTCTCGCTCG
A2 ACCCCAGCTCTGGCTCG

New2 ACTGCACCTATCGTTCG
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DNA and Microbes 2: Uncultured

Even with
more taxa it
still works

bl
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AGGGGAGCTCTGCCTCG
ACTCCAGCTATCGATCG
ACTGCACCTATCGTTCG

Eukaryotes



Hug et al. 2016 Bacteria
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Phyla Never Grown in the Lab

Hug et al. Nature Microbiology. A new view of the tree of life.
http://dx.doi.org/10.1038/nmicrobiol.2016.48
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Hug et al. 2016 Archaea and Eukaryotes
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Hug et al. Nature Microbiology. A new view of the tree of life.
http://dx.doi.org/10.1038/nmicrobiol.2016.48

tukaryotes

Alturcharcalos
ZIMEA]Y

T —
OO0 TT OO

! ROrmOC On

SO v

Arc hawoghod

0


http://dx.doi.org/10.1038/nmicrobiol.2016.48

Hug et al. 2016 Archaea Phyla Never Grown in the Lab

Hug et al. Nature Microbiology. A new view of the tree of life.
http://dx.doi.org/10.1038/nmicrobiol.2016.48
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DNA and Microbes 2: Uncultured
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@ Human
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Average 16S distance to nearest reference genome (NSTI)
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DNA and Microbes 2: Genomes
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Sequencing Has Gone Crazy

I Baseline information n

Cost of genome sequencing compared with
Moore's law for computers

Log scale
100,000

Cost of computing
(Moore’s law)

10,000

1,000
100
10

$ per million DNA bases
1.0

Y 1 L S L S | 0.1
1999 2002 04 06 08 10

Source: Broad Institute

1 1 1
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The Rise of the Microbiome

* Organisms are covered in a cloud of
microbes
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The Rise of the Microbiome

* Organisms are covered in a cloud of
microbes

* This “microbiome” likely is involved In
many important phenotypes
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The Rise of the Microbiome

* Organisms are covered in a cloud of
microbes

 This “microbiome” LIKELY is involved in
many important phenotypes
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The Rise of the Microbiome

* Organisms are covered in a cloud of
microbes

* This “microbiome” LIKELY is INVOLVED in
many important phenotypes
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The Rise of the Microbiome

* Organisms are covered in a cloud of
microbes

* This “microbiome” LIKELY is INVOLVED in
many important phenotypes

* This microbiome can be incredibly diverse
and vary greatly over time and space

37



Microbiome and Function

Turnbaugh et al Nature. 2006 444(7122):1027-31.



http://www.ncbi.nlm.nih.gov/pubmed/17183312#

Microbiomes and Plant Health
OPEN @ ACCESS Freely available online @ PLOS |one

A Drought Resistance-Promoting Microbiome Is Selected
by Root System under Desert Farming

Ramona Marasco’, Eleonora Rolli’, Besma Ettoumi?, Gianpiero Vigani®, Francesca Mapelli', Sara Borin’,
Ayman F. Abou-Hadid®, Usama A. El-Behairy®, Claudia Sorlini’, Ameur Cherif?, Graziano Zocchi?,
Daniele Daffonchio*

1 Dipartimento di Scienze per gli Alimenti, la Nutrizione e 'Ambiente, Universita degli Studi di Milano, Milan, Italy, 2 Laboratoire Microorganismes et Biomolécules Actives,
Université Tunis El Manar, Tunis, Tunisia and Laboratoire Biotechnologie et Valorisation des Bio-Géo Ressources, Institut Supérieur de Biotechnologie, Université de La
Manouba, Sidi Thabet, Ariana, Tunisia, 3 Dipartimento di Scienze Agrarie e Alimentari- Produzione, Territorio, Agroenergia; Universita degli Studi di Milano, Milan, Italy,

4 Department of Horticulture, Ain Shams University, Cairo, Egypt
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Plant-pathogenic
microorganisms

Recruitment of plant- Plant-beneficial
beneficial microbes microorganisms

“

S ROOT DWELLERS

pathogen-inhibitory
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Plant-pathogenic
microorganisms

Activation of plant-
beneficial microbes

TRENDS in Plant Science
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Asthma, Dust, Dogs and Microbiomes

Research Shows How Household Dogs
Protect Against Asthma, Infection

Study Led by UCSF, U Michigan Scientists Points to Changes in Gut
Microbes

share this story: [ ERE @ s+ R 6

Paws for Thought: Dogs truly
do make us healthier

A boy and his dog: How sweet it is and healthy, too! Young Guthrie, who is

learning to talk, calls Annie "Good Girl” because everyone keeps praising Annie
r hein - " irl ¥ = -

for being such a “"good girl.” Courtesy pho 09

HOW THE oveaus;up’“unaloncs

E)
IS FUELING OUR NT‘RN PLAGUES
P 9,0

MIS&ING

MARTIN J. BLASER
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Microbiome Functions

« Pathogen resistance
* Nutrient acquisition

« Stress resistance

= Drought

= Temperature

= Salinity
* General vigor and yield
* Food quality

» Spoilage

» Storage

= Flavors
= Nutrients

41



Example: Rice Microbiome
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Edwards et al. 2015. Structure, variation,
and assembly of the root-associated
microbiomes of rice. PNAS
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Rice Microbiome Variation Within Plants
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Rice Genotype Affects Microbiome
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Rice: Cultivation Site Effects
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Rice: Functional Enrichment x Genotype
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Fig. 5. OTU coabundance network reveals modules of OTUs associated with methane cycling. (A) Subset of the entire network corresponding to 11
modules with methane cycling potential. Each node represents one OTU and an edge is drawn between OTUs if they share a Pearson correlation of
greater than or equal to 0.6. (B) Depiction of module 119 showing the relationship between methanogens, syntrophs, methanotrophs, and other
methane cycling taxonomies. Each node represents one OTU and is labeled by the presumed function of that OTU’s taxonomy in methane cycling. An
edge is drawn between two OTUs if they have a Pearson correlation of greater than or equal to 0.6. (C) Mean abundance profile for OTUs in module 119
across all rhizocompartments and field sites. The position along the x axis corresponds to a different field site. Error bars represent SE. The x and y axes

represent no particular scale.
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Rice Developmental Time Series
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Major Challenge:
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Opportunities

* Probiotics for agriculture
* Manipulate environment to modify microbiome

« Match varieties to environments based on microbiome
functions and interactions

* Microbiome as target in breeding
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