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About Brazil?

Country of "megabiodiversity“

One of the richest places in the world in the segment of higher plants,

freshwater fish, mammals, amphibians, birds and insects…

Brazil: ~20 % of the biological diversity

As in the rest of the world, little is known about the microbial diversity in

Brazilian environments ....



Brazilian Biomes



Effect of Sugarcane Burning or Green Harvest Methods on 

the Brazilian Cerrado Soil Bacterial Community Structure

Brazilian Cerrado (neotropical savanna 

vegetation) covers more than 20% of the 

country’s surface and is one of the most 

diverse biomes (major biotic community) in 

the world. In addition, this biome is 

classified as a high-priority area for 

biodiversity conservation 

around 40% of the Cerrado land has been 

converted for agricultural and livestock 

production, a process that has been very 

active during the last two decades .

This scenario has resulted in the Cerrado 

region producing 49% of the grain, 41% of 

the milk and 40% of the beef in Brazil 
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Figure 3. The general distribution of different OTUs among and within the samples and the relative frequencies 
of the phyla found in each situation (only the classified sequences).

Rachid CTCC, Santos AL, Piccolo MC, Balieiro FC, et al. (2013) Effect of Sugarcane Burning or Green Harvest Methods on the 

Brazilian Cerrado Soil Bacterial Community Structure. PLoS ONE 8(3): e59342. doi:10.1371/journal.pone.0059342

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0059342

The number of exclusive OTUs was much 

higher than those shared between 

treatments. This result reveals a high level 

of local microniche selection. However, 

these OTUs were represented by a very 

small proportion of sequences, indicating 

that they were basically composed of rare 

organisms.

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0059342


Figure 4. The NMDS ordination of the pyrosequencing data of Cerrado (CE), Green Cane (GC) and Burnt Cane (BC) 
samples.

Rachid CTCC, Santos AL, Piccolo MC, Balieiro FC, et al. (2013) Effect of Sugarcane Burning or Green Harvest Methods on the 

Brazilian Cerrado Soil Bacterial Community Structure. PLoS ONE 8(3): e59342. doi:10.1371/journal.pone.0059342

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0059342

Our results reveal a complex bacterial 

diversity, with a large fraction of 

microorganisms not yet described, 

reinforcing the importance of this biome.

As possible sign of threat, the qPCR

detected a reduction of the bacterial 

population in agricultural soils compared 

with native Cerrado soil communities. 

We conclude that sugarcane cultivation 

promoted significant structural changes in 

the soil bacterial community, with 

Firmicutes phylum and Acidobacteria

classes being the groups most affected.

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0059342


Mangroves



Evaluation of different strategies for bioremediation 

of mangroves
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Microcosms



Producing plants to use in the mangrove

revegetation

Field Experiment



Field Experiment





Field experiment



Results...

Stimulation of mangrove´s plant growth, hydrocarbon
degradation, maintenance of the native microbiota

EMM

Besides having contributed with an extensive survey 
of microbial diversity in a Brazilian mangrove, this  
work,  was the first one that used different strategies 
for “in situ bioremediation”  in a Brazilian mangrove 
and molecular techniques for microbial monitoring.



- 2010



Marambaia - RJ

Microbial communities as indicators of 

environmental conditions

Decisions guiding environmental management need 

to be based on a broad and comprehensive 

understanding of the biodiversity and functional 

capability within ecosystems. 

Microbes are of particular importance since they 

drive biogeochemical cycles, being both producers 

and decomposers. 

Their quick and direct responses to changes in 

environmental conditions modulate the ecosystem 

accordingly, thus providing a sensitive readout.



Microcosms
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5% Oil
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Figure 5. Venn Diagram evaluating the time of oil exposure.

dos Santos HF, Cury JC, do Carmo FL, dos Santos AL, et al. (2011) Mangrove Bacterial Diversity and the Impact of Oil 

Contamination Revealed by Pyrosequencing: Bacterial Proxies for Oil Pollution. PLoS ONE 6(3): e16943. 

doi:10.1371/journal.pone.0016943

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0016943

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0016943




Diversity and functional activity of the 

microbiota associated with endemic corals of 

Brazil against environmental changes



Coral reefs constitute ecosystems that harbor a myriad of interwoven species. 

These ecosystems have key roles in the maintenance of marine biodiversity. 

Although coral reefs account for only

0.1% of the total ocean area, they host 25% of all marine macro-organisms 

that live in the oceans

Corals live in symbiotic relationships with a

plethora of organisms, including endosymbiotic

dinoflagellate algae (zooxanthellae), bacteria,

archaea and fungi ....The whole association has been

described as a holobiont (Rosenberg et al., 2007)



METHODS

20 independent tanks of 300 liters.

Sea water is pumped directly from the reef 
environment near the research station.

5 L/min

Complete renovation every ~ 1 h

The environmental parameters are monitored once a day, between 10.00 and 15.00:

Temperature, pH, water salinity

Levels of nitrogen, phosphorus, calcium and inorganic carbon



Aims

The effects of global climate 
change

The current study aimed to

foster our understanding of the 

effect of increases in seawater 

temperature on the abundance and

diversity of diazotrophic microbial 

populations associated with the 

coral Mussismilia harttii.



Climate change affects key nitrogen-fixing bacterial populations on coral reefs

Santos et al., 2014 ISME J (in press). 









Maritime Antarctic : Islands and

Peninsula

Continental Antarctica

 The Antarctic continent experiences severe environmental conditions 

such as extreme cold, broad temperature fluctuations, abrupt chemical 

gradients and low carbon and nitrogen supply. 

 soil conditions in the Antarctic are typically dry, cold, low in carbon and 

nitrogen, often highly alkaline, and in summer subject to daily freeze–

thaw cycles and solar radiation 

Nasa.gov/images

Antarctica

In some locations, Maritime Antarctic have 

warmed at rates almost an order of 

magnitude greater than the global mean. 



In the Maritime Antarctic region, this increase in

temperature has led to the thaw of glaciers, that

exposed new areas of land (Convey and Smith,

2006), which could further increased the

distribution of vascular plants (Fowbert and Smith,

1994).

only two native vascular 

plants in Antarctica….



Deschampsia antarctica

Desv. (Poaceae)
Colobanthus quitensis

(Kunth) Bartl. (Caryophyllaceae)
Hill et al, 2011 Nature Climate Change

Uptake of short peptides, instead Nitrate or Ammonium



ornithogenic soils

Simas et al., 2008, Aislabie et al., 2009

In the Maritime Antarctic, densely vegetated 

sites are often related to bird activities Organic 

matter rich in carbon, nitrogen and phosphorus 

is added to the soil in the form of guano, 

feathers, eggshells and birds remains which 

leads to the formation of so-called ornithogenic 

soils
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Our goal...

Study the diversity of bacterial community present in the rhizospheres of 

two vascular plants, D. antarctica and C. quitensis in Admiralty Bay, King 

George Island, observing possible changes in bacterial community 

structure according to plant species.

SSU rRNA
Pyrosequencing

DGGE
Abiotic
factors
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SSU rRNA Pyrosequencing Results

GS FLX 454

Microbial diversity in the Antarctic 

Continent using pyrosequencing

About 25,000 sequences of DNA 

fragments identified 
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Pyrosequence library – Phylum distribution

The phylum distribution presents a peculiar pattern. 
Firmicutes = the most abundant phyla 

Teixeira et al, 2010

ISME J.



In a generally way, only minor differences were observed in bacteria rhizosphere communities 
in response to different plant species or sample site

Pyrosequence library – Phylum distribution



Conclusion

•.., the phylum distribution presents a peculiar pattern. Firmicutes was 

the most abundant phyla in all analyzed samples. 

•Clostridia class represented more than 70% of all Firmicutes obtained 

sequences in all analyzed samples, which indicate a high anaerobic 

frequency in these samples, followed by Bacilli which represented about 15% 

of all Firmicutes sequences. 

• The analyses of Actinobateria phyla revealed the high dominance of 

the order Bifidobacteriales. 

 



Are there differences between the bacterial communities in 

the rhizospheres and soil with no vegetation ?...and in soils 

with different levels of birds influence?

…compare bulk soils and rhizospheres 

from different sampling sites

Plant and bird presence strongly influences the microbial 

communities in soils of the Admiralty Bay, King George Island, 

Maritime Antarctica

Lia C.R.S. Teixeira, Etienne Yergeau, Fabiano de C. Balieiro, Marisa C. 

Piccolo, Raquel S. Peixoto, Charles W. Greer  and Alexandre S. Rosado 

Plos One 2013



Pontos de coleta

CopacabanaDemay Point

Baía do Almirantado

Pico Norte

Local de 
coleta

D. antactica C. quitensis Soil

Arctowski 3 3 3

Ipanema 3 3 3 

Química 3 3 3

Demay Point 3 3 3

Copacabana 3 - 3 

Pico Norte 3 - 3 



DNA Microarray –

Psichrophiles

Real Time-PCR

Target Primers (For./Rev.)
Anneling 

temp. (°C)
Reference

Total Bacteria 16S Eub338 / Eub518 53 Fierer et al., 2005

Acidobacteria Acid31 / Eub518 50 Fierer et al., 2005

Actinobacteria Actino235 / Eub518 60 Fierer et al., 2005

Alphaproteobacteria Eub338 / Alf685 60 Fierer et al., 2005

Bacteroidetes Cfb319 / Eub518 65 Fierer et al., 2005

Betaproteobacteria Eub338 / Bet680 60 Fierer et al., 2005

Epsilonproteobacteria Eps549 / Eub338 56 Lin et al., 2006 / Fierer et al., 2005 

Firmicutes Firm934 / Firm1060 60 Guo et al., 2008

Gammaproteobacteria Eub518 / Gamma871 56 Fierer et al., 2005 / Muhling et al., 2008

Yeargeu et al. 2009



Distribution of the main groups quantified by real-time PCR for 

the soil samples from six collection points along the Admiralty 

Bay.

Actinobacteria, Firmicutes and Proteobacteria, most representative phyla of soil and 

rhizosphere of Admiralty Bay.

Bacterial diversity in soils from other parts of the world also had similar results, except for the phylum 

Firmicutes (Janssen, 2006; Roesch et al., 2007, Lauber et al., 2009).



rhizosphere effect ?

Red dots represent Colobanthus 

quitensis;

Green dots represent 

Deschampsia Antarctica; 

yellow dots represent bulk soil 

samples. 

Test for significant difference between rhizosphere soils and 

bulk soil using PermANOVA for all the different sites 

(microarray data).

Arctowski Copacabana Demay Point Ipanema
North 

Mountain
Quimica

R2 0,6335 0,7203 0,3024 0,4809 0,411 0,4224

P 1,00E-04 0,0465 0,2129 0,0095 0,0779 0,0325

YES



Pygoscelis antarctica -

Demay

Pygoscelis adeliae -

Arctowski

P. papua - Copacabana

Differences in microbial community structure and relative abundance in bulk 

soil between sampling sites.

Copacabana

Arctowski and Demay
Q and I



Based on these results, we can hypothesize that not only will climate 

change directly influence Antarctic soil microbial communities, but it will 

also indirectly influence them through changes in plant and bird 

populations.

the presence of vascular plants (D. antarctica and C. quitensis) and of 

birds plays important roles in shaping the microbial communities of 

Antarctic soils. 

For the bird influence, the effect varied with the level and the type of 

ornithogenic input and, in highly ornithogenic soils, seemed to be also 

modulated by the species of bird present, due to differences in diet. 



Isolation Taxonomy prospection



collection of more than 350 bacterial 

isolates are being studied 

taxonomically: 

characterization of new genus and new 

bacterial species from  Antarctic terrestrial 

ecosystems (polyphasic taxonomy)

“Antarctic microbes live life to the 

extreme”



“Warm” proteases from Sporosarcina 

aquimarina and Algoriphagus antarcticus

isolated from Antarctic soil samples

. 

Five new “cold” proteases being biochemically 
characterized

Bioprospection              Search for new enzymes
Antarctic 

bacterial isolates 

that produce cold-

active 

extracellular 

proteases

Temperature (°C)



• Brazilian Microbiome Project: Revealing The Unexplored
Microbial Diversity — Challenges and Prospects



• The BMP aims to assemble a Brazilian Metagenomic

Consortium/Database.

• At present, many metagenomic projects underway in

Brazil are widely known, and our main goal is to co-

ordinate and standardize these, together with future

projects.

Goals

This is the first attempt to collect and

collate information about Brazilian

microbial genetic and functional

diversity in a systematic and holistic

manner.



Development

1

2
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4
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6

7

Collate information regarding all microbiome-based studies in Brazil

Evaluate all methods applied so far in each study

Evaluate selected methods by using actual samples

Select and standardize methods and data analyses

Design the BMP database (sequences and related metadata)

Develop friendly tools for data analyses

Implement, monitor and adjust the database





Further information: http://brmicrobiome.org

Email: contact@brmicrobiome.org
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