Web of Life
The world from the perspective of a gene
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Food Chain

energy producer primary secondary tertiary
consumer consumer consumer
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sun —» grass —» grasshopper ——» shrew ——» owl

© 2009 Field Studies Council

* Linear Flow of energy
 Sometimes loops with decomposers

» Useful but not the whole story



Food Web

* Energy flow branched
e |_ots of links
* More accurate

representation
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Phylogeny

* Evolutionary relationships

* Linear, branching pattern

* Made in many ways




The Selfish Gene

RICHARD
DAWKINS
THE
SELFISH
GENE

* Published in 1976

» Gene-centred view of
evolution is best explanation

* Genes are not always tied to

their organism

Moz mm

© Oxford University Press




Horizontal Gene Transfer

» Genes moving from

species to species

. Bacteria Archaea Eukarya

* \/ery common In
prokaryotes
* Significance in

eukaryotes?

Common 3 !'IIZF"- ral commumi

© Barth F. Smets & Tamar Barkay




Criticisms of HGT importance

* Fixation of HGT rare
 \Vertical signal is much stronger
* Addition of new genes to network detrimental

* Only useful in changing environments



Bacterial Transformation

rough strain smooth strain | heat-killed rough strain &
(nonvirulent) (virulent) smooth strain heat-killed
smooth strain

mouse lives | mouse dies | mouse lives | mouse dies

* Frederick Griffiths, 1928

e Streptococcus pneumoniae




Bacterial Conjugation

Ch romosom al DMA, F Plasmid Ch rormosom al DMA
S

e Transfer of

plasmids ps Recipient

_ 2.
non-essential O

genes

 Can occur

Relaxasome Transferasome

between bacteria o, P
and eukaryotes Q)= O

Old Donor New Donor
© Adenosine
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HGT Example 1: Carotenoids

 No animals produce carotenoids

* Reported carotenoid synthesis in
aphids

» Carotenoids impart red or green
colouring

* Not from plants or symbionts



Clostridium botulinum

= Staphylococcus hominis

Staphylococcus aureus

Pelagibacter sp.
91 Arabidopsis thaliana

Oryza sativa
Physcomitrella patens

Synechococcus sp.

L: Pantoea agglomerans
Photorhabdus luminescens

Octadecabacter antarcticus

88 Allochromatium vinosum

81 g Rhodospirillum rubrum
—— (hodopseudomonas palustris
Rhodobacter sphaeroides

Heliobacterium modesticaldum
Micromonas pusilla

96 E Bacillus pumilus
Halobacillus halophilus

Streptom Eces griseof _
nterococcus casseliflavus

Xanthophyllomyces dendrorhous
73 p= Myzus persicae

- Acyrthosiphon pisum
81 Myzus persicae
Acyrthosiphon pisum

88

Acyrthosiphon pisum

73 p= Mucor circinelloides
LE Phycomyces blakesleeanus
Blakeslea trispora
ﬁ:PGdospora anserina
19 Aspergillus oryzae
= Neurospora crassa

| EX Gibberella fujikuroi
Nectria haematococca

ir Pyrenophora ftritici-repentis
Phaeosphaeria nodorum

ﬁ

80

Ustilago maydis

Halorhabdus utahensis

Methanothermobacter thermautotrophicus
Methanoculleus marisnigri

e (Gramella forsetii

55

——— Flavobacteriaceae bacterium

Corynebacterium glutamicum
Thermobaculum terrenum

- Bacteria == Plants

© 2010 Science

98 = (Gramella forsetii
! Flavobacteriaceae bacterium
Halorhabdus utahensis
- Streptomyces griseus
Deinococcus geothermalis
Synechococcus elongatus
Tagetes erecta
Oryza sativa
74 % Arabidopsis thaliana
Triticum aestivum
Physcomitrella patens
— Roseiflexus castenholzii
= Rhodopseudomonas palusiris
== Bradyrhizobium sp.
Rhodobacter sphaeroides

= Rhodospirillum rubrum
Octadecabacter antarcticus
89 | Xanthophyllomyces dendrorhous

91

Rhodosporidium sp.
78§ Phycomyces blakesleeanus
85 Blakeslea trispora
Mucor circinelloides
= Acyrthosiphon pisum
e Acyrthosiphon pisum
.I_Acyrrhosiphon pisum
Myzus persicae
Ustilago maydis
— Pyrenophora tritici-repentis
E’haeosphaen’a nodorum
b

733 Neurospora crassa
s2 1 — Podospora anserina

Aspergillus oryzae
Neclria haematococca
84 Gibberella fujikuroi

89 | Photorhabdus luminescens
Pantoea agglomerans

= Fungi




HGT Example 2: Syncytins

Laurasiatheria

* Retroviral origin

* Cell-cell fusion

e Essential for placentation
* Independently acquired In

multiple lineages, incl.

humans

. I
© 2012 Proceedings of the National Academy of Sciences



The Microbiome

* Microbes are everywhere

1,7 x10°—-40 x 10° viruses m=air

*0,9 x 10° — 11 x 10° bacteria m~ air

» 10X more bacterial than human
cells

* Mitochondria is endosymbiont

* Influenced by mode of birth

19)IOA MBN O



Implications for identity

Aliivibrio fischeri &

Euprymna scolopes

PE}SOWIQ SEle ©

Rhizobium & legumes

loysooejeluiN @

Main functions of gut flora

Metabolic

Fermentation of non-digestible dietary residue and endogenous
mucus: salvage of energy as short-chain fatty acids, production
of vitamin K, absorption of ions

Trophic
Control of epithelial cell proliferation and differentiation;
development and homoeostasis of the immune system

In humans...

Protective
Protection against pathogens (the barrier effect)

© 2003 The Lancet




Implications for identity

NIH Swiss mice BALB/c mice

SPF GF GF

/] + NIH Swiss cecal content ¥ /] + BALB/c cecal content

. + Balb/c cecal content . + NIH Swiss cecal content

2003 Current Opinion in Microbiology

 Microbiome alters behaviour in mice

» Toxoplasma gondii infection alters rat behaviour



Micro Example: Faecal Transplants

o C. difficile infection causes diarrhoea to inflammation
of colon

* Treated with antibiotics but recurs with decreasing
susceptibility

e Faecal transplant can restore microbial balance

o Effective in 145/166 (87%) of reported cases



Micro Example: Faecal Transplants

- * Trial stopped early

P=0.001

SN - 15/18 (83%) with
r ]

P=0.003

T e vancomycin
recurrence cured

 Minimal side effects
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e |Increased microbial

~ First Infusion  Infusion of Donor  Vancomycin  Vancomycin with d ive rS ity

of Donor Feces  Feces Overall (N=13) Bowel Lavage
(N=16) (N=16) (N=13)

© 2013 New England Journal of Medicine




CANADA
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Toronto hospital building a
revolutionary ‘poop bank’ as
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Conclusions

e Genes are mobile

 “Individuals” can
be more than one
species

* Fluidity of living
organisms needs

to be kept in mind

© 2011 Nature
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