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Today’s talk:
A primer on Microbiology: Its all bacteria!
DNA at the origin of life and biodiversity

Cuatrocienegas, Coahuila
§ Geology, ponds in a desert, and  phosphorus limitation
§ Diversity: How we study it through DNA
§ Is Cuatrocienegas a Lost world?

Community assembly, focus on the genus Bacillus
• Interactions, food web-like

Synthetic Ecology
• How bacterial competition influences the

structure of bacterial communities 
� Emergent properties and early response to antagonism



Bacteria grow exponentially and divide every 40 min 
Each colony on these Petri dishes started as a single cell

“last night”

Water sample Sediment sampleSoil sample

All cultured in Marine Medium in a Petri dish

Colony 
100 million bacteria

Community:  a 
group of species



Your body has more bacteria 
than cells

• Human microbiome:  
All the bacteria in your
body

• 3,000,000,000,000
bacteria (3 times more 
than human cells)

• How can we count
them?



Evolutionary studies through DNA

The affinities of all the beings of the same class 
have sometimes been represented by a great 
tree. I believe this simile largely speaks the 
truth.
— Charles Darwin



Bacteria

The tree of life

Opisthokonta

Archea

Eukaryotes

Metazoans 
(worms, 
vertebrates)



Dispersion of organisms on Earth



• Cell, Oh and Byrd et al.: "Temporal Stability of the 
Human Skin Microbiome"

How can our skin microbiome be 
stable?

Different bacterial 
communities



The DNA molecule explains the Planet Earth’s
diversity

A

C

G

T

Obtain “the sequence” of any 
organism’s DNA (the information for 
all their genes =  the genome)

The new taxonomy (count, classify)

Obtain valuable information of its 
family relations (past millions of 
years) 

Deduce evolutionary patterns and 
functions



We are but a tiny part of the 
biodiversity: Opisthokonta

Metazoans



Metazoan Evolution, a combinatorial of genes



Barcodes to identify bacterial species: 16S ribosomal gene 
is de oficial I.D.

E. coli

Acetobacter

Campylobacter

GGAACCTT

TTCCAAGG

GTTCGAGG

DATA BASE

GGAACCTT

GTTCGAGG

TTCCAAGG

Aislado 1

Aislado 2

Aislado 3



Metagenome, when you can’t count one by
one: windshield spatter analysis

Insect’s diversity in 
a given transect

Colect the death
bugs, sequence
thieir DNA

Check database for
identity

Kosakovsky Pond et al. 2006



A huge task to describe life’s diversity

“The several hundred kinds of howthorns laugh 
at the single name they are forced to share”

The overstory, R. Powers

(Howthorns: in spanish, espinos)



Sequences are aligned and “trees”  are constructed to 
reflect genetic relationships



The diversity and evolutionary history 
of  howthorns told by their DNA

Evolutionary history of Chinese Crataegus (Bayesian 
clustering algorithm with admixed models, Hubisz et 
al., 2009)

Xiao Du et al. Frontiers in 
Plant Science 2019

Tejocote

China

North America

https://www.frontiersin.org/articles/10.3389/fpls.2019.00443/full


One of the main objectives in the 
field of microbial ecology is to be 
able to project a future scenario 

of microbial community 
structure and functions in a 

changing environment 



Cuatro Cienegas, Coahuila, Mexico

Irapuato, Guanajuato
Mexico City

Coahuila

Cancun



Where was Coahuila 
100 millon years ago?

Coahuila

Today



Cuatro Ciénegas: One of the most
biologically rich and diverse ecoregions

in the world

An interior basin containing hundreds of spring-
fed pools in a desert environment

Half of the 20 species of fish, and 23 of the 34 
species of freshwater mollusks are endemic
(i.e. Cichlasoma minckleyi)

Extremely low leves of phosphorus limit size of 
living organisms in ponds but not
diversity…there is an amazing diversity of 
bacteria 



1
Ponds in 

Cuatrociénegas

stromatolites



Stromatolites: evidence of 
appeareance of life on Earth

NATURE|Vol 448|30 August 2007

P-O-CP-CFósforo

P-O-C P-CPhosphite

Cu



Microbial mats:  The Earth’s biochemistry invented  
through evolution

Phototrofs oxigenic

Phototrofs oxigenic

Phototrofs
anoxigenic

Sulfooxidant

Sulforreductors
Evolution of the 
planet’s chemistry 
and its atmosphere



Has 57 out of 
the 86 known 
Bacteria phyla, = 
66.28% of the 
world known 
biodiversity

Bacteria diversity at the Churince water system
in Cuatrocienegas

Metagenomic data, eLIFE 2018

16 S rRNA analysis, OTUs
defined at 97% similarity



Bacillus

Now I’ll tell you about my favorite bacteria: the
Bacillus genus

Our group has a 
collection of 
about 1800 

Bacillus strains
from

Cuatrociengas



Dendogram	of	the	1284	strains	of	the	
genus	Bacillus	reconstructed	from	16S	
rRNA.	All	taxa	have	a	sequence	divergence	
over	97%.		

At	Cuatro	Cienegas	we	uncovered	25%	of	all	known		
Bacillus	species	diversity	

!
!

	WORLD:	1019	OTUs	
CCC:	265	OTUs	

26%	of	Bacillus	
species	are	
from	CC	

Souza et al. 2018. The lost
world of Cuatro Cienegas Basin, 
a relictual bacterial niche in a 
desert oasis eLIFE, accepted



Conceptual frame-work of species diversification: 
name of the game, limit gene flow

occurs in most plants and animal phyla 

adaptive radiation due to isolation ancestral isolation and diversification 



The core of my work: understanding how
microbial communities are ensambled

The site- to-site variation in species 
composition due to stochastic processes is 
unpredictable. 

This is called Compositional stochasticity. 

Stocastic Model
(birth, death, extinction, speciation)

Random selection from the environment

Equivalence of species, 
any green or blue bacteria 
will do 

Green species

Blue species



Complex network of interactions in 
communities lead to competitive phenotypes

Deterministic model
Niche theory: all 
species/individuals are 
ecologically and functionally 
different and environments 
play important roles in 
governing species abundance 
and distribution 

Competition

Cooperation



To understand bacterial diversity we have to count
species and genes

3,600 (405)

3,640 (576)

3,626 (470)

ID GENE
16S rRNA

Conserved genes: 
general metabolism
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Gómez Lunar et al., Frontiers in Microbiology, 2016
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Functional diversity supports a deterministic model

B. cereus B. horikoshii

B. aquimaris

B. pumilus

B
. s

ub
til

is

B. megaterium

Swimming

Collective movement
(Swarming)
Biofilm formation

Make their own food
(Prototrophy)

Rodríguez et al. Frontiers in 
Microbiology, 2017



How significant is diversity in a deterministic model?
Enzymes (genes) are public goods

Pi

Phosphatase

Phosphonatase

DNase

CaPO4

DNA

Phosphite

Phosphonate
Pi

Pi Pi

Phosphorus utilization is a 
distributed trait

The enzymes are public goods: 
some bacteria contribute but
everybody benefits

Genes for phosphorus utilization
transfer between the bacteria in the
community

Expanded capabilities for P utilization

The environment is modified!

Tapia-Torres, Y., et al. Appl. Environ. Microbiol. 2016

All is converted to edible Pi outside the cells



At what scale should communities be 
studied? Will each simple be different?



The Churince water
system 350 m long

Approx. 30 m 
between consecutive
sampling sites

Microbial Ecology: Evaluate interactions among
members of sediment communities

Sample: 0.05 ml

Deterministic hypothesis
Community structure is 
influenced by antagonic
interactions?

Compare interference 
within-site and across-site, 
interactions  would be 
different.

Relevant for diffusion of metabolites



Pérez-Gutiérrez,  et al. 2012

Antagonic  interactions

Antagonists 
An

ta
go

ni
ze

d



Network representation of 
antagonisms

Each strain is a node

Hierarchical network
showes
Directionality



Networks of antagonic interactions in Bacillus spp.

Perez-Gutiérrez et al. ISME J 2013

ROLES: For each
isolate define 
whether it is
antagonic, 
resistant, or
sensitive



Zapien et al. Frontiers
in Microbiology 2015

Initial state Final state
Cellular automaton, simulation of the spacial
organization of isolates with different
antagonism/resistance properties

In a structured space antagonist bacteria 
don’t lead sensitive bacteria to extintion

Antagonistic ResistantSensitive



Perturbations resut in the extintion of 
sensitive bacteria, structure is essential



Synthetic Ecology 111 (B. cereus)

20a (B. horikoshii)

145 (B. pumilus)

Resistant and 
non 
Antagonistic

Resistant and 
Antagonistic

Non resistant and 
non antagonistic

- Different colony phenotypes to count 
even in mixtures 
- Different species to identify their genes 
in transcriptome



Setup of interaction experiments

Interacción	de	resistentes,	antagonistas	y	sensibles	

•  Fase	exponencial	
•  Ajustar	volumen		con	medio	
•  Tomar	muestra	en	los	Rempos:	0,	15,	30	y	60	min.	
•  Plaquear	las	diluciones	-4,	-5,	-6.	

R	

A	

S	

A	

S	

Double interactions Triple interactions

Interacción	de	resistentes,	antagonistas	y	sensibles	

•  Fase	exponencial	
•  Ajustar	volumen		con	medio	
•  Tomar	muestra	en	los	Rempos:	0,	15,	30	y	60	min.	
•  Plaquear	las	diluciones	-4,	-5,	-6.	

R	

A	

S	

A	

S	

Plate on Marine Medium Agar after 0, 5, 15, etc.  min
Stock	
-80	°C	

Plaquear	
Incubar	48	h	
28	°C	

Preinóculo	
28	°C	
14		h	

200	rpm	

200	rpm	
28	°C	
7	h		

100	µl	Preinóculo	

6	ml	de	culRvo	
Centrifugar	max.	
Velocidad	2	min	

Decantar	
Lavar	con	TE	
Vortex	
Centrifugar	

Resuspender	
con	2	ml	de	buffer	

AcRvar	membranas		
en	TE,	55	°C,	30	min	

Ajustar	
membranas	 Montar	membranas	

en	vasos	estériles	

Llenado	de	
membranas	

Shock	80	°	C	
30	min	

Plaquear	
Incubar	48	h	
28	°C	



Rapid killing of the sensitive strain in a non-
structured environment, followed by

stabilization

1 E8
2 E8

6 E8

4 E7
2 E7
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25% killing of the sensitive strain in the first
five minutes, but stabilized 30 min later

A S

S strain, w/o 
interaction



Emergent property 1
Killing is prevented in the presence of the resistant

strain

$V� DQ� DSSURDFK� WR� HOXFLGDWH� WKH� UROH� RI� WKH� �5�� VWUDLQ�� LW� ZDV� SURSRVHG� WKH�
UHDOL]DWLRQ� RI� FHOOXODU� DXWRPDWD�� XVLQJ� H[SHULPHQWDO� GDWD� ZH� JHQHUDWH� YDULDEOHV�
WKDW�IHHGHG�WKH�DXWRPDWRQ�VXFK�DV�GRXEOLQJ�UDWH��PRUWDOLW\�UDWH��FDUU\LQJ�FDSDFLW\��
SURSRUWLRQ� RI� VWUDLQV� � DQG� DQWDJRQLVP��7KH� YDULDEOHV� WKDW� ZHUH� WHVWHG�ZHUH� WKH�
SURSRUWLRQ�RI� WKH�VWUDLQV��SUREDELOLW\�RI�H[WULQVLF�GHDWK� �QRW�E\�DQWDJRQLVP��DQG� LI�
WKH� LQWHUDFWLRQ� ZDV� PL[HG� RU� QRW�� 7KH� FHOOXODU� DXWRPDWD� VKRZHG� WKDW� WKH� PRVW�
LPSRUWDQW�IDFWRU�ZDV�WKH�SURSRUWLRQ�RI��³5³�DQG�WKH�H[WULQVLF�GHDWK��
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�� 6WHLQ��5��5���%XFFL��9���HW�� DO�� ��������(FRORJLFDO�PRGHOLQJ� IURP� WLPH�VHULHV� LQIHUHQFH�� LQVLJKW� LQWR�

G\QDPLFV�DQG�VWDELOLW\�RI�LQWHVWLQDO�PLFURELRWD��3/R6�&RPSXW�%LRO���������H��������
�� 0RXQLHU��-���0RQQHW��&���HW��DO����������0LFURELDO�LQWHUDFWLRQV�ZLWKLQ�D�FKHHVH�PLFURELDO�FRPPXQLW\��

$SSOLHG�DQG�HQYLURQPHQWDO�PLFURELRORJ\�����������������
�� 3DMDUHV�� 6��� %RQLOOD�5RVVR�� HW�� DO�� �������� 0HVRFRVPV� RI� DTXDWLF� EDFWHULDO� FRPPXQLWLHV� IURP� WKH�

&XDWUR� &LHQHJDV� %DVLQ� �0H[LFR��� $� WRRO� WR� WHVW� EDFWHULDO� FRPPXQLW\� UHVSRQVH� WR� HQYLURQPHQWDO�
VWUHVV��0LFURELDO�HFRORJ\�����������������

$FNQRZOHGJPHQW
� �
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1XPHURXV� DQG� GLYHUVH� VSHFLHV� LQWHUDFW� LQ� PLFURELDO� FRPPXQLWLHV�� DQG�
DOWKRXJK�PDQ\�PHPEHUV�FDQ�HQJDJH�LQ�QHJDWLYH�LQWHUDFWLRQV��DOO�WKH�VSHFLHV�
FDQ� FRH[LVW�� 7KH� FRQGLWLRQV� DOORZLQJ� WKLV� FRH[LVWHQFH� DUH� ODUJHO\� XQNQRZQ��
DOWKRXJK� VSDWLDO� VWUXFWXUH� LV� FRQVLGHUHG� DQ� LPSRUWDQW� IDFWRU� RI� VWDELOLW\�� 2XU�
JURXS�VWXGLHV�WKH�GLYHUVLW\�DQG�LQWHUDFWLRQV�LQ�VHGLPHQW�FRPPXQLWLHV��DQG�ZH�
KDYH� VKRZQ� WKDW� VWUDLQV� KDYLQJ� GLIIHUHQW� UROHV� LQ� DQ� HFRORJLFDO� QHWZRUN� FDQ�
FRH[LVW�GHVSLWH�WKH�DQWDJRQLVP�DPRQJ�VRPH�RI�WKHP���
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FRPPXQLW\�ZH�VHW�XS�D�FRQIURQWDWLRQ�DVVD\�ZLWK�WKUHH�VWUDLQV�KDYLQJ�GLIIHUHQW�
UROHV� LQ� DQ� LQWHUDFWLRQ�QHWZRUN�� QRQ�DQWDJRQLVW� DQG� UHVLVWDQW� �5��� DQWDJRQLVW�
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WR�GLIIHUHQW�%DFLOOXV�OLQHDJHV�DQG�ZHUH�LVRODWHG�IURP�VHGLPHQW�FRPPXQLWLHV�RI�
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$���HW�� DO��������� 7KH� H[SHULPHQWV�ZHUH� SHUIRUPHG� LQ� OLTXLG�PHGLXP� IRU� WKH�
LQWHUDFWLRQV� WR� RFFXU� LQ� D� ZHOO�PL[HG� LQWHUSOD\� �QRQ�VWUXFWXUHG� HQYLURQPHQW��
DQG�WKHQ�SODWHG�RQ�D�VHPLVROLG�PHGLXP�WR�TXDQWLI\�WKH�&RORQ\�)RUPLQJ�8QLWV�
�&)8��� 7KH� LQWHUDFWLRQ� WRRN� SODFH� RYHU� D� ��� PLQXWHV� SHULRG�� DQG� VDPSOHV�
ZHUH�WKHQ�SODWHG�HYHU\���PLQXWHV�
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2XU� UHVXOWV� VKRZHG� WKDW� WKH� LQWHUDFWLRQ� EHWZHHQ� $� DQG� 6� VWUDLQV� FDXVHG� D�
GHFOLQH�RI�WKH�&)8�RI�WKH�6�VWUDLQ�LQ�WKH�ILUVW���PLQXWHV�RI�WKH�LQWHUDFWLRQ��EXW�
LWV� YLDELOLW\� GLG� QRW� GHFUHDVH� IXUWKHU� ZLWKLQ� WKH� QH[W� ��� PLQ�� 8QH[SHFWHGO\��
ZKHQ� WKH�5� VWUDLQ�ZDV� LQFOXGHG� �LQWHUDFWLRQ� DPRQJ� WKH� WKUHH� VWUDLQV�� 5�� $��
DQG� 6��� WKH� DQWDJRQLVP� DJDLQVW� WKH� 6� VWUDLQ� ZDV� QRW� REVHUYHG�� 7KH�
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LQWHUDFWLRQ�����PLQXWHV��
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FRPSRXQG�KDYH�EHHQ�SURSRVHG�DV�DQ�DWWHQXDWLQJ�PHFKDQLVP��KRZHYHU�WKHVH�
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VLPXODWLRQV� WKHUH� ZDVQ¶W� SUREDELOLW\� RI� LQWULQVLF� GHDWK� DQG� LQ� WKH� RWKHU� ZDV� RI� ������ LQ� WKH� WKUHH� FDVHV� WKH�
SUHVHQFH�RI� ³5´� VWUDLQ�GHWHUPLQDWH� WKH� VXUYLYDO� RI� WKH� ³6´� VWUDLQ�� LQ� WKH� FDVH�ZLWK� LQWULQVLF� GHDWK� WKH� ³6´� VWUDLQ�
VXUYLYH�ZLWK�D�PDMRU��SURSRUWLRQ�RI�³5´�VWUDLQ��7ZR�RI�WKH�VLPXODWLRQV�UHVXOWV�LQ�WKH�H[WLQFWLRQ�RI�WKH�³6´�VWUDLQ��LQ�
RQH�RI� WKLV�VLPXODWLRQV� WKH�DXWRPDWRQ�ZHUH�SURJUDPHG� WR�EH�PL[HG�DQG� WKH�RWKHU� WKH�H[WULQVLF�GHDWK�ZDV� WRR�
KLJK����

7KH�SUHVHQFH�RI�DQ�DWWHQXDWLQJ�VWUDLQ�VHHPV�WR�EH�WKH�PRVW�LPSRUWDQW�IDFWRU�IRU�D�
FRPPXQLW\� ZKHUH� WKHUH� LV� DQ� DQWDJRQLVP� WR� DFKLHYH� VWDELOLW\�� WKLV� KDV� EHHQ�
REVHUYHG� LQ� ERWK� WKH� LQWHUDFWLRQ� H[SHULPHQWV� DQG� WKH� DXWRPDWD� UHVXOWV�� $V� D�
SHUVSHFWLYH� LW� LV� FRQVLGHUHG� WR� DGG� PRUH� YDULDEOHV� WR� WKH� FHOOXODU� DXWRPDWD� DV�
YDULDEOH�DQWDJRQLVP�RU�D�WULGLPHQVLRQDO�PDWUL[�LQ�DGGLWLRQ�WR�JHQRPLF�DSSURDFKHV�
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Islands of resistance
in a structured environment, similar to cell 

automaton

$V� DQ� DSSURDFK� WR� HOXFLGDWH� WKH� UROH� RI� WKH� �5�� VWUDLQ�� LW� ZDV� SURSRVHG� WKH�
UHDOL]DWLRQ� RI� FHOOXODU� DXWRPDWD�� XVLQJ� H[SHULPHQWDO� GDWD� ZH� JHQHUDWH� YDULDEOHV�
WKDW�IHHGHG�WKH�DXWRPDWRQ�VXFK�DV�GRXEOLQJ�UDWH��PRUWDOLW\�UDWH��FDUU\LQJ�FDSDFLW\��
SURSRUWLRQ� RI� VWUDLQV� � DQG� DQWDJRQLVP��7KH� YDULDEOHV� WKDW� ZHUH� WHVWHG�ZHUH� WKH�
SURSRUWLRQ�RI� WKH�VWUDLQV��SUREDELOLW\�RI�H[WULQVLF�GHDWK� �QRW�E\�DQWDJRQLVP��DQG� LI�
WKH� LQWHUDFWLRQ� ZDV� PL[HG� RU� QRW�� 7KH� FHOOXODU� DXWRPDWD� VKRZHG� WKDW� WKH� PRVW�
LPSRUWDQW�IDFWRU�ZDV�WKH�SURSRUWLRQ�RI��³5³�DQG�WKH�H[WULQVLF�GHDWK��

5HIHUHQFHV�
�� 6WHLQ��5��5���%XFFL��9���HW�� DO�� ��������(FRORJLFDO�PRGHOLQJ� IURP� WLPH�VHULHV� LQIHUHQFH�� LQVLJKW� LQWR�

G\QDPLFV�DQG�VWDELOLW\�RI�LQWHVWLQDO�PLFURELRWD��3/R6�&RPSXW�%LRO���������H��������
�� 0RXQLHU��-���0RQQHW��&���HW��DO����������0LFURELDO�LQWHUDFWLRQV�ZLWKLQ�D�FKHHVH�PLFURELDO�FRPPXQLW\��

$SSOLHG�DQG�HQYLURQPHQWDO�PLFURELRORJ\�����������������
�� 3DMDUHV�� 6��� %RQLOOD�5RVVR�� HW�� DO�� �������� 0HVRFRVPV� RI� DTXDWLF� EDFWHULDO� FRPPXQLWLHV� IURP� WKH�

&XDWUR� &LHQHJDV� %DVLQ� �0H[LFR��� $� WRRO� WR� WHVW� EDFWHULDO� FRPPXQLW\� UHVSRQVH� WR� HQYLURQPHQWDO�
VWUHVV��0LFURELDO�HFRORJ\�����������������

$FNQRZOHGJPHQW
� �

,�ZDQW�WR�DFNQRZOHGJH�WR�&,19(67$9�,UDSXDWR�IRU�WKH�IDFLOLWLHV�DQG�WR�&RQDF\W�IRU�WKH�VFKRODUVKLS�
DZDUGHG�

� �

'\QDPLFV�DQG�VWDELOLW\�LQ�DQ�V\QWKHWLF�PXOWLVSHFLHV�
%DFLOOXV�VSS��FRPPXQLW\

%HUQDUGR�$JXLODU�6DOLQDV�����5RPiQ�=DSLpQ�&DPSRV�ï��	�*DEULHOD�2OPHGR�ÈOYDUH]�ï
ï�/DERUDWRU\�RI�0ROHFXODU�%LRORJ\�DQG�0LFURELDO�(FRORJ\��*HQHWLF�(QJLQHHULQJ�'HSDUWPHQW��&HQWHU�IRU�5HVHDUFK�DQG�$GYDQFHG�

6WXGLHV�RI�WKH�1DWLRQDO�3RO\WHFKQLF�,QVWLWXWH��,UDSXDWR��0H[LFR�

�HPDLO��EHUQDUGR�DJXLODU#FLQYHVWDY�FRP

,QWURGXFWLRQ�
1XPHURXV� DQG� GLYHUVH� VSHFLHV� LQWHUDFW� LQ� PLFURELDO� FRPPXQLWLHV�� DQG�
DOWKRXJK�PDQ\�PHPEHUV�FDQ�HQJDJH�LQ�QHJDWLYH�LQWHUDFWLRQV��DOO�WKH�VSHFLHV�
FDQ� FRH[LVW�� 7KH� FRQGLWLRQV� DOORZLQJ� WKLV� FRH[LVWHQFH� DUH� ODUJHO\� XQNQRZQ��
DOWKRXJK� VSDWLDO� VWUXFWXUH� LV� FRQVLGHUHG� DQ� LPSRUWDQW� IDFWRU� RI� VWDELOLW\�� 2XU�
JURXS�VWXGLHV�WKH�GLYHUVLW\�DQG�LQWHUDFWLRQV�LQ�VHGLPHQW�FRPPXQLWLHV��DQG�ZH�
KDYH� VKRZQ� WKDW� VWUDLQV� KDYLQJ� GLIIHUHQW� UROHV� LQ� DQ� HFRORJLFDO� QHWZRUN� FDQ�
FRH[LVW�GHVSLWH�WKH�DQWDJRQLVP�DPRQJ�VRPH�RI�WKHP���

$LPV�DQG�0HWKRGV�
�

7R� H[SORUH� WKH� G\QDPLFV� RI� WKH� LQWHUDFWLRQV� DPRQJ� EDFWHULD� LQ� D� PLFURELDO�
FRPPXQLW\�ZH�VHW�XS�D�FRQIURQWDWLRQ�DVVD\�ZLWK�WKUHH�VWUDLQV�KDYLQJ�GLIIHUHQW�
UROHV� LQ� DQ� LQWHUDFWLRQ�QHWZRUN�� QRQ�DQWDJRQLVW� DQG� UHVLVWDQW� �5��� DQWDJRQLVW�
DQG�UHVLVWDQW��$���QRQ�DQWDJRQLVW�DQG�QRQ�UHVLVWDQW��6���7KHVH�VWUDLQV�EHORQJ�
WR�GLIIHUHQW�%DFLOOXV�OLQHDJHV�DQG�ZHUH�LVRODWHG�IURP�VHGLPHQW�FRPPXQLWLHV�RI�
WKH� &KXULQFH� ZDWHU� V\VWHP� LQ� &XDWURFLHQHJDV�� 0H[LFR� �3pUH]�*XWLpUUH]�� 5��
$���HW�� DO��������� 7KH� H[SHULPHQWV�ZHUH� SHUIRUPHG� LQ� OLTXLG�PHGLXP� IRU� WKH�
LQWHUDFWLRQV� WR� RFFXU� LQ� D� ZHOO�PL[HG� LQWHUSOD\� �QRQ�VWUXFWXUHG� HQYLURQPHQW��
DQG�WKHQ�SODWHG�RQ�D�VHPLVROLG�PHGLXP�WR�TXDQWLI\�WKH�&RORQ\�)RUPLQJ�8QLWV�
�&)8��� 7KH� LQWHUDFWLRQ� WRRN� SODFH� RYHU� D� ��� PLQXWHV� SHULRG�� DQG� VDPSOHV�
ZHUH�WKHQ�SODWHG�HYHU\���PLQXWHV�

5HVXOWV�	�'LVFXVVLRQ�
� �

2XU� UHVXOWV� VKRZHG� WKDW� WKH� LQWHUDFWLRQ� EHWZHHQ� $� DQG� 6� VWUDLQV� FDXVHG� D�
GHFOLQH�RI�WKH�&)8�RI�WKH�6�VWUDLQ�LQ�WKH�ILUVW���PLQXWHV�RI�WKH�LQWHUDFWLRQ��EXW�
LWV� YLDELOLW\� GLG� QRW� GHFUHDVH� IXUWKHU� ZLWKLQ� WKH� QH[W� ��� PLQ�� 8QH[SHFWHGO\��
ZKHQ� WKH�5� VWUDLQ�ZDV� LQFOXGHG� �LQWHUDFWLRQ� DPRQJ� WKH� WKUHH� VWUDLQV�� 5�� $��
DQG� 6��� WKH� DQWDJRQLVP� DJDLQVW� WKH� 6� VWUDLQ� ZDV� QRW� REVHUYHG�� 7KH�
LQWHUIHUHQFH� RI� WKH� DQWDJRQLVP� LV� PDLQWDLQHG� GXULQJ� WKH� ZKROH� WLPH� RI� WKH�
LQWHUDFWLRQ�����PLQXWHV��

,QKLELWRU\�LQWHUDFWLRQV�EHWZHHQ�DQ�DQWDJRQLF�VSHFLHV�DQG�DQ�VHQVLWLYH�VSHFLHV�
FDQ� EH� DWWHQXDWHG� E\� WKH� SUHVHQFH� RI� D� WKLUG� µPRGXODWRU¶� VSHFLHV��
0HFKDQLVPV� VXFK� DV� GHJUDGDWLRQ� RU� VHTXHVWUDWLRQ� RI� WKH� DQWDJRQLVW�
FRPSRXQG�KDYH�EHHQ�SURSRVHG�DV�DQ�DWWHQXDWLQJ�PHFKDQLVP��KRZHYHU�WKHVH�
PHFKDQLVPV� KDYH� QRW� EHHQ� SURYHQ� DV� UHVSRQVLEOH� IRU� DWWHQXDWLRQ� LQ� WKHVH�
VWUDLQV��.HOVLF��(�'���HW��DO���������

� �

)LJ� ��� ([SHULPHQWDO� GHVLJQ�� 0HWKRGRORJ\� RI� WKH� LQWHUDFWLRQ� RI� WKH� UHVLVWDQW� �5��� DQWDJRQLVW� �$�� DQG�
VHQVLWLYH��6��VWUDLQV�LQ�D�ZHOO�PL[HG�LQWHUSOD\�DQG�WKH�SODWHG�WR�TXDQWLI\�&)8�
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&RQIURQWDWLRQ�DPRQJ�D�VHQVLWLYH�DQG�DQ�DQWDJRQLVW�VWUDLQ�UHVXOWV�LQ�D�FOHDU�GHFUHDVH�LQ�WLPH�LQ�WKH�VHQVLWLYH�
EDFWHULD
V� SRSXODWLRQ�� �%��7KH� WULSOH� FRQIURQWDWLRQ� VKRZHG�D�QHXWUDO� LQWHUDFWLRQ�EHFDXVH� WKHUH�ZDV�QRW� D�
VLJQLILFDQW�GHFUHDVH�RI�DQ\�RI�WKH�WKUHH�VWUDLQV��,W�VHHPV�WKDW�WKH�UHVLVWDQW�VWUDLQ�DFWV�DV�D�GHIHQVH�IRU�WKH�
VHQVLWLYH�RQH�DJDLQVW�WKH�DQWDJRQLVW�

³$´�YV�³6´

³$´�YV�³6´�
��³5´

7� 7��7�� 7��

$

%

)LJ����7KH�SUHVHQFH�RI� WKH��5��VWUDLQ�DWWHQXDWHV� WKH�DQWDJRQLVP�DJDLQVW�VWUDLQ��6��� �$��&)8�ZKHUH� WKH�
GHFUHDVH�RI�WKH�VWUDLQ��6��LV�REVHUYHG�LQGLFDWLQJ�DQ�DQWDJRQLVP�RQ�WKLV�VWUDLQ��VDLG�GHFUHDVH�SHUFLVWH�GXULQJ�WKH�
WLPH�RI� WKH� LQWHUDFWLRQ�� �%�� WKH�&)8�FRXQWV�RI� VWUDLQ� �6��DUH�QRW� UHGXFHG� LQ�DQ� LQWHUDFWLRQ�ZLWK� WKH�DQWDJRQLVW�
VWUDLQ�ZKHQ�WKH��5��LV�DGGHG��WKLV�VWUDLQ�DSSHDUV�WR�DWWHQXDWH�WKH�LQKLELWLRQ�
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)LJ����,QFUHDVH�LQ�WKH�SURSRUWLRQ�RI�³5´�VWUDLQ�DQG�ODFN�RI�H[WULQVLF�GHDWK�OHDGV�WR�VWDEOH�FRPPXQLWLHV��,Q�
WKH� GLDJUDP� LV� VKRZQ� WKH� UHVXOWV� RI� ILYH� VLPXODWLRQV� ZKHQ� WKUHH� RI� WKHP� UHVXOWV� LQ� D� VWDELOLW\� LQ� WZR� RI� WKH�
VLPXODWLRQV� WKHUH� ZDVQ¶W� SUREDELOLW\� RI� LQWULQVLF� GHDWK� DQG� LQ� WKH� RWKHU� ZDV� RI� ������ LQ� WKH� WKUHH� FDVHV� WKH�
SUHVHQFH�RI� ³5´� VWUDLQ�GHWHUPLQDWH� WKH� VXUYLYDO� RI� WKH� ³6´� VWUDLQ�� LQ� WKH� FDVH�ZLWK� LQWULQVLF� GHDWK� WKH� ³6´� VWUDLQ�
VXUYLYH�ZLWK�D�PDMRU��SURSRUWLRQ�RI�³5´�VWUDLQ��7ZR�RI�WKH�VLPXODWLRQV�UHVXOWV�LQ�WKH�H[WLQFWLRQ�RI�WKH�³6´�VWUDLQ��LQ�
RQH�RI� WKLV�VLPXODWLRQV� WKH�DXWRPDWRQ�ZHUH�SURJUDPHG� WR�EH�PL[HG�DQG� WKH�RWKHU� WKH�H[WULQVLF�GHDWK�ZDV� WRR�
KLJK����

7KH�SUHVHQFH�RI�DQ�DWWHQXDWLQJ�VWUDLQ�VHHPV�WR�EH�WKH�PRVW�LPSRUWDQW�IDFWRU�IRU�D�
FRPPXQLW\� ZKHUH� WKHUH� LV� DQ� DQWDJRQLVP� WR� DFKLHYH� VWDELOLW\�� WKLV� KDV� EHHQ�
REVHUYHG� LQ� ERWK� WKH� LQWHUDFWLRQ� H[SHULPHQWV� DQG� WKH� DXWRPDWD� UHVXOWV�� $V� D�
SHUVSHFWLYH� LW� LV� FRQVLGHUHG� WR� DGG� PRUH� YDULDEOHV� WR� WKH� FHOOXODU� DXWRPDWD� DV�
YDULDEOH�DQWDJRQLVP�RU�D�WULGLPHQVLRQDO�PDWUL[�LQ�DGGLWLRQ�WR�JHQRPLF�DSSURDFKHV�

Antagonist Sensitive



Pore

Small molecules determine antagonism

Inside Outside

Separate bacterial species with a membrane that allows molecules to cross: bacteria will be confined



Killing (10 min) followed by stability d
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In a triple interactions S is no longer killed



Emergent property 2: Stability in the S X A 
interaction

“Fresh” inoculum of S strain
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S s(survivor)
Antagonist

Sensitive
Antagonist

60 min

surviving SS is transferred to Antagonist

S (“fresh”)
Antagonist

Control

(we know that 75% 
survive SS)

SS



Emergent property 3: SS cells can tolerate A

Ss. + A

S (control)

S + A



Complexity of the study of communities

State 1
State 2

This was the model This is now the model

R

A

S



Bacterial diversity: count species and genes
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Gómez Lunar et al., Frontiers in Microbiology, 2016
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Genes can be “ON or “OFF” 
RNA means ON genes, reflecting ecological

importance

5,040

4,640 

3,626 

R

Core Specialized

Gómez Lunar et al., Frontiers in Microbiology, 2016
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Map the RNA immediate response  (5 min) of the
interactions

Mapping and counting 
expressed genes

S (20ª)

R (111)

A (145)

RNA (mix from all 
strains)

Reference
genomes



Antagonist Sensitive

Sensitive strain response to antagonism after
5 min: Desintoxication response! 

Fosfomycin ring is opened and the antibiotic is inactivated

FosB
Mn2+

2H2O2 2H2O  +  O2Catalase

Inactivate antibiotics

Addition of a thiol cofactor to fosfomycin. L-cysteine is
probably the physiological thiol donor.



Identification of functional traits important for microbial 
community assembly and ecosystem functioning

Explore competition in a combined nutrient limiting-antibiotic
interaction

Determining when and under which conditions a microbial 
community will be more sensitive to stochastic processes

Perspectives

Understanding of microbial competition will allow us to 
better predict the behaviour of bacteria in microbial
communities (ndustrial, environmental, and medical 
purposes)



Is stability maintained adding more strains…how 
many? 
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Can stable combinations be predicted?

R

A

Species
S



Cuatrocienegas, an endangered
ecoystem

Feb  2011 Oct 2011

What happened to the water at the Churince?



Archean domes, more to explore 
about ancient life

1

23



Science for high school students

Since 2012
Anual workshops Anual workshops since 2003

Molecular Biology laboratory
Inauguration at the
Cuatrociénegas high school

Taller Ciencia Viva at 
CINVESTAV and at 
Cuatrocienegas
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