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WHO I AM…
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 University of Trieste: 
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APPROXIMATIVE SYLLABUS?

 Molecular Genetics in Ecology 1h
 Molecular Biology for Dummies 9h
 Molecular Markers in Ecology 4h
 Population Genetics 6h
 Conservation Genetics 2h
 DNA Sequencing and Analysis 4h
 Comparing Genomes 2h
 Structure and Function in Communities

4h
 Stress Responses 4h
 Variation and Adaptation 2h
 Studying Ecologically Important Traits: QTL 

Analysis, and Reverse Genetics 2h



INTRODUCTION
 Perhaps the most signifcant development in 

molecular ecology in the past 10 years has been in 
the area of ecogenomics. 

 Ecogenomics moves away from the more 
traditional approach of using neutral (non-
adaptive) molecular markers to infer patterns of 
genetic diversity and gene fow, and instead 
attempts to provide an understanding of adaptive 
gene functions in an ecological context.



WHAT IS MOLECULAR ECOLOGY?

 Over the past 25 years, molecular biology 
has revolutionized ecological research.

 genetic diversity
 track the movements of individuals
 measure inbreeding
 identify the remains of individuals
 characterize new species
 retrace historical patterns of dispersal



WHAT IS MOLECULAR ECOLOGY?

 genomic techniques for:
  the functioning of diferent genes
 the ways in which evolutionary adaptations (or 

lack thereof) can determine whether an 
organism will be able to survive a changing 
environment.

 cost-efective molecular genetic 
 identifying the geographic source of invasive 

species from only a few samples or without any 
direct evidence

 monitoring populations of elusive species



THE EMERGENCE OF MOLECULAR 
ECOLOGY

 Ecology = how organisms in the wild interact 
with one another and with their physical 
environment. 

 Field observation or experimental 
manipulations.

 But … phenotypic data have some 
limitations



THE EMERGENCE OF MOLECULAR 
ECOLOGY

 The wing patterns of 
African butterfies in 
the genus Bicyclus will 
vary depending on the 
amount of rainfall 
during their larval 
development period; as 
a result, the same 
genotype can give rise 
to either a wet season 
form or a dry season 
form (Roskam and 
Brakefeld, 1999).



THE EMERGENCE OF MOLECULAR 
ECOLOGY

 phenotypic plasticity



THE EMERGENCE OF MOLECULAR 
ECOLOGY

Characteristic Environmental 
infuence

Example

Sex Temperature during embryonic 
development

Eggs of the American snapping 
turtle Chelydra serpentina develop primarily 
into females at cool temperatures, primarily 
into males at moderate temperatures, and 
exclusively into females at warm 
temperatures (Ewert et al., 2005)

Growth patterns in 
plants

Soil nutrients, water availability Southern coastal violet (Viola septemloba) 
allocated a greater proportion of biomass to 
roots and rhizomes in poor-quality 
environments (Moriuchi and Winn, 2005)

Leaf size Light intensity Dandelions (Taraxacum ofcinale) produce 
larger leaves under conditions of relatively 
strong light intensity (Brock et al., 2005)

Migration between host 
plants

Age and nutritional quality of host 
plants

Diamondback moths (Plutella xylostella) 
most likely to migrate as adults if the 
juvenile stage fed on mature plants 
(Campos et al., 2004)

Feeding-related 
morphology

Food availability Sea urchin larvae (Strongylocentrotus 
purpuratus and S. franciscanus) produce 
longer food-gathering arms and smaller 
stomachs when food is scarce (Miner, 2005)

Plumage coloration Carotenoids in diet The plumage of male house fnches 
(Carpodacus mexicanus) shows varying 
degrees of red, orange and yellow 
depending on the carotenoids in each bird’s 
diet (Hill et al., 2002)



PROTEIN ALLOZYMES

 in the ‘60s gel electrophoresis of 
allozymic proteins 

 The very frst direct information on some of 
the genetic properties of individuals, 
populations, species and higher taxa



PROTEIN ALLOZYMES

 NOT DNA MARKERS!



PLEASE REMEMBER…

 not all variations in DNA 
sequences will translate into 
variable protein products

 Less than 2% of the human 
genome, for example, codes 
for proteins 

 DNA markers are now the 
most common source of 
data in molecular ecology



DNA sequence–based trophic 
ecology

Trophic interactions 
represent the primary 
data for investigations 
ranging from single 
species conservation 
through to the resolution 
of community food 
webs.



DNA sequence–based trophic 
ecology

The expansion of publicly available genomic
resources, technical advances in PCR amplification, the
development of next-generation DNA sequencing tech-
nology and increased understanding of the degradation

properties of DNA sequence have been capitalized
upon to refine and improve the general approach of

developing species-specific primers





The main challenges and priorities for 
DNA sequence–based trophic ecology

 Development of methods that provide 
accurate and unbiased identification of all 
resource species.

 Development of methods that provide 
accurate and unbiased quantitative estimates 
of the proportional representation of resource 
species



The main challenges and priorities for 
DNA sequence–based trophic ecology

 Elimination of DNA amplification step

  

 Evaluation of diet preferences of consumers.



Influential passengers: microbial 
diversity

within multicellular organisms

 Cohabiting microorganisms (bacteria, fungi, 
protists) play diverse roles in the biology of 
multicellular hosts.





Visualization of host and associated microbial genomes in two 
systems.



Gene expression and CGC
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