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Marine Jurassic microbes in a continental karst setting
and their implications for ecosystem conservation.
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Located within an evaporitic basin with
~150 mm annual precipitation, the
Cuatro Cienegas basin supports more
than 70 endemic species and, uniquely,
abundant living stromatolites forming
the basis multilayered food webs that
Include snalls, crustaceans, and fish.

Amazingly this occursin an extremely
salty and oligotrophic water.



Glven the high levels of
endemism and biodiversity,
an 85,000-haarea s currently
designated as afederal “Area
de Proteccion de Floray
Fauna,” providing for nature
conservation alongside
sustal nable devel opment
activities



Aquatic ecosystems are
under increasing
anthropogenic pressur es
wor ldwide and especially In
arid regions of the
developing wor ld.

CCB Isno exception.
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Given the considerable conservation
Interest of the CCB dueto its high levels
of endemism and Its status as an aguatic

0asis In severe desert environs, a better
understanding of the sources of water
sustaining the springs is critical.

Why CCB is so diverse?



Geology maters
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Our questions;
e Where the water comes from?

e Why there are so many speciesin
GCB?

* Which are the evolutionary forces that
shape these communities



How we did I1t?
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Phylogenetic conservation superimposed onto the

Escherickia coli Small Subunit rRNA secondary structure
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16S amplified zone



MUESTRA DE AGUA Alinear, identificar la ATTTCCGCTTAAATTCGTC
diversidady BLAST <: ATTTCCGTTTAAATTCCTC

Secuenciar varias clonas por sitio

/\

: DNA Total delamuestra. CONTIENE MILLONES DE
HEBRAS DE MILLONES DE ORGANISMOS,

W MUCHOS DE ELLOS DIFERENTES

Gen del ribosoma
16S
amplificado
millones de veces
por PCR.
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VRN

Libreriade S6lo una copia por
clonas de bacteria receptora:

ADI\_I libreria de clonas
ambiental
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MUESTRA DE AGUA Alinear, identificar la ATTTCCGCTTAAATTCGTC
diversidady BLAST _ ATTTCCGTTTAAATTCCTC

’ 1

Crecer las

bacterias en il e

medios de entificacion de la "
cultivo especie por similitud Secuenciar
diferentes l

Aislar DNA Construccion de

de cada cepa filogenia

Secuencias
de cepas
cultivables

Gen del ribosoma 16S amplificado millones
de veces por PCR.
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PCR con
fluorescencia

TRFLP de cepas
cultivadasy ADN
Ambiental

& enzimas de restriccion
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Secuenciador Capilar




¢Porque se pueden hacer estudios de
comunidades con esta tecnica?

‘% DMNA ambental

PCR fluorescente

A B

AG0C 35 —&s5C
G0 —— . 5 g ——AGC

de restriceion

Digestidn con enzimas
+ Electroforesis

Porque separa
los organismos
con sitios

diferentes

Tam s del fragmento Tam afio del fragmento




What we
found?



TRFLP

As away to map the edge of the
aquifer

TRFLP

As a hint to microbial diversity
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At least 4 valleys are connected
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Seguences as away to describe
diversity



Pseudomonas
(gamma
proteobacteria
17%

Halomonas
(gamma
proteobacteria
9%

Vibrio (gammd¢
proteobacteria
8%

Enterobacter
(gamma
proteobacteria
9%

Phylogenetical affilation of 16S rDNA 250 cultivated strains

Bacillus (Gram+
33%

Staphylococcu:
(Gram +)
2%

Aeromonas
(gamma
proteobacteria
22%




abe de Cuatro Ciénagas Mina Rosario Valle Calaveras

W a-Proteobacteria
E b-Proteobacteria
0 g-Proteobacteria
B Green non sulfur bacteria
Hl Nitrospirae
OCFB

B Gram+ low GC
B Planctomycetes
B Archaea

O Deinococcus

O Verrucomicrobia

Phylogenetical affilation of 16S rDNA clone library 96 clones




How can we explain
SO much diversity
In an extreme
environment?

Even if we are sub sampling it



|nterphases are the key?

Karstic water







Or random process as genetic
bottle necks and high
extinction/speciation process?



‘ Population genetics of key species

£ e 3

1.Halobacterium
2.-Natrococcus
3.Deinococcus
4.Vibrio
5.Bacillus

6.- Vestimentiferan endosimbi
7 - Sulfur oxidizing bactari
8.-Planctomyces

'

Fragmentos (pb)

Sitios (de menor a mayor salinidad)

TRFLP is used to identify the common peaks in an environmental gradient




Our favorites

» Bacillus: 18 species including several
marines (B. Aguamaris (yellow) has an
ample distribution). 1000 isolates

Species concept

e Aquatic rhizobiacea
e Pseudomonas

Population structure and Gene flow



250 strains of each generato
sequence at least 4 genes for
molecular population genetics.



But more
Interesting

We found the sea at
CCBI!!!



16S sequence affiliation total and by valley

Valleys samples

Total sample

1% 1% 40,
3%

e T

1%

8%

M Activated sludge

O Biofilm

@ Decayed grass in compost pile
B Deep and contaminated water
O Distilled water

M Fresh water

B Gut of the soil microarthropod F
W Hydrothermal vent

B Marine

[ONot reported

H Roots

B Soil

W Vietnamese oil-producing well

Symbols of sampled valleys

Yale de Luat Cieresas
'alan (il s )

Wale Laliveras




Symbols of sampled valleys
Valle deuatro Cienegas

Valle délundido

Valle Calaveras

Mina Rosario

RDB data on Source of closest relatives

Soil

Fresh water or mineral water
Volcanic

Not reported or others

X80681Styphimurium
X80682SparatyphiA
X80732E. coli
X80727E.coli
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ccup W

Hundido26.7 =
AY212677Unculturedbacteriumclone22ds5
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Hundido26.11

Calaveras29.1 L d
AAY345489UnidentifiedbacteriumW4B-E12
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Hundido26.20
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Calaveras29.29 @
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Calaveras27.3
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AF227863Bacteriumstr82348
Calaveras2821
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Hundido2st6 il
AF035052aquabacteruimpangnBe
Hundido1TN4
AF089858Aquabacteriumsp
AJS56799Comamonadaceagy

CC16.24
AF236005BetaproteobacteriumF1021
AF078756Aquaspirillumdelicatum
AF422679Uncultured| lerium
Hundido1tn6

AF170352D

Rosario24.28 0

. AY212600Unculturedbact
= AJ227774C
Hundido26.12
cca1p

AY442178Rhe cteraceaeJC2049
ccazp
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Rosario24.38
295707Bacterialspecies
AJ131819planctomycete
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cC16.22

4‘““‘1: cca1p b

CC16.31 bl
M58792Microscilgfurvescens
CCs0P
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CC36P e
AY345434BacteriumK2-15
po*

o X71847Ccellulolyticum
[ AB022911

L Calaveras28.5
Rosario24.49
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" — Rosario24.44

g proteobacteria

b proteobacteria

a proteobacteria

Verrucomicrobia

Nitrospirae
Planctomycetes

Gram + low GC
Deinoccocus

Green non sulfur bacteria
Archaea
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Comparacion de clonas del mar vs de agua continental




How this could
happen?
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How the sea
could be
stored and
preserved
alive?
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We are
looking for
the edge of
the sea



Sampling april 2004
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Key questions:

|s every thing small
everywhere?

|s every thing small as
everybody else?



\Why we care?

eBecause these are key questions
In microbial ecology

*Because molecular data on the
size of the aguifer iIsthe main
evidence to stop the agricultural
development in the area.






| do not know
anything about
politics, and |
am an honest

creature
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