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The Cuatro Cienegas basin in the Chihuahuan desert is a system of
springs, streams, and pools. These ecosystems support >70 en-
demic species and abundant living stromatolites and other micro-
bial communities, representing a desert oasis of high biodiversity.
Here, we combine data from molecular microbiology and geology
to document the microbial biodiversity of this unique environment.
Ten water samples from locations within the Cuatro Cienegas basin
and two neighboring valleys as well as three samples of wet
sediments were analyzed. The phylogeny of prokaryotic popula-
tions in the samples was determined by characterizing cultured
organisms and by PCR amplification and sequencing of 16S rRNA
genes from total community DNA. The composition of microbial
communities was also assessed by determining profiles of terminal
restriction site polymorphisms of 16S rRNA genes in total commu-
nity DNA. There were 250 different phylotypes among the 350
cultivated strains. Ninety-eight partial 16S rRNA gene sequences
were obtained and classified. The clones represented 38 unique
phylotypes from ten major lineages of Bacteria and one of Archaea.
Unexpectedly, 50% of the phylotypes were most closely related to
marine taxa, even though these environments have not been in
contact with the ocean for tens of millions of years. Furthermore,
terminal restriction site polymorphism profiles and geological data
suggest that the aquatic ecosystems of Cuatro Cienegas are hy-
drologically interconnected with adjacent valleys recently targeted
for agricultural intensification. The findings underscore the con-
servation value of desert aquatic ecosystems and the urgent need
for study and preservation of freshwater microbial communities.

Cuatro Cienegas � terminal restriction site polymorphism � 16S clone
library � water conservation � microbial ecology

Conservation efforts often focus on landscapes of scenic value
or habitats with endangered or charismatic animals and plants.

However, ecosystems also harbor a myriad of microorganisms that
not only play a critical role in ecosystem functioning but also contain
a remarkable record of their evolutionary history within their
genomes. Freshwater aquatic ecosystems face increasing anthro-
pogenic pressures worldwide (1–4), especially in arid regions (5–7),
where we risk losing unique aquatic habitats without even knowing
the nature and extent of their biodiversity. Here we report findings
regarding microbial biodiversity in an endangered desert aquatic
ecosystem in Mexico [the Cuatro Cienegas basin (CCB)] indicating
that the composition of modern microbial assemblages may reflect
their distant geological past and that there is significant subsurface
interconnection of the ecosystems in adjacent sedimentary basins.
Understanding the spatial and evolutionary relationships of the
microbiota of the CCB is regarded as a critical step toward
implementing an effective conservation strategy to protect the
ecosystems found there.

The CCB is in central Mexico, in the state of Coahuila and is
a valley measuring �30 km by 40 km located at �740 m above

sea level and surrounded by high mountains (�3,000 m). The
CCB is an enclosed evaporitic basin that receives �150 mm of
annual precipitation. Despite the arid climate, the CCB harbors an
extensive system of springs, streams, and pools of significant
scientific interest (8). Documented biodiversity includes �70 en-
demic species of aquatic vertebrates, distributed among a wide
variety of aquatic and terrestrial ecosystems. Other remarkable
features of the aquatic ecosystems include the living stromatolites
and other microbial communities that form the basis of complex
food webs (8–11). From this perspective, CCB is widely regarded
as a biodiversity oasis within the Chihuahuan desert. Although
there is ample evidence that prokaryotes form the basis of food
webs in this unique setting, we still know very little about the
microbial diversity of these ecosystems. Given the high levels of
endemism and biodiversity of higher organisms at the site, an
85,000-ha area is currently designated as a federal ‘‘Area for the
Protection of Flora and Fauna’’ (12). Such a designation concep-
tually accommodates conservation of natural systems alongside
sustainable development activities. The World Wildlife Federation,
Mexico’s National Commission on Biodiversity (CONABIO), and
nongovernment organizations, such as PRONATURA and the
Nature Conservancy, have all classified the Cuatro Cienegas valley
as globally outstanding because of its high species endemism and
recent history of evolutionary radiations.

The high mountains surrounding the CCB expose upper Jurassic
to lower Cretaceous limestones, sulfate-rich evaporites, sandstones,
and conglomerates of the San Marcos and Cupido formations (8,
13) (Fig. 3, which is published as supporting information on the
PNAS web site). Diverse surface habitats, including marshes,
ponds, springheads, spring-fed streams, and playa lakes are inter-
connected with subsurface caverns, sinkholes, and other limestone
and evaporite karst features (10). Between locations, environmen-
tal conditions can differ dramatically in water chemistry, flow rate,
and size�volume of spring discharge (10, 14). Radiocarbon dating
of sediment cores taken from pools indicates that some have existed
for thousands of years, perhaps as long as 31,000 (15). Older
travertine hot-spring deposits and lower-temperature tufa mounds
are found in association with some active springs but also occur in
the older, dry portions of the basin floor, suggesting the long-term
persistence of aquatic habitats in the basin (10). Although prelim-
inary models have been proposed (16), the hydrology of the region
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is still poorly understood, and, before now, its subsurface micro-
biota has not been characterized, despite the fact that current
evidence argues for a unique evolutionary history.

Results
From the clone library, we obtained a total of 98 16S rRNA
partial gene sequences (see Table 1, which is published as
supporting information on the PNAS web site, for GenBank
accession numbers). These sequences represented 38 unique
phylotypes from ten major lineages of Bacteria and one of
Archaea (Fig. 1). A total of 40% of the clones were �-Proteobac-
teria. Among the 350 cultivated strains, there were 250 distinct
and diverse phylotypes with the most common ones being related
to Bacillus, Pseudomonas, Vibrio, Rhizobiace, Planctomyces,
�-Proteobacteria, and Gram-positive bacteria. The differences
between these two results are due to the enormous bias that a
limited number of cultivation media have over the microbial
diversity of a site.

Published data on nine libraries prepared from aquatic or
terrestrial environmental samples were used to evaluate whether
the known habitats of ‘‘nearest neighbors’’ could be used to predict
the habitat of a new phylotype. The habitat affiliations of organisms
and clones that were closely related to those from the CCB were
determined based on annotated information found in DNA se-
quence databases (Tables 2 and 3, which are published as support-
ing information on the PNAS web site). We found there was good
accordance between the actual habitats from which the clones were
derived and those that were predicted based on the source of the
reference sequence (P � 0.01, Table 2). Using this approach, we
found that nearly 50% of phylotypes from the CCB were closely
related (90–99% sequence similarity) to organisms or cloned 16S
rRNA gene sequences from marine environments (Fig. 1 A and B).
Soil bacteria constituted the next largest group, followed by ther-
mophilic organisms. At individual sites, these proportions varied.
For example, at the Rosario mine, thermophilic bacteria predom-
inated, whereas marine bacteria predominated at the remainder of
the sampling locations. This finding was consistent with the iden-
tities of cultivated bacteria, which included strains 95–98% similar
to marine organisms, such as Bacillus aquamaris, Halomonas elon-
gata, Chromohalobacter canadensis, Exiguobacterium spp., Marino-
coccus halophilusi, and marine Rhizobiacea. Notably, B. aquamaris
was very abundant in habitats at the CCB. Based on these results,
we conclude that aquatic ecosystems at the CCB harbor a mixed
microbial community, where part of the microbiota consists of
organisms that are typically found in soil and freshwater environ-
ments but where a surprisingly large number of others are more
commonly found in marine environments, such as the cold northern
Pacific, the Arctic, Baltic sea, and hydrothermal vents (Table 2).

Cluster analyses of terminal restriction site polymorphism (T-
RFLP) data showed there was a high degree of similarity between
samples from adjacent valleys (Calaveras and Hundido) and two
spring sites in the CCB (Escobedo and Churince), confirming the
presence of very closely related lineages of Archaea and Bacteria in
the Hundido, Calaveras, and the CCB sites. This high degree of
similarity suggests that there is a hydrological connection between
the different valleys that maintains a high level of gene flow.
T-RFLP data from various sites showed that at least four phylotypes
were abundant and common to the CCB, Calaveras, and El
Hundido valleys, even if they are �50 kilometers apart in springs of
deep wells. Based on existing T-RFLP databases (University of
Idaho and Michigan State Microbial Center), one phylotype cor-
responds to a marine uncultured proteobacterium (EBAC28E03),
another corresponds to the aquatic bacterium Planctomyces (which
was also abundant in our cultivated strains), a third corresponds to
a taxon that has not been previously described and was retrieved in
neither the clone libraries nor in the cultivated strains, and a fourth
phylotype was related to Lutibacterium anuloederans (a marine

�-proteobacterium from the Adriatic Sea) and to Novosphingobium
subantarcticum (a taxon found in permafrost sediments).

Discussion
A Microbial Oasis. Our data show that the CCB is a ‘‘desert oasis’’
of microbial life that includes highly diverse aquatic communities.
The high genotypic diversity found at CCB includes 38 unique
phylotypes from 10 major prokaryotic lineages. This high diversity
is surprising, given that the oligotrophic waters of the CCB repre-
sent sometimes extreme aquatic environments with high concen-
trations of magnesium, calcium, carbonate, and sulfate (14). The
bacterial diversity found in our study is comparable with or greater
than the species (or phylotype) richness reported for rhizosphere
and soil samples (17, 18, 19). This finding is unexpected, because
aquatic systems are generally less species-rich than soils and sedi-
ments from temperate regions (20), and it has been reported that,
in other extreme environments, such as desiccation lagoons and
salty marshes, the community diversity can be as low as 7 phylotypes
(21). Although the number of phylotypes per local site at CCB was
similar to that reported in some studies performed in extreme
sediment or aquatic habitats (22, 23), the high heterogeneity among
the individual sampling sites makes the overall diversity at the CCB
much higher.

Various mechanisms have been proposed for how high diversity
can be maintained in a given locality. For example, high local
diversity might occur in an environment that has been stable for a
sufficient period to allow for niche differentiation (24) or in
instances where there is resource heterogeneity, a superabundance
of resources, spatial isolation, or nonequilibrium conditions (25). In
addition, periodic physical disturbances have been proposed to
result in the maintenance of high diversity in many communities,
such as rain forests and coral reefs, where there appears to be an
association of high diversity with intermediate levels of disturbance
(24). Given the characteristics of the CCB ecosystem, the occur-
rence of nonequilibrium conditions and resource heterogeneity
may be important to sustaining high microbial diversity. Examples
of this situation, as discussed earlier, are the older travertine
hot-spring deposits and lower-temperature tufa mounds that can be
found in dry parts of the basin floor but are also associated with
currently active springs, suggesting a very dynamic process of
opening and drying of the springs (10). This finding highlights the
value of CCB as a convenient natural laboratory to study biodi-
versity drivers and ecosystem dynamics.

Marine Affinity of CCB Microbiota. We have found a remarkable, yet
unexpected, predominance of taxa with marine microbial affinities
in our samples. This finding was surprising, because the chemical
composition of the water does not resemble seawater, and the CCB
is located 800 km from the Gulf of Mexico. This observation leads
us to the hypothesis that some portion of the biota and water of
CCB may be derived from microbes and water entrapped when the
Mesozoic strata that underlie the CCB were formed and which have
been released more recently during active and ongoing subsurface
karstification of limestones and evaporites. It is important to note
that we have successfully cultured several of the taxa having marine
affinities, indicating that our methods have detected live bacteria
and not just fossilized DNA sequences. A precedent for this
‘‘marine isolation hypothesis’’ is the observation of long-term
survival of bacteria entrapped in Permian-aged evaporites (26, 27)
as well as the report of Inagaki et al. (28) on the ‘‘Paleome’’ of DNA
from anoxic black shale marine sediments formed 100 million years
ago. Supporting the inference of marine affiliation of the microbes
of CCB, the results from nearest-neighbor analysis of data from
published studies of microbial diversity in diverse environments
showed that clones obtained from seawater samples were most
closely related to known marine bacteria, whereas samples from
continental freshwater had nonmarine prokaryotes, independent of
their salinity (see Table 4, which is published as supporting infor-
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Fig. 1. Molecular data from rRNA gene sequences in samples from the region of Cuatro Cienegas. (A) Proportion of habitat affiliations of the sequences based
on comparison of our 16S rRNA clone library sequences with the Ribosomal Database Project. The large pie diagram illustrates the habitat affiliations for all of
the samples, and the smaller diagrams indicate the distributions for each of the sampled valleys. The meaning of each color in the diagrams is shown to the right
of the total sample. (B) The phylogenetic tree for microorganisms of the CCB was obtained as a maximum-parsimony tree with 1,000 bootstraps of the 690-bp
common fragment of the 16S rRNA gene sequences. The bootstrap value is shown in the branches; none of the bootstrap values is �86%. The symbols show the
sampling site for each sequence, and the color of each sequence shows its habitat affiliation (dark blue for marine, light blue for fresh water, brown for soils
and sediments, and red for hydrothermal- and magma-associated taxa).
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mation on the PNAS web site). The analysis of clones from the CCB
using the same procedure indicated that a large number of the
bacteria from habitats in the CCB were most closely related to
marine bacteria. Interestingly, joining CCB as an exception to the
general pattern of continental waters being dominated by microbial
taxa with freshwater affiliation (Fig. 2) were clones from a saline
lake in the Atacama desert of Chile (29). This finding is notable
because stratigraphic analysis of the back-arc basin of the Atacama
region shows that, as at CCB, there were numerous marine trans-
gressions that isolated the magmatic arc from the mainland of South
America during the Jurassic period. At this Chilean site, successive
marine regressions were marked by the deposition of widespread
evaporites, very similar to the situation in the CCB.

At the end of the Paleozoic, the supercontinent, Pangea, frag-
mented to form two great landmasses: Laurasia (north) and
Gondwanaland (south). With the separation of Laurentia (North
America) from Eurasia during the Jurassic, the North Atlantic and
Gulf of Mexico began to open, eventually connecting to the ancient
Tethys sea, through the Mediterranean to the Pacific. We believe
that most of the marine microbiota of CCB pozas are likely to be
relicts from those times, including the microbial mats and the very
diverse living estromatolites. In the CCB region, a regional uplift
called the Coahuila Island was present throughout the late Jurassic
(Tithonan) to early Cretaceous (Neocomian) periods. The sedi-
mentary sequences exposed in the surrounding mountains repre-

sent fluvial and shallow marine sediments that accumulated along
the margins of Coahuila Island and were deposited on older
(pre-Jurassic period) igneous and metamorphic basement rocks
during this time, entrapping interstitial marine waters. This depo-
sitional history records pulses of uplift and erosion, followed by
brief transgressive intervals that deposited shallow marine lime-
stones and sulfates, which comprise the San Marcos formation.
Subsurface dissolution of these formations appear to be the source
of high sulfate and bicarbonate concentrations of CCB’s surface
waters. We also believe that the ancient water composition changed
because of the ionic exchange with the surrounding rocks, forcing
the ancient marine microorganisms to adapt to this new environ-
ment and diverge from their ancestors.

However, other potential hypotheses for the origins of marine
taxa at CCB should be considered. Direct subterranean flow from
the Gulf of Mexico can be excluded, because the valley is �700 m
above sea level. Alternatively, bacteria could immigrate into the
CCB by atmospheric transport (via deposition of water droplets or
airborne particulate matter), but the extremely low rainfall in the
Chihuahuan desert decreases the probability of this means of
dispersal, in actuality. However, it should be noted that all indica-
tions suggest that the climate was wetter during the late Pleistocene
and Holocene. The low probability of long-distance transport of
aquatic organisms is also supported by the low number of taxa
typical of freshwater environments that were recovered in our
samples (Table 2). Previous studies have shown that microbial
strains endemic to different continents and, thus, long separated by
continental drift, still have closely related 16S rRNA gene se-
quences (30). The small differences between the 16S rRNA gene
sequences from the CCB and reference sequences found in Gen-
Bank may simply reflect the amount of time that the CCB waters
have been apart from the sea, allowing the marine and CCB taxa
to diverge slightly from their closest relatives. Future studies that
include more extensive sampling of freshwater and marine envi-
ronments in Mexico and the southwest USA, coupled with detailed
molecular clock and substitution-rate analyses and with dating of
fossil water in the CCB, will shed light on the possibility that,
indeed, the modern microbiota at the CCB reflect a biotic imprint
of an ancient marine past.

Hydrological Connections Between the CCB and Adjacent Valleys and
Geological Data. Another surprising aspect of our data was the very
high degree of similarity of lineages of Archaea and Bacteria from
adjacent valleys, as indicated by cluster analyses of T-RFLP data
showing that 90% of the numerically abundant phylotypes were
common to all sites. These findings suggest that lineages were
derived from a common source or that there has been migration
among the three valleys that share a deep aquifer. The geologic
history of the region supports the notion of a possible hydrological
connection between adjacent valleys and the CCB. Recent studies
on the geohydrology of the region suggest that, although a consid-
erable fraction of the CCB groundwater may originate from local
recharge in mountains surrounding the valley, an additional frac-
tion is derived from interbasin flows of older (fossil) water (K. H.
Johannesson, personal communication). Most of the warm pozas in
the CCB are distributed around the San Marcos Sierra and have
very similar water levels and temperature (31), suggesting that they
are fed by a common water source. Differences in water chemistry
among them are likely due to differences in the local environment
and patchy contact with deep hydrothermal water, an aspect that
warrants further research confirmation.

The potential for subsurface hydrologic connections suggested by
the molecular data are reasonable in light of the known geology of
the CCB region, which is part of the southern Basin and Range
province of North America. This is basically an extensional tectonic
regime characterized by dominantly northwest-trending mountain
ranges and valleys bounded by listric normal faults. In central
Mexico, three major fault systems are dominant: the Mojave–

Fig. 2. Habitat affiliation was tested with a nearest-neighbor analysis, where
each cloned sequence was compared with those reported for the most closely
related reference sequences in gene sequence databases. The habitat of origin
of the reference sequence was assigned to the undescribed population from
eight studies from the literature (17, 29, 35, 40–44) as well as our study.
Microbial samples were from the following habitats: CCB (springs and deep
water from Cuatro Cienegas Coahuila); sulfurous lakes (Cisó and Valar lakes,
Spain); saline Atacama lake (a lake in Atacama desert, Northern Chile); saline
Mono Lake (California); soil (soils of the arid southwestern United States);
Changjiang River (China); a subterranean river (Sulfur River, Parker Cave,
Kentucky); sea (marine waters of the Cariaco Basin, Pacific Ocean); hypersaline
lakes (Antarctica); and freshwater (water in a drinking water distribution
system) (More data available in Table 4).

6568 � www.pnas.org�cgi�doi�10.1073�pnas.0601434103 Souza et al.



Sonora megashear (south), the La Babia (north) and the San
Marcos (central). CCB lies between the Mojave and Sonora
megashear and the San Marcos fault systems. Thus, CCB has
experienced a prolonged tectonic history, with a period of faulting
that extends back to the Mesozoic to produce a complex system of
fractures (13) that likely provide major flow paths for the regional
hydrological system that exists in the Coahuila region today. Indeed,
under the recent arid climatic regime, karstification may have been
especially effective in expanding these pervasive subsurface fault
and fracture systems to produce an open hydrological system that
interconnects adjacent basins.

Milk, Conservation, and the Future of the CCB. The possible hydro-
logical interconnectedness and common fossil water between the
CCB and the adjacent valleys may hold special significance for the
future of the CCB’s surface biota. Similar to situations occurring
with increasing frequency in various arid regions of the world (5, 32,
33), agricultural development and associated water extraction in the
region have placed new pressures on the ecological integrity of the
unique ecosystems of Cuatro Cienegas. In 2001, ranchers associated
with two dairy consortia abandoned operations near Torreón
because of shortage of water and the presence of arsenic and heavy
metals in the dwindling groundwaters. In 2003, the ranchers began
operations in the Valle el Hundido (Fig. 3B), close to the CCB
protected area, proceeding without environmental impact assess-
ments, as required by Mexican law. Ten thousand hectares of alfalfa
fields with 106 wells were established, based on a claim that there
was no relation between the aquifers of the CCB and El Hundido
valleys. Concern about the environmental impacts of this water
extraction on the CCB protected area has attracted considerable
media attention (press releases and articles in Milenio Torreon
1�28�04, La Palabra 3�12�04, and El Universal 4�3�04 and 4�4�
04). Consequently, for the first time in the history of Mexican
environmental policy, legal injunctions halting this water use were
issued. This decision is now in abeyance because of the proposal of
a presidential veto (Diario Oficial de la Federacion 11�3�03) that
will permit agricultural interests to extract 20 million cubic meters
of water a year. These recent events add to the impact of agricultural
development over the last 10 years in the northern valley of
Calaveras that appear to have dramatically decreased surface water
flows into the Cuatro Cienegas valley. Our microbiological data,
along with the low hydrologic recharge of the superficial aquifers
and geologic structure of the region indicate that serious concerns
are warranted regarding the impacts of regional water extraction on
the unique ecosystems in the CCB and nearby valleys. Our results
also highlight the need to incorporate a regional perspective in legal
designations that seek ecosystem conservation (34), because the
critical processes and environmental factors sustaining local habi-
tats and biotas can often be distant and complex, a principle
applicable to numerous freshwater systems worldwide.

Methods
In recent times, clone libraries of 16S rDNA have been the gold
standard to describe microbial communities in many sites around
the planet (17, 29 , 35–41), however, other techniques, such as
T-RFLP and denaturing gradient gel electrophoresis have been
proposed as a fast way to evaluate and compare the diversity of
a microbial community (42). Both methods give a fingerprint of
the community based on differential migration of the different
phylotypes in a gel matrix, however, we consider that T-RFLP
overcomes most of the problems concerning this type of method
because of its high resolution and replicability (43, 44). In this
work, three approaches were followed to characterize the pro-
karyotic diversity of the CCB: (i) a clone library of 16S rRNA
genes was constructed from total community DNA, (ii) strains
were cultured from samples and characterized, and (iii) T-RFLP
profiles of microbial communities were determined.

Sampling. During 2002, 10 2-liter water samples from eight locations
within the three neighboring valleys (two in the CCB and the
Rosario mine, three in El Hundido and three in Calaveras; Fig. 3)
were filtered by using a standard 0.45-�m filter that will trap most
known Eubacteria and Archaea and processed for DNA extraction
and analysis (see below). These samples were used to test the
hypothesis of hydraulic interconnection among these valleys (by
comparing community composition) and to characterize regional
genetic diversity. Unfiltered samples were used in the isolation and
cultivation of particular organisms from the samples (see below).
To assess the microbial diversity in the sediments as well as their
origin, 10 g of wet sediments from three Cuatro Cienegas spring
pools (pozas) were obtained by sampling 10 cm beneath the
sediment–water interface. The global positioning system coordi-
nates of the sampling locations are given in Table 1. The CCB sites
are 10 km from each other, whereas Calaveras sites are �10 km
from each other and 25 km from the closest CCB site; Mina el
Rosario is 43 km from CCB, 59 km from the farthest Calaveras site,
and 41 km from the farthest El Hundido site. El Hundido is 39 km
from CCB, 55 km from Calaveras farthest site, and 34 km from el
Rosario.

Cultivated Bacteria and Archaea. Marine agar and H medium with
different salt concentrations (0–250 g�liter�1) as well as Archaeal
media and Luria broth were used to cultivate organisms from water
samples. The compositions of the media used can be found at
www.atcc.org. Colonies with different morphologies were selected
from each medium, and axenic cultures were obtained. (The
complete list of the morphotypes is in Table 5, which is published
as supporting information on the PNAS web site) Genomic DNA
was extracted from colonies of each strain by using the PureGene
DNA extraction Kit (Gentra Systems).

Molecular Analysis. Genomic DNA was extracted from water and
sediment samples in the field by using the UltraClean Water DNA
kit (MoBio Laboratories, Carlsbad, CA) and the Ultra Clean Soil
DNA kit (MoBio Laboratories), respectively. DNA was stored
at �20°C.

For T-RFLP analysis, clone library construction from genomic
DNA, and the cloning of 16S rRNA genes from cultivated Bacteria
and Archaea, a region of the 16S rRNA genes in each sample was
PCR amplified by using domain-specific primers (35). The forward
primer was F515 (5�-GCGGATCCTCTAGACTGCAGTGC-
CAGCAGCCGCGGTAA-3�), and the reverse primer was R1492
(5�-GGCTCGAGCGGCCGCCCGGGTTACCTTGTTACG-
ACTT-3�). In the case of T-RFLP, the F515 and R1492 primers
were fluorescently labeled with VIC and FAM, respectively. Each
PCR reaction contained 1� PCR buffer, 1.65 mM MgCl2, 0.2 mM
dNTP mixture, 0.06 mM of each primer, 1 unit of Taq polymerase
(Applied Biosystems), and 5% DMSO. All reactions were carried
out in a thermocycler (MJ Research, Watertown, MA) with the
following program: 94°C for 4 min then 35 cycles of 92°C for 1.5 min,
50°C for 1.5 min, 72°C for 2 min, and completing with 72°C for 10
min. To have a better representation of each sample, three inde-
pendent PCRs were performed per sample. All were mixed and
purified from a 2% agarose gel by using the protocol provided for
the QIAquick gel extraction kit (Qiagen).

Clone Libraries. Amplified 16S rRNA genes were pooled from three
reaction mixtures from each site and cloned into the pCR2.1 vector
according to the manufacturer’s instructions (Invitrogen). Plasmid
DNAs containing inserts were isolated for sequencing with the
SNAP Miniprep kit (Invitrogen) and were sequenced by using
vector-based primers M13F and M13R by the DNA Laboratory at
Arizona State University.

Sequence Analysis. The partial sequences of 16S rRNA genes from
98 clones from total community DNA and the 350 cultivated strains
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were initially compared with reference sequences by using BLAST
(45) (www.ncbi.nlm.nih.gov�BLAST) to determine their phyloge-
netic affiliations and orientation of the cloned inserts. The se-
quences were manually checked and aligned to 16S rRNA gene
sequence data by using the program SEQUENCE ALIGNER from the
Ribosomal Database Project (RDP) (46). Chimeric sequences were
identified by using the CHECK�CHIMERA and BELLEREPHON pro-
grams (47), and discrepancies in the phylogenetic trees were
identified by comparing the branching order obtained with trees
constructed by using two regions of the gene sequences (533–873
and 874-1215, Escherichia coli numbering). The unique partial
sequences of 16S rRNA genes (hereafter referred to as phylotypes)
were submitted to BLAST and SEQUENCE MATCH at RDP, and the
most closely related phylotypes were identified. Neighbor-joining
and maximum-parsimony analyses were performed by using MEGA2
(48) to determine the phylogeny of these populations.

T-RFLP Analysis of 16S rRNA Genes. The T-RFLP profiles of 16S
rRNA genes in samples used to construct clone libraries (described
above) were determined. The 16S rRNA genes were amplified from
community DNA by using fluorescently labeled PCR primers, as
described above, and restricted by using AluI (Promega) in 20-�l
reactions for 3 h. Each reaction contained 10 units of AluI and 50
ng of the PCR product. The reactions were incubated in an MJ
Research thermocycler for 3 h at 37°C, followed by 65°C for 30 min.
The sizes and abundances of fluorescently labeled terminal restric-
tion fragments (T-RFs) were determined by using an ABI 3100
PRISM DNA analyzer (Applied Biosystems). Each T-RF was
considered to be an operational taxonomic unit (OTU), and only
peaks with heights �50 fluorescence units were considered to be
true OTUs.

Affiliation Comparisons and Statistical Analysis. We wished to de-
termine whether the known habitat of closely related organisms
could be used to accurately assess the origin of an ‘‘undescribed
population.’’ To do so, we used data from eight published studies
that had characterized the composition of microbial communities in

different saline, freshwater, and soil environments (29, 35–41) and
compare them with our study. The selected studies were the only
ones that complied with the following characteristics: The meth-
odology is similar, they present GenBank accession numbers, and
they represent different habitats. A nearest-neighbor analysis was
performed with each cloned sequence wherein the sequences from
these genes were compared with those reported for the most closely
related reference sequences in databases. The habitat of origin of
the reference sequence was assigned to the undescribed population.
The accuracy of the method was quantified by comparing the
predicted habitat with the actual habitat of origin. A marine
affiliation score was assigned to the five most closely related clones
by assigning a value of 1 if a sequence was from a marine
environment or a value of 0 if it was not and then averaging across
the five taxa. If the sequence similarity was �90%, the data were
not used in the calculation. ANOVA was then used to determine
whether there was a significant effect of sample site on the mean
marine affiliation score for the various studies considered; differ-
ences between a particular pair of comparison sites (e.g., CCB vs.
Mono Lake) were assessed by a t test. These parametric tests were
applied after corroboration of the assumptions of normality and
variance homogeneity.
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Supporting Figure 3

Fig. 3. Map of the Coahuila, Mexico, study region. Sampling sites are indicated by different symbols: red
circle, Calaveras valley; star, CCB; square, Hundido valley; diamond, Rosario Mine. At the top and sides of
the figure are photographs of habitats at each locality: new alfalfa field in Calaveras valley (1) ; El Mojarral
headspring in the CCB (2) (photograph by Paolo Petrignani, La Venta Exploring Team; www.laventa.it);
intermediate lagoon along a flow path from one of the CCB?s surface springs (3); desiccation pond in the
flats of the CCB (4); native vegetation in El Hundido valley with an alfalfa field in the background (5)
(photograph by Dean Hendrickson, University of Texas); and subsurface sampling site in the El Rosario mine
(6) (photograph by Paolo Petrignani, La Venta Exploring Team). Major mountain ranges are also shown: La
Fragua Mountains (a), San Marcos Mountains (b), Sierra la Purisima (c), Sierra el Granizo (d), and Sierra de
Australia (the "Island of Coahuila") (e). Recent magma outcrops in the vicinity of the CCB are indicated by a
red "blast" symbol and identified as: El Jabali valley (f) (J.M.R.-M., personal observation), San Marcos
valley (g), and Calaveras outcrop (h). The red and black lines indicate major active faults, and the blue line
delineates a hypothetical boundary for the hydrological system.





Table 1. Geographic locations and GenBank accession numbers of the
environmental clone library

Phylogenetic group Clone
Gen Bank

accession nos.
Latitude (N)

Longitude (W)
Type of sample

α Proteobacteria CC41P
AY604961 26º53.51'

102º05.178'
Sediment

CC42P
AY604960 26º53.51'

102º05.178'
Sediment

CC37P
AY604959 26º53.51'

102º05.178'
Sediment

CC43P
AY604962 26º53.51'

102º05.178'
Sediment

Rosario24.28
AY604964 26º41.3'

101º47.65'
Water column

Hundido26.12
AY604963 26º35.6'

102º12.86'
Water column

β Proteobacteria CC16.24
AY604953 26º53.51'

102º05.178'
Water column

Hundido26.13
AY604952 26º35.6'

102º12.86'
Water column

Hundido1tn6
AY604954 26º32.245'

102º10.103'
Water column

Hundido2st6
AY604956 26º32.245'

102º10.103'
Water column

Hundido1tn4
AY604951 26º32.245'

102º10.103'
Water column

Calaveras27.3
AY604957 27º03.87'

102º08.75'
Water column

Calaveras28.21
AY604955 27º02.875'

102º06.375'
Water column

γ Proteobacteria CC30P
AY604939 26º53.51'

102º05.178'
Sediment

CC38P
AY604943 26º53.51'

102º05.178'
Sediment

CC45P
AY604944 26º53.51'

102º05.178'
Sediment

CC44P
AY604950 26º53.51'

102º05.178'
Sediment

CC32P
AY604947 26º53.51'

102º05.178'
Sediment

Rosario24.17
AY604940 26º41.3'

101º47.65'
Water column

Hundido26.20
AY604942 26º35.6'

102º12.86'
Water column

Hundido26.11
AY604936 26º35.6'

102º12.86'
Water column



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

8660 nc nc nc nc 2 0

8661 nc nc nc nc 2 0

8662 nc nc nc nc 2 0

8663 nc nc 1.2 nc 2/1 0

8664 nc nc nc nc 2 0

8665 nc nc 1.2 nc 1 0

8666 nc nc 1.2 nc 2/1 0

8667 nc nc nc nc 2 0

8668 nc nc 1.2 nc 2/1 0

8669 nc nc 1.2 nc 2/1 0

8670 nc nc 1.2 nc 2/1 0

8671 nc nc nc nc 2 0

8672 nc nc nc nc 2 0

8673 nc nc nc nc 2 0

8674 6-4-1 8.5.10poco 8-1-8 85-8-9 1 1

8675 6-4-1 8.5.10poco 8-1-8 85-8-9 1 0

8676 6-4-1 8.5.10poco 8-1-8 85-8-9 1 1

8677 nc nc nc nc 2 0

8678 nc nc nc nc 2 0

8679 nc 4.4/p nc nc 2 0

8680 nc nc nc nc 2 0

8681 nc nc nc nc 2 0

8682 2-3 nc 1.5 nc 2/1 0

8683 nc nc nc nc 2 0

8684 nc nc nc nc 2 0

8685 nc nc nc nc 1/2 0

8686 9.6.9poco 8-1-8 nc 2/1 0

8687 nc nc nc nc 1/2 nc

8688 nc nc nc nc nc nc

8689 nc nc nc nc nc nc

8690 nc nc nc nc 2 0

8691 nc nc nc nc 2 0

8692 nc nc nc nc nc nc

8693 nc nc nc nc nc nc



Phylogenetic group Clone
Gen Bank

accession nos.
Latitude (N)

Longitude (W)
Type of sample

Hundido26.7
AY604948 26º35.6'

102º12.86'
Water column

Calaveras29.29
AY604945 27º05.07'

102º11.5'
Water column

Calaveras29.17
AY604941 27º05.07'

102º11.5'
Water column

Calaveras29.1
AY604949 27º05.07'

102º11.5'
Water column

Chloroflexi Rosario24.49
AY604937 26º41.3'

101º47.65'
Water column

Nitrospira Rosario24.38
AY604966 26º41.3'

101º47.65'
Water column

Bacteroidetes CC16.31
AY604973 26º53.51'

102º05.178'
Water column

CC31P
AY604969 26º53.51'

102º05.178'
Sediment

CC36P
AY604970 26º53.51'

102º05.178'
Sediment

CC26P
AY604967 26º53.51'

102º05.178'
Sediment

CC50P
AY604971 26º53.51'

102º05.178'
Sediment

CC27P
AY604972 26º53.51'

102º05.178'
Sediment

Firmicutes CC16.23
AY604965 26º53.51'

102º05.178'
Water column

Planctomycetes CC16.22
AY604968 26º53.51'

102º05.178'
Water column

Verrucomicrobia CC29P
AY604946 26º53.51'

102º05.178'
Sediment

Deinococcus Calaveras28.5
AY604958 27º02.875'

102º06.375'
Water column

Archaea Rosario24.44
AY604938 26º41.3'

101º47.65'
Water column



Table 2. Sequence affiliation in GenBank for the library of 16S rDNA clones
Phylogenetic groups Clone Closest relative in GenBank Habitat Identity

α Proteobacteria CC41P Rhodobacteraceae SRF3, AJ002565 Marine 97

CC42P Rhodobacteraceae bacterium JC2049,  AY442178 Not reported 98

CC37P Roseobacter sp. DG942, AY2580886 Marine 97

CC43P Bacterium DG897, AY2580856 Marine 99
Rosario24.28 Uncultured alpha proteobacterium, AJ567562 Marine 90

Hundido26.12 Uncultured bacterium, AY2126007 Freshwater 97

β Proteobacteria CC16.24 Beta proteobacterium F1021, AF236005 Not reported 98

Hundido26.13 Comamonadaceae bacterium MWH55, AJ556799 Freshwater 99

Hundido1tn6 Unidentified bacterium, AF4226798 Lake Waiau sediment 95

Hundido2st6 Azospira oryzae str. 6ª3, AF0113479 Roots 99

Hundido1tn4 Aquabacterium parvum, AF03505210 Freshwater 99

Calaveras27.3 Uncultured Limnobacter sp, AF522999 Freshwater 100

Calaveras28.21 Bacterium str. 82348, AF22786311 Not reported 96

γ Proteobacteria CC30P Endosymbiont of unidentified scaly snail, AY310506 Marine 95

CC38P Uncultured bacterium, AF32819812 Mobile mud 96

CC45P Uncultured bacterium, AY171368 Marine 97

CC44P Pseudoalteromonas bacteriolytica, D8992913 Marine 93

CC32P Vibrio fortis, AJ514914 Marine 99

Rosario24.17 Uncultured gamma proteobacterium, AY499915 Marine 95

Hundido26.20 Uncultured bacterium, AY32879214 Freshwater 99

Hundido26.11 Uncultured Soil bacterium, AY493941 Soil 99

Hundido26.7 Uncultured  bacterium, AY21267714 Freshwater 98

Calaveras29.29 Teredinibacter turnerae, AY02839815 Marine 95



Phylogenetic groups Clone Closest relative in GenBank Habitat Identity

Calaveras29.17 Uncultured gamma proteobacterium, AY095889 Marine 99

Calaveras29.1 Unidentified bacterium, AY345489 Lake Waiau sediment 99

Chloroflexi Rosario24.49 Uncultured bacterium, AF52402316 Forested wetland 91

Nitrospira Rosario24.38 Uncultured soil bacterium, AY493920 Soil 95

Bacteroidetes CC16.31 Bacteroidetes bacterium DG890, AY2581226 Marine 90

CC31P Uncultured bacteroidetes bacterium, AJ567581 Marine 93

CC36P Brumimicrobium glaciale, AF52119517 Marine 91

CC26P Uncultured bacteroidetes bacterium, AB116508 Marine 95

CC50P Uncultured eubacterium KEppib22, AF18817318 Marine 89

CC27P Bacterium K2-15, AY345434 Lake Kauhako, water 94

Firmicutes CC16.23 Clostridium josui, AB01105719 Compost 91

Planctomycetes CC16.22 Uncultured bacterium, AJ519649 Uranium mill tailings, soil sample 90

Verrucomicrobia CC29P Uncultured Verrucomicrobia bacterium, AY11432520 Marine 98

Deinococcus Calaveras28.5 Deinococcus sp. str. MBIC3950, AB022911 Not reported 98

Archaea Rosario24.44 Uncultured archaeon SAGMA-A, AB05020521 Gold mine 98



Table 3. Sequence affiliation in Ribosomal Data Base for the library of 16S rDNA clones

Phylogenetic group Clone N Closest relative RDB Habitat

RDB similarity

score

α Proteobacteria CC41P 1 Rhodobacteraceae SRF3, AJ002565 Marine 0.862

CC42P 1 α-proteobacterium MBIC1876, AB026194 Marine 0.866

CC37P 1 Ruegeria algicola str. T-FF3 ATCC 51440 (T), X7831522 Marine 0.834

CC43P 1 Roseobacter ISM, AF09849523 Marine 0.901

Rosario24.28 1 Dechlorospirillum WD, AF17035224 Not reported 0.627

Hundido26.12 1 Caulobacter sp. str. FWC38, AJ22777425 Activated sludge 0.845

β Proteobacteria CC16.24 6 Aquaspirillum delicatum str. 146 LMG 4328 (T), AF07875626 Distilled water 0.924

Hundido26.13 1 Aquabacterium Aqua2, AF089858 Freshwater 0.889

Hundido1tn6 1 Acidovorax LW1, AJ13076527 Not reported 0.816

Hundido2st6 1 Azospira oryzae str. 6ª3, AF0113479 Roots 0.954

Hundido1tn4 1 Aquabacterium parvum str.B6, AF035052 Freshwater 0.947

Calaveras27.3 2 H.seropedicae ATCC 35892, Y10146 Roots 0.813

 Calaveras28.1 5 Vogesella indigofera ATCC 19706 (T), AB02138528 Soil 0.913

γ Proteobacteria CC30P 1 Endosymbiont of Riftia pachyptila, U7747829 Hydrothermal vent 0.739

CC38P 1 Uncultured g proteobacteria Sva0120, AJ24099330 Marine 0.796

CC45P 1 Uncultured g proteobacteria Sva0120, AJ24099330 Marine 0.851

CC44P 1 Pseudoalteromonas UL1, AF17299131 Marine 0.752

CC32P 1 Vibrio nereis ATCC 25917, X7471632 Marine 0.974

Rosario24.17 5

Symbiont of Anodontia phillipiana (bivalve mollusc) gill,

L2571133 Marine 0.769



Phylogenetic group Clone N Closest relative RDB Habitat

RDB similarity

score

Hundido26.20 2 Pseudomonas str. S2, AJ00281334 Gut of soil microarthropod 0.756

Hundido26.11 2 Curacaobacter baltica str.OS 140, AJ00200635 Marine 0.87

Hundido26.7 3 � proteobacteria HTB010, AB01085836 Marine 0.905

Calaveras29.9 14 Proteobacteria SCB11, Z31658 Marine 0.836

Calaveras29.17 1 Uncultured gamma proteobacterium OM60, U7069637 Marine 0.854

Calaveras29.1 1 Alterosomas macleodii DSM 6062, Y1822838 Marine 0.93

Chloroflexi Rosario24.49 1 Unc eubacterium WCHA 1-16, AF05060839 Deep contaminated water 0.638

Nitrospira Rosario24.38 1 Eubacteria clone 11-14, Z9570740 Soil 0.716

Bacteroidetes CC16.31 1 Microscilla furvescens str. TV-2 ATCC 23129, M58792 Soil 0.572

CC31P 1 Cytophaga sp. str. BD1-15, AB01552441 Marine 0.716

CC36P 1 Zobellia uliginosa ATCC 14397, M6279942 Marine 0.631

CC26P 1 Uncultured Cytophagales clone QSSC9L-1, AF170779 Marine 0.63

CC50P 1 Microscilla furvescens str. TV-2 ATCC 23129, M58792 Soil 0.683

CC27P 1 Zobellia uliginosa ATCC 14397, M6279942 Marine 0.654

Firmicutes CC16.23 1 Clostridium cellulolyticum ATCC 35319 (T), X7184743 Decayed grass in compost pile 0.733

Planctomycetes CC16.22 1 Planctomycete clone 14, AJ13181944 Biofilm 0.58

Verrucomicrobia CC29P 2 Marinobacter aquaeolei str.VT8, AJ00072645 Vietnamese oil-producing well 0.632

Deinococcus Calaveras28.5 2 Deinococcus sp. str. MBIC3950, AB022911 Not reported 0.93

Archaea Rosario24.44 6 Unidentified archaeon pIVWA2, AB01973046 Hydrothermal vent 0.779



Table 4. ANOVA for the BLAST study

Source DF Sum of squares Mean square F Ratio

Model 9 21,548770 2,39431 14,6746

Error 338 55,148097 0,16316 Prob >F

C Total 347 76,696868 0,22103 < ,0001

The data matrix is available upon request. The studies are: Casamayor 2000 (LAKE1, n = 21 Sulfurous lakes: Cisó lake and Vilar lake,

Spain) Demergasso 2004 (LAKE2, n = 31, Atacama desert, northern Chile ) Humayoun 2002 (LAKE3, n = 63 Mono Lake, California)

Kuske 1997 (SOIL, n = 39, Soils of the arid southwestern United States) Sekigushi 2002 (RIVER, n = 27,  Changjiang River, China),

Angert 1998 (SUBRIVER, n = 16, Sulphur river, parker cave, Kentucky ) Madrid 2001 (SEA, n = 68, Cariaco Basin), Bowman 1999

(ANTLAKE, n = 30, Hypersaline antarctic lakes) Williams 2004 (FRESHWAT n = 17, drinking water in a distribution system

simulator).



Table 5. Morphotypes of cultivated strains in diverse culture media

Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

8423 6-3-35 7-2-36 8-1-4 nc 2 0

8424 6-3-35 7-2-36 8-1-4 nc 2 0

8425 6-3-35 7-2-36 8-1-4 nc 2 0

8426 6-3-35 7-2-36 8-1-4 nc 2 0

8427 6-3-35 7-2-36 8-1-4 nc 2 0

8428 6-3-35 7-2-36 8-1-4 nc 2 0

8429 6-3-35 7-2-36 8-1-4 nc 2 0

8430 6-3-35 7-2-36 8-1-4 nc 2 0

8431 6-3-35 7-2-36 8-1-4 nc 2 0

8432 6-3-35 7-2-36 8-1-4 nc 2 0

8433 6-3-35 7-2-36 8-1-4 nc 2 0

8434 6-3-35 7-2-36 8-1-4 nc 2 0

8435 6-3-35 7-2-36 8-1-4 nc 2 0

8436 6-3-35 7-2-36 8-1-4 nc 2 0

8437 6-3-35 7-2-36 8-1-4 nc 2 0

8438 6-3-35 7-2-36 8-1-4 nc 2 0

8439 nc nc nc nc 2 0

8440 nc nc nc nc nc nc

8441 2.3 nc 1.5 nc 1 0

8442 nc nc nc nc nc nc

8443 nc nc nc nc nc nc

8444 2.2 5.7/p 1.5 nc 1 0

8445 nc nc nc nc nc nc

8446 nc nc nc nc nc nc

8447 nc nc nc nc nc nc

8448 nc 5.8/p nc nc 1 0

8449 nc nc nc nc nc nc

8450 nc nc nc nc nc nc

8451 nc nc nc nc nc nc

8452 6-5-1 nc 8-1-4 nc 1 0

8453 nc nc nc nc nc nc

8454 4-3-36 nc 8-1-4 nc 1 0

8455 7-2-36 6-4-1 8-1-4 nc 2 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

8456 7-2-36 6-4-1 8-1-4 nc 2 0

8457 7-2-36 6-4-1 8-1-4 nc 2 0

8458 7-2-36 6-4-1 8-1-4 nc 2 0

8459 7-2-36 6-4-1 8-1-4 nc 2 0

8460 7-2-36 6-4-1 8-1-4 nc 2 0

8461 7-2-36 6-4-1 8-1-4 nc 2 0

8462 7-2-36 6-4-1 8-1-4 nc 2 0

8463 7-2-36 6-2-7 8-1-4 nc 2 0

8464 7-2-36 6-4-1 8-1-4 nc 2 0

8465 7-2-36 6-4-1 8-1-4 nc 2/1 0

8466 7-2-36 6-4-1 8-1-4 nc 2 0

8467 7-2-36 6-4-1 8-1-4 nc 2 0

8468 7-2-36 6-4-1 8-1-4 nc 2 0

8469 7-2-36 6-4-1 8-1-4 nc 2 0

8470 7-2-36 6-4-1 8-1-4 nc 2 0

8471 nc nc 6-1-5 nc 2 0

8472 nc nc nc nc nc nc

8473 7-2-2 6-4-1 7-2-5 nc 2 0

8474 nc nc nc nc 2/1 0

8475 7-2-2 6-4-1 7-2-5 nc 2 0

8476 nc nc nc nc nc nc

8477 nc nc nc nc nc nc

8478 nc nc 2-3 nc 2 0

8479 7-2-2 6-4-1 7-2-5 nc 2/1 0

8480 2.3c2.1 8-4-9 8-1-2 nc 2 0

8481 nc 6-4-1 2-3 nc 2 0

8482 nc nc 1-5 nc 1 0

8483 2.3c2.1 8-4-9 8-1-2 nc 1 0

8484 nc nc 1-5 nc 2 0

8485 2.3c2.1 8-4-9 8-1-2 nc 2 0

8486 nc nc 1-5 nc 2 0

8487 2.3c1.1 8-6-9 8-1-35 nc 2/1 0

8488 2.3c1.1 8-6-9 8-1-35 nc 2/1 1

8489 2.3c1.1 8-6-9 7-1-2 nc 2/1 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

8490 2.3c1.1 8-6-9 7-1-2 nc 2/1 0

8491 2.3c1.1 8-6-9 7-1-2 nc 2/1 0

8492 1.1 6-7 1-3 nc 1 0

8493 2.3c1.1 8-6-9 7-1-2 nc 2/1 0

8494 2.3c1.1 8-6-9 7-1-2 nc 2/1 0

8495 2.3c1.1 8-6-9 7-1-2 nc 2/1 0

8496 2.3c1.1 8-6-9 7-1-2 nc 2/1 0

8497 2.3c1.1 8-6-9 7-1-2 nc 2/1 0

8498 2.3c1.1 8-6-9 7-1-2 nc 2/1 0

8499 2.3c1.1 8-6-9 7-1-2 nc 2/1 0

8500 2.3c1.1 8-6-9 7-1-2 nc 2/1 0

8501 nc nc nc nc nc nc

8502 1.3c1.1 5-7 1-5 nc 2/1 1

8503 2-3-35 6-3-1 1.2 nc 2/1 0

8504 6-2-7 7-1-4 3.2 nc 2 0

8505 6-2-7 7-1-4 3.2 nc 2 0

8506 6-2-7 7-1-4 3.2 nc 2 0

8507 6-2-7 7-1-4 3.2 nc 2 0

8508 6-2-7 7-1-4 3.2 nc 2 0

8509 6-2-7 7-1-4 3.2 nc 2 0

8510 6-2-7 7-1-4 2.3 nc 2 0

8511 6-3-35 6-3-1 2.3 nc 2 0

8512 6-2-7 7-1-4 3.2 nc 2 0

8513 6-2-7 7-1-4 3.2 nc 2 0

8514 6-2-7 7-1-4 1.2 nc 2 0

8515 4-3-35 6-3-1 3.2 nc 2/1 0

8516 6-2-7 7-1-4 1.2 nc 2 0

8517 4-3-35 6-3-1 3.2 nc 2/1 0

8518 6-2-7 3.6 2.3 nc 2 0

8519 4-3-34 5.7p 2.5 nc 2/1 1

8520 4-3-34 5.7p 2.5 nc 2/1 1

8521 4-3-34 5.7p 2.5 nc 2/1 0

8522 4-3-34 5.7p 2.5 nc 1 0

8523 4-3-34 5.7p 2.5 nc 2/1 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

8524 4-3-34 5.7p 2.5 nc 2/1 0

8525 4-3-34 5.7p 2.5 nc 1 0

8526 4-3-34 5.7p 2.5 nc 2/1 1

8527 4-3-34 5.7p 2.5 nc 1 0

8528 4-3-34 5.7p 2.5 nc 2/1 0

8529 4-3-34 5.7p 2.5 nc 2/1 0

8530 4-3-34 5.7p 2.5 nc 2/1 0

8531 4-3-34 5.7p 2.5 nc 1 0

8532 4-3-34 5.7p 2.5 nc 2/1 0

8533 4-3-34 5.7p 2.5 nc 2/1 0

8534 4-3-34 5.7p 2.5 nc 2/1 0

8535 2.2 7-2-36 3.5 nc 2 0

8536 2.2 7-2-36 3.5 nc 2 0

8537 2.2 7-2-36 3.5 nc 2 0

8538 2.2 7-2-36 3.5 nc 3 0

8539 2.2 7-2-36 3.5 nc 2 0

8540 2.2 7-2-36 3.5 nc 2 0

8541 2.2 7-2-36 3.5 nc 2 0

8542 2.2 7-2-36 3.5 nc 2 0

8543 2.2 7-2-36 3.5 nc 2 0

8544 2.2 7-2-36 3.5 nc 2 0

8545 2.2 7-2-36 3.5 nc 2 0

8546 2.2 7-2-36 3.5 nc 2 0

8547 2.2 7-2-36 3.5 nc 2 0

8548 2.2 7-2-36 3.5 nc 2 0

8549 2.2 7-2-36 3.5 nc 2 0

8550 2.2 7-2-36 3.5 nc 2 0

8551 1.3 5.7p 2-5 nc 2/1 0

8552 1-3 5.7p 2-5 nc 2/1 0

8553 1-3 5.7p 2-5 nc 2/1 0

8554 1-3 cont 2-5 nc 2/1 0

8555 1-3 5.7p 2-5 nc 2/1 1

8556 1-3 5.7p 2-5 nc 1 0

8557 1-3 5.7p 2-5 nc 1 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

8558 1-1 5.7p 2-5 nc 2/1 0

8559 1-1 5.7p 2-5 nc 2/1 0

8560 1-1 5-7 2-5 nc 2/1 0

8561 1-1 nc 2-5 nc 2/1 0

8562 1-1 nc 2-5 nc 1 0

8563 1-1 nc 2-5 nc 1 0

8564 1-1 5.7p 2-5 nc 1 0

8565 1-1 nc 2-5 nc 2/1 1

8566 1-1 5-7 2-5 nc 1 1

8567 5-4-2 7-2-36 2.5 nc 2 0

8568 5-4-2 7-2-36 2.5 nc 2 0

8569 5-4-2 7-2-36 2.5 nc 2 0

8570 5-2-33 7-2-36 2.5 nc 2 0

8571 5-4-2 7-2-36 2.5 nc 2 0

8572 5-2-33 7-2-36 2.5 nc 2 0

8573 5-4-2 7-2-36 2.5 nc 2 0

8574 5-2-33 7-2-36 2.5 nc 2 0

8575 5-2-33 7-2-36 2.5 nc 2 0

8576 5-4-2 7-2-36 2.5 nc 2 0

8577 5-4-2 7-2-36 2.5 nc 2 0

8578 5-2-33 7-2-36 2.5 nc 2 0

8579 5-2-33 7-2-36 2.5 nc 2 0

8580 5-2-33 7-2-36 2.5 nc 2 0

8581 5-2-33 7-2-36 nc nc 2 0

8582 5-2-33 7-2-36 nc nc nc nc

8583 2-3 2-6 1.5 nc 2 0

8584 nc nc nc nc 2 0

8585 6-2-36 2.3 2.5 nc 2 0

8586 nc nc nc nc nc nc

8587 2.5 3.4 1.3 nc 2 0

8588  7-1-2 6-1-4 3.2 nc 2 0

8589 6-2-36 6-1-4 1.3 nc 2 0

8590 7-1-2 6-1-4 3.2 nc 2 0

8591 6-2-36 6-1-4 1.3 nc 2 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

8592 1.3 2.3 2.5 nc 2 0

8593 1-3 6-1-4 1.3 nc 2 0

8594 nc nc nc nc nc nc

8595 nc 5.7p nc nc 1 0

8596 6-2-36 6-1-4 1.3 nc 1 0

8597 7-1-2 6-1-4 1.3 nc 1 0

8598 nc nc nc nc 2 0

8599 5-4-36 7-4-10 2.1 nc 2/1 0

8600 nc nc nc nc 2 0

8601 nc nc nc nc 2 0

8602 nc nc nc nc 2 0

8603 nc nc nc nc 2 0

8604 nc nc nc nc 2 0

8605 nc nc nc nc 2 0

8606 nc nc 2.3 nc 2 0

8607 nc nc nc nc 2 0

8608 1.1 6-7/p 2.3 nc 2/1 0

8609 1.1 6-7/p nc nc 2/1 0

8610 6-1-4 6-1-4 3.1 nc 2 0

8611 6-5-2 6-1-4/7-4-10 z nc 1 0

8612 6-1-4 6-1-4 3.1 nc 2 0

8613 nc nc nc nc nc 0

8614 6-1-4 6-1-4 3.1 nc 2 0

8615 7-1-35 7-1-4 3.1 nc 2 0

8616 7-1-35 7-1-4 3.1 nc 2 0

8617 nc nc nc nc 1 0

8618 7-1-35 7-1-4 3.1 nc 2 0

8619 7-1-35 7-1-4 3.1 nc 2 0

8620 7-4-36 7-1-4 z nc 2/1 0

8621 nc nc nc nc nc nc

8622 7-1-35 7-1-4 3.1 nc 3 nc

8623 7-4-36 7-1-4 z nc 2/1 1

8624 7-4-36 7-1-4 z nc 2/1 1

8625 7-4-36 7-1-4 z nc 2/1 1



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

8626 7-1-35 7-1-4 3.1 nc nc 1

8627 7-1-35 7-1-4 3.1 nc 2 1

8628 7-1-35 7-1-4 3.1 nc 2 1

8629 7-1-35 7-1-4 3.1 nc 2 1

8630 7-1-35 7-1-4 3.1 nc 2 1

8631 6.3c2.5 3.4 3.2 nc 2 0

8632 7-2-1 7-2-4 3.1 nc 2 0

8633 7-2-1 7-2-4 3.1 nc 2 0

8634 7-2-1 7-2-4 3.1 nc 2 0

8635 7-2-1 7-2-4 3.1 nc 2 0

8636 7-2-1 7-2-4 3.1 nc 2 0

8637 7-2-1 7-2-4 3.1 nc 2 0

8638 7-2-1 7-2-4 3.1 nc 2 0

8639 7-2-1 7-2-4 3.1 nc 2 0

8640 7-2-1 7-2-4 3.1 nc 2 0

8641 7-2-1 7-2-4 3.1 nc 2 0

8642 nc 3.2/p nc nc 2 0

8643 nc 3.2/p nc nc 2 0

8644 nc 3.2/p nc nc 2 0

8645 nc 3.2/p nc nc 2 0

8646  5.4.1 6.6.5 nc nc 3 0

8647 nc 3.2/p nc nc 2 0

8648 nc 3.2/p nc nc 2 0

8649 nc 3.2/p nc nc 2 0

8650 nc 3.2/p nc nc 2 0

8651 nc 3.2/p nc nc 2 0

8652 nc 3.2/p nc nc 2 0

8653 nc 3.2/p nc nc 2 0

8654 nc 3.2/p nc nc 2 0

8655 nc 3.2/p nc nc 2 0

8656 nc nc nc nc 1/2 0

8657 nc nc nc nc 2 0

8658 nc nc nc nc 2 0

8659 nc nc nc nc 2 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

8694 nc nc nc nc nc nc

8695 nc nc nc nc nc nc

8696 nc nc nc nc nc nc

8697 nc nc nc nc 2 0

8698 nc nc nc nc nc nc

8699 nc nc nc nc nc nc

8700 nc nc nc nc nc nc

8701 6-5-6 6-1-4 7-4-8 6-4-13 2 0

8702 nc nc nc nc 1 0

8703 nc nc nc nc 2 0

8704 6-5-6 6-1-4 7-4-8 6-4-13 2 0

8705 6-5-6 6-1-4 7-4-8 6-4-13 2 0

8706 6-5-6 6-1-4 7-4-8 6-4-13 2 0

8707 6-5-6 6-1-4 7-4-8 6-4-13 1.2 0

8708 6-5-6 6-1-4 7-4-8 6-4-13 2 0

8709 6-5-6 6-1-4 7-4-8 6-4-13 2 0

8710 6-5-6 6-1-4 7-4-8 6-4-13 2 0

8711 6-5-6 6-1-4 7-4-8 6-4-13 2 0

8712 6-5-6 6-1-4 7-4-8 6-4-13 2 0

8713 6-5-6 6-1-4 7-4-8 6-4-13 2 0

8714 6-5-6 6-1-4 7-4-8 6-4-13 2 0

8715 6-5-6 6-1-4 7-4-8 6-4-13 2 0

8716 6-5-6 6-1-4 7-4-8 6-4-13 2 0

8717 6-5-6 6-1-4 7-4-8 6-4-13 2 0

8718 6-5-6 6-1-4 7-4-8 6-4-13 2 0

8719 6-5-6 6-1-4 7-4-8 6-4-13 2 0

8720 n.c 6.5.11poco 7-2-1 75-7-8 1 0

8721 n.c 6.5.11poco 7-2-1 75-7-8 1 0

8722 n.c 6.5.11poco 7-2-1 75-7-8 1 0

8723 n.c 6.5.11poco 7-2-5 75-7-8 1 0

8724 n.c 6.5.11poco 7-2-1 75-7-8 1 0

8725 4-4-1 6.1.4poco 7-4-8 nc 3 0

8726 n.c 6.5.11poco 7-2-1 75-7-8 1 0

8727 n.c 7-5-11 nc 85-7-8 1 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

8728 4-4-35 7-5-11 7-4-7 85-7-8 3 0

8729 4-4-35 6-3-10 7-4-7 nc 3 0

8730 6-3-35 7.5.11 7-3-2 85-7-8 1 0

8731 nc nc 2-1 85-7-8 1 0

8732 nc nc 2-1 85-7-8 1 0

8733 4-4-35 6-3-10 7-4-7 nc 3 0

8734 6-3-35 nc 7-4-7 nc 3 0

8735 7-3-35 95-3-10 7-3-1 85-7-8 3 1

8736 7-2-35 6-3-10 7-2-7 5-3-13 2 0

8737 7-2-35 6-3-10 7-2-7 5-3-13t 2 0

8738 7-2-35 6-3-10 7-2-7 5-3-13 2 0

8739 7-2-35 6-3-10 7-2-7 5-3-13 2 0

8740 7-4-35 7-3-6 7-2-7 5-3-13 2 0

8741 7-2-35 6-3-10 7-2-7 5-3-13 2 0

8742 7-2-35 8-10-35 7-2-7 5-3-13 2 0

8743 7-2-35 6-3-10 7-2-7 5-3-13 2 0

8744 7-2-35 6-3-10 7-2-7 5-3-13 2 0

8745 7-2-35 6-3-10 7-2-7 5-3-13 2 0

8746 7-4-10 7-3-6 7-2-7 5-3-13 2 0

8747 7-4-10 7-3-6 7-2-7 5-3-13 2 0

8748 7-2-35 6-3-10 7-2-7 5-3-13 2 0

8749 7-2-35 6-3-10 7-4-7 5-3-13 2 0

8750 7-2-35 6-3-10 7-4-7 5-3-13 2 0

8751 7-4-10 7-3-6 7-4-7 nc 1 1

8752 7-2-35 7-3-6 7-4-7 85-7-8 1 0

8753 nc nc nc nc 2 0

8754 nc nc nc nc nc nc

8755 nc nc nc nc 2 0

8756 7-3-1 95-1-11 7-2-3 5-3-13 2 0

8757 n.c 7-3-6 7-2-7 85-7-8 2 0

8758 nc nc nc nc 2 0

8759 7-3-1 95-1-11 7-2-3 5-3-13 2 0

8760 7-3-1 95-1-11 7-2-3 5-3-13 2 0

8761 nc nc nc nc 2 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

8762 nc nc nc nc 2 0

8763 7-4-10 7-3-6 7-2-7 nc 2 0

8764 nc nc nc nc 2 0

8765 nc nc nc nc 1/2 0

8766 7-3-1 7-4-35 7-2-3 5-3-13 2 0

8767 6-3-1 9-1-11 7-2-3 5-3-13 2 0

8768 6-3-1 9-1-11 7-2-3 nc 2 0

8769 6-3-1 9-1-11 7-2-3 5-3-13 2 0

8770 6-3-1 9-1-11 7-2-3 5-3-13 2 0

8771 6-3-1 7-3-6 7-2-3 nc 2 0

8772 6-3-1 7-3-6 nc 5-3-13 2 0

8773 7-4-10 7-3-6 nc nc 2 0

8774 nc nc 2.1 85-7-8 1 0

8775 nc nc 2.1 85-7-8 1 0

8776 7-4-10 7.3.6 nc nc 2 0

8777 7-4-10 7-3-6 nc nc 2 0

8778 7-4-10 7-3-6 7-2-7 nc 2 0

8779 7.5 4.5 2.5 nc 2/1 0

8780 7-4-10 4-5 7-2-7 nc 2/1 0

8781 7-4-10 4-5 nc nc 2/1 0

8782 nc nc nc nc nc nc

8783 2-1 nc nc nc 2 0

8784 4-2-36 7-5-11 7-2-7 85-7-8 2/1 1

8785 4-2-36 nc 7-2-7 85-7-8 2/1 1

8786 4-2-36 7-5-11 7-2-7 85-7-8 2/1 1

8787 4-2-36 nc 7-2-7 85-7-8 2/1 1

8788 4-2-36 7-5-11 7-2-7 85-7-8 2/1 1

8789 4-2-36 7-5-11 7-2-7 85-7-8 2/1 1

8790 4-2-36 7-5-11 7-2-7 85-7-8 2/1 1

8791 nc nc nc nc 2 0

8792 4-2-36 7-5-11p 7-2-7 85-7-8 2/1 1

8793 4-2-36 7-5-11p 7-2-7 85-7-8 2/1 1

8794 4-2-36 7-5-11p 7-2-7 85-7-8 2/1 1

8795 4-2-36 7-5-11p 7-2-7 85-7-8 2/1 1



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

8796 4-2-36 7-5-11p 7-2-7 85-7-8 2/1 1

8797 4-2-36 7-5-11p 7-2-7 85-7-8 2/1 1

8798 4-2-36 7-5-11p 7-2-7 85-7-8 2/1 1

8799 nc nc nc nc 2 0

8800 7-4-10 nc 7-2-7 nc 2 0

8801 7-4-10 nc 7-2-7 nc 2 0

8802 nc nc nc nc 2 0

8803 7-4-10 7-3-6 7-2-7 nc 2 0

8804 7-4-10 7-3-6 7-2-7 nc 2 0

8805 7-4-10 7-3-6 7-2-7 nc 2 0

8806 2.5 4.5 nc nc 2 0

8807 nc nc nc nc 2 0

8808 nc 75-3-36 7-2-7 nc nc nc

8809 7-4-10 7-3-6 7-2-7 nc 2 0

8810 7-4-10 7-3-6 7-2-7 nc 2 0

8811 7-4-10 7-3-6 7-2-7 nc 2 0

8812 nc nc nc nc nc nc

8813 7-4-10 nc 7-2-7 nc 2 0

8814 7-4-10 nc 7-2-7 nc 2 0

8815 nc nc nc nc 2 0

8816 nc nc nc nc nc nc

8817 nc nc nc nc nc nc

8818 nc nc nc nc nc nc

8819 nc nc nc nc 2 0

8820 nc nc nc nc nc nc

8821 nc nc nc nc nc nc

8822 nc nc nc nc nc nc

8823 nc nc nc nc nc nc

8824 nc nc nc nc nc nc

8825 nc nc nc nc nc nc

8826 nc nc nc nc nc nc

8827 nc nc nc nc nc nc

8828 nc nc nc nc nc nc

8829 nc nc nc nc nc nc



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

8830 nc nc nc nc 2 0

8831 nc nc nc nc 2 0

8832 1-7-10 7-3-6 5-3-5 nc 2 0

8833 6-5-1 9-6-9 p 8-3-7 85-7-8 3 0

8834 7-4-10 9-1-33 8-2-6 nc 2 0

8835 nc nc nc nc 2 0

8836 7-4-10 8-2-36 8-3-7 nc 2 0

8837 6-5-1 9-6-9 p 8-3-7 85-7-8 1 1

8838 nc nc nc nc 2 0

8839 nc nc nc nc 2 0

8840 nc 8-2-36 5-3-5 nc 2 0

8841 nc nc nc nc 2 0

8842 7-4-10 9-1-33 8-2-6 nc 2 0

8843 7-2-35 7-3-6 5-3-5 nc 2 0

8844 nc nc nc nc 2 0

8845 nc nc nc nc 2 0

8846 7-2-36 7-1-33 5-3-3 nc 2 0

8847 7-4-10 9-1-33 5-3-5 85-7-8 1 1

8848 nc 8-85-1 p 8-1-35 85-7-8 1 0

8849 nc 8-85-1 p 8-1-35 85-7-8 1 0

8850 7-4-10 8-85-1 p 8-1-35 85-7-8 1 0

8851 nc 8-85-1 p 8-1-35 85-7-8 1 0

8852 7-4-10 9-1-33 8-3-7 nc 2 0

8853 7-4-10 9-1-33 8-3-7 nc 2 0

8854 7-4-10 9-1-33 8-3-7 nc 2 0

8855 7-4-10 9-1-33 8-3-7 nc 2 0

8856 nc nc nc nc 2 0

8857 nc nc nc nc 2 0

8858 nc 8.85.10p 8-1-35 85-7-8 1 0

8859 nc 8.85.10p 8-1-35 85-7-8 1 0

8860 1.3c1.1 8.85.10p 8-1-35 85-7-8 1 1

8861 nc 8.85.10p 8-1-35 85-7-8 1 0

8862 nc 8.85.10p 8-1-35 85-7-8 1 0

8863 5-4-36p 8-2-15p 6-5-2 6-3-15 2/1 1



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

8864 nc 8-85-10 p 8-1-35 85-7-8 1 0

8865 nc 8-85-10 p 8-1-35 85-7-8 1 0

8866 5-4-36 p 8-2-15p 6-5-2 6-3-15 2/1 0

8867 nc 8-85-10 p 8-1-35 6-3-15 1 0

8868 nc 8-85-10 p 8-1-35 6-3-15 1 0

8869 nc 8-85-10 p 8-1-35 6-3-15 1 0

8870 nc 8-85-10 p 8-1-35 6-3-15 1 0

8871 nc 8-85-10 p 8-1-35 6-3-15 1 0

8872 nc 8-85-10 p 8-1-35 6-3-15 1 0

8873 nc 8-85-10 p 8-1-35 6-3-15 1 0

8874 nc 8-85-10 p 8-1-35 6-3-15 1 0

8875 nc 8-85-10 p 8-1-35 6-3-15 1 0

8876 nc 8-85-10 p 8-1-35 6-3-15 nc nc

8877 nc nc nc nc 2 0

8878 nc nc nc nc nc nc

8879 nc nc nc nc nc nc

8880 nc nc nc nc nc nc

8881 nc nc nc nc nc nc

8882 nc nc nc nc nc nc

8883 nc nc nc nc nc nc

8884 nc nc nc nc nc nc

8885 nc nc nc nc nc nc

8886 nc nc nc nc nc nc

8887 nc nc nc nc nc nc

8888 nc nc nc nc nc nc

8889 nc nc nc nc nc nc

8890 nc nc nc nc nc nc

8891 nc nc nc nc nc nc

8892 nc nc nc nc nc nc

8893 6-4-1 nc 8-3-7 85-7-8 nc nc

8894 nc nc nc nc 2 0

8895 nc nc nc nc 2 0

8896 7-4-2 9-4-10 8-3-7 85-7-8 2 0

8897 nc nc nc nc 2 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

8898 nc nc nc nc 2 0

8899 nc nc nc nc 2 0

8900 1.3c1.1 9-6-9 p 8-3-7 85-7-8 2 0

8901 7-2-36 7-1-33 8-3-7 nc 1 1

8902 6-5-1 9-4-10 8-3-7 85-7-8 1 1

8903 6-5-1 nc 8-3-7 85-7-8 1 0

8904 nc 85-2-5 p poco nc 2/1 0

8905 7-4-10 9-1-33 poco nc 2 0

8906 7-4-10 9-1-33 poco nc 2 0

8907 5-3-3 7-1-33 6-3-5 nc 2 0

8908 nc 8-85-10 p 6-3-5 85-7-8 2 0

8909 nc 8-85-10 p 6-3-5 85-7-8 1 0

8910 nc 8-85-10 p 6-3-5 85-7-8 1 0

8911 4-2-36 p 8-85-10 p 5-3-4 85-7-8 1 0

8912 4-2-36 p 8-85-10 p 5-3-4 85-7-8 1 0

8913 4-2-36 p 8-85-10 p 5-3-4 85-7-8 1 0

8914 4-2-36 p 8-85-10 p 5-3-4 85-7-8 1 0

8915 4-2-36 p 8-85-10 p 5-3-4 85-7-8 1 0

8916 4-2-36 p 8-85-10 p 5-3-4 85-7-8 1 0

8917 4-2-36 p 8-85-10 p 5-3-4 85-7-8 1 0

8918 4-2-36 p 8-85-10 p 5-3-4 85-7-8 1 0

8919 4-2-36 p 8-85-10 p 5-3-4 85-7-8 1 0

8920 4-2-36 8-85-10 p 7-4-7 85-7-8 1 0

8921 4-2-36 p 8-85-10 p 5-3-4 85-7-8 1 0

8922 4-2-36 p 8-85-10 p 5-3-4 85-7-8 1 0

8923 4-2-36 p 8-85-10 p 5-3-4 85-7-8 2/1 1

8924 2.3c1.1 85-4-13 5-3-4 9-3-8 2/1 1

8925 4-2-36 p 8-85-10 75-3-2 5-3-13 2/1 1

8926 2.3c1.1 85-4-13 6-3-3 9-3-8 2/1 1

8927 4-2-36 85-4-13p 6-3-6 9-3-8 2/1 1

8928 4-2-36 85-4-13p 6-3-6 9-3-8 2/1 0

8929 4-2-36 85-4-13p 6-3-6 9-3-8 2/1 1

8930 4-2-36 85-4-13p 6-3-6 9-3-8 2/1 1

8931 4-2-36 85-4-13p 6-3-6 9-3-8 2/1 1



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

8932 4-2-36 85-4-13p 6-3-6 9-3-8 2/1 1

8933 4-2-36 85-4-13p 6-3-6 9-3-8 1 1

8934 4-2-36 85-4-13p 6-3-6 9-3-8 2/1 1

8935 nc 85-4-13p 7-2-3 5-3-13 2/1 1

8936 4-2-36 85-4-13p 6-3-6 9-3-8 2/1 1

8937 4-2-36 85-4-13 6-3-6 9-3-8 2/1 1

8938 4-2-36 85-4-13p 6-3-6 9-3-8 2/1 1

8939 8-1-2 7-2-3 p 7-2-5 9-3-8 2 0

8940 8-1-2 7-2-3 7-2-5 9-3-8 2 0

8941 7-4-10 7-2-3 7-4-8 9-3-8 2 0

8942 7-4-10 7-2-3 7-4-8 9-3-8 2 0

8943 7-4-10 7-2-3 7-4-8 nc 2 0

8944 7-4-10 7-2-3 7-4-8 nc 2/1 0

8945 8-1-2 7-2-3 7-4-8 nc 2 0

8946 7-4-10 7-2-3 7-4-8 nc 2 0

8947 8-1-2 7-2-3 7-4-8 nc 2 0

8948 8-1-2 7-2-3 7-4-8 nc 2 0

8949 7-4-10 7-2-3 7-4-8 nc 2 0

8950 7-4-10 7-2-3 7-4-8 nc 2 0

8951 8-1-2 7-2-3 7-4-8 nc 2/1 0

8952 7-4-10 7-2-3 7-4-8 nc 2 0

8953 7-4-10 7-2-3 7-4-8 nc 2 0

8954 8-1-2 7-2-3 7-4-8 6-3-18 p 2 0

8955 8-1-2 7-2-3 7-4-8 6-3-18 p 2 0

8956 8-1-2 7-2-3 7-4-8 6-3-18 p 2 0

8957 8-1-2 7-2-3 7-4-8 nc 2 0

8958 8-1-2 7-2-3 7-4-8 nc 2 0

8959 8-1-2 7-2-3 7-4-8 nc 2 0

8960 8-1-2 7-2-3 7-4-8 6-3-18 p 2 0

8961 8-1-2 7-2-3 7-4-8 6-3-18 p 2 0

8962 8-1-2 7-2-3 7-4-8 6-3-18 p 2 0

8963 8-1-2 7-2-3 7-4-8 6-3-18 p 2 0

8964 8-1-2 7-2-3 7-4-8 6-3-18 p 2 0

8965 8-1-2 7-2-3 7-4-8 6-3-18 p 2 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

8966 8-1-2 7-2-3 7-4-8 6-3-18 p 2 0

8967 8-1-2 7-2-3 7-4-8 6-3-18 p 2 0

8968 8-1-2 7-2-3 7-4-8 6-3-18 p 2 0

8969 8-1-2 7-2-3 7-4-8 6-3-18 p 2 0

8970 8-1-2 7-2-3 7-4-8 6-3-18 p 2 0

8971 nc nc nc nc 2/1 0

8972 8-1-2 7-2-3 nc 9-3-8 1 0

8973 6-4-1 nc 8-1-2 9-3-8 2 0

8974 nc 7-2-3 nc 9-3-8 2/1,1 0

8975 6-4-1 nc 8-1-2 9-3-8 1 0

8976 7-1-2 7-2-3 7-4-8 nc 1 0

8977 2.5 1.6 1.5 nc 2 0

8978 7-1-2 7-2-3 7-4-8 nc 2 0

8979 7-1-2 7-2-3 7-4-8 nc 2 0

8980 7-1-2 7-2-3 7-4-8 nc 2 0

8981 6-4-1 nc 8-1-2 9-3-8 1 0

8982 7-1-2 7-2-3 7-4-8 nc 2 0

8983 7-1-2 7-2-3 7-4-8 nc 2 0

8984 7-1-2 7-2-3 8-1-2 nc 2 0

8985 6-4-1 nc 1.3 nc 1 0

8986 7-1-2 7-2-3 1-6-3 9-3-8 2/1 0

8987 2.5 1-6 1-5 nc 2 0

8988 2.2 2.6 1.5 5.6 de VB 1 0

8989 nc 5-5 3-5 5.6 de VB 1 0

8990 nc 5-5 3-5 5.6 de VB 1 0

8991 nc 8-85-10 8-2-6 5.6 de VB 1 0

8992 nc 5-5 3-5 5.6 de VB 2/1 0

8993 nc 5-5 3-5 5.6 de VB 2/1 0

8994 nc 5-5 3-5 5.6 de VB 1 0

8995 nc nc nc nc 2 0

8996 nc nc nc nc 2 0

8997 nc 8-85-10 8-2-6 nc 1 0

8998 nc 5-5 3-5 5.6 de VB 2/1 0

8999 nc 8-85-10 7-4-7 nc 1 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

9000 nc nc nc nc 1/2 0

9001 2.4c1.1 9-5-10 85-2-4 85-5-8 2/1 1

9002 6-2-36 p 95-3-10 p 8-3-7 3-2.5-9 3 0

9003 6-2-36 p 95-3-10 p 8-2-6 p 3-2.5-9 3 0

9004 8-1-35 p 95-3-10 p 8-2-6 p 8-8-9 1 1

9005 8-2-5 7-1-35 8-3-9p 8-8-9 1 0

9006 nc nc nc 5.6 de VB 1 0

9007 6-5-1 7-3-1 8-3-7 5.6 de VB 2/1 0

9008 7-2-2 75-3-2 85-2-4 nc 2 0

9009 7-2-2 75-3-2 85-2-4 nc 2 0

9010 nc 9-5-9 nc 5.6 de VB 1/2 0

9011 5-4-1 9-6-10 6-5-34 nc 3 1

9012 nc 5-5 3-5 nc 1 0

9013 7-2-5 8-3-8 7-4-7 nc 2 0

9014 nc 8-5-8 nc 8-8-9 1 0

9015 1.4 3.4 1.5 nc 2 0

9016 nc nc nc nc nc nc

9017 7-3-6 6-4-7 8-3-7 8-8-9 1 0

9018 7-3-6 6-4-7 8-3-7 nc 2 0

9019 7-3-6 6-4-7 8-2-6/p 85-5-8 1 0

9020 7-3-6 6-4-7 8-3-7 nc 2/1 0

9021 nc nc nc nc 2/1 0

9022 nc nc 1.2 5.6 de VB 1/2 0

9023 nc nc nc nc 2 0

9024 nc nc nc nc 2 0

9025 nc nc nc nc nc nc

9026 nc nc nc nc nc nc

9027 nc nc nc nc nc nc

9028 6-2-36/p 95-3-10 8-3-7 nc 3 0

9029 6-2-36 95-3-10 8-3-7 3-2.5-9 3 0

9030 nc nc nc nc nc nc

9031 8-1-35 7-1-35 8-3-7 nc 3 0

9032 nc nc nc nc nc nc

9033 nc nc nc nc nc nc



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

9034 nc nc nc nc 2 0

9035 6.2c1.2 nc nc nc 2/1 0

9036 nc nc nc nc 2 0

9037 8-1-35 7-1-35 8-3-7 nc 2 0

9038 8-1-35 7-1-35 8-3-7 nc 2 0

9039 8-1-35 7-1-35 8-3-7 nc 2 0

9040 nc nc nc nc nc nc

9041 nc nc nc nc nc nc

9042 8-1-35 7-1-35 8-3-7 nc 2 0

9043 8-1-35 7-1-35 8-3-7 nc 2 0

9044 2.5 3.4 2.3 nc 2 0

9045 nc nc nc nc nc nc

9046 nc nc nc nc nc nc

9047 nc nc nc nc nc nc

9048 nc nc nc nc nc nc

9049 nc nc nc nc nc nc

9050 nc nc nc nc nc nc

9051 nc nc nc nc nc nc

9052 nc nc nc nc nc nc

9053 nc nc nc nc nc nc

9054 nc nc nc nc nc nc

9055 nc nc nc nc nc nc

9056 nc nc nc nc nc nc

9057 nc nc nc nc nc nc

9058 nc nc nc nc nc nc

9059 nc nc nc nc nc nc

9060 7-4-1 75-5-15 8-1-33 nc 2/1 0

9061 7-4-1 nc 8-1-33 nc 2/1 0

9062 7-4-1 nc 8-1-33 nc 2/1 0

9063 7-4-1 75-5-15 8-1-33 nc 2/1 0

9064 7-4-1 nc 8-1-33 nc 2/1 0

9065 7-4-1 nc 8-1-33 nc 2/1 0

9066 7-4-1 nc 8-1-33 nc 2/1 0

9067 7-4-1 nc 8-1-33 nc 2/1 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

9068 7-4-1 nc 8-1-33 nc 2/1 0

9069 7-4-1 nc 8-1-33 nc 2/1 0

9070 nc 8-1-33 nc 2/1 0

9071 7-4-1 nc 8-1-33 9-4-8 2/1 0

9072 7-4-1 nc 8-1-33 9-4-8 2/1 0

9073 7-4-1 nc 8-1-33 9-4-8 2/1 0

9074 7-4-1 nc 8-1-33 9-4-8 2/1 0

9075 nc nc nc nc 2 0

9076 nc nc nc nc 2 0

9077 nc nc nc nc 2 0

9078 nc nc nc nc 2 0

9079 nc nc nc nc 2 0

9080 nc nc nc nc 2 0

9081 nc nc nc nc 2 0

9082 8-1-35 7-1-35 8-3-7 nc 2 0

9083 8-1-35 7-1-35 8-3-7 nc 2 0

9084 nc nc nc nc 2 0

9085 nc nc nc nc 2 0

9086 nc nc nc nc 2 0

9087 nc nc nc nc 2 0

9088 nc nc nc nc 2 0

9089 nc nc nc nc 2 0

9090 nc nc nc nc 2 0

9091 2.5c1.1 nc 2-5 nc 1 0

9092 contaminada 2-6 2-3 nc 2 0

9093 2-3 2-6 1-5 nc 1 0

9094 contaminada 2-6 2-5 9-6-9 1 0

9095 2-3 nc 1-5 nc 1 0

9096 contaminada 2-6 2-3 nc 2 0

9097 contaminada 2-6 2-3 nc 1 0

9098 contaminada 2-6 2-5 nc 1 0

9099 2-3 2-6 2-5 nc 1 0

9100 contaminada 2-6 2-5 nc 1 0

9101 contaminada 2-6 2-5 9-6-9 2/1 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

9102 contaminada 2-6 2-3 nc 2 0

9103 1-3 6-7 2-5 nc 1 1

9104 2.5c1.3 5-8 2-5 nc 2/1 1

9105 2.5c1.3 5-8 2-5 nc 2/1 0

9106 2.5c1.3 1-6 2-5 nc 2/1 0

9107 nc nc nc nc 2 0

9108 nc nc nc nc 2 0

9109 nc nc nc nc 2 0

9110 nc nc nc nc 2 0

9111 nc nc nc nc 2 0

9112 2-5 1-6 2-5 nc 2 0

9113 nc nc nc nc 2 0

9114 nc nc nc nc 2 0

9115 nc nc nc nc nc nc

9116 nc nc nc nc nc nc

9117 nc nc nc nc 2 0

9118 nc nc nc nc nc nc

9119 2-5 3.4 2-5 nc 2 0

9120 nc nc nc nc nc nc

9121 nc nc nc nc nc nc

9122 nc nc nc nc 2 0

9123 nc nc nc nc 2 0

9124 nc nc nc nc nc nc

9125 nc nc nc nc nc nc

9126 nc nc nc nc nc nc

9127 nc nc nc nc nc nc

9128 nc nc nc nc nc nc

9129 nc nc nc nc nc nc

9130 2.4 3.4 2.3 nc 2 0

9131 2-5 1-6 nc nc 2 0

9132 2.5c1.3 5-8 2-5 nc 1 1

9133 2.5c1.3 5-8 2-5 nc 1 0

9134 2-3 5-8 1-5 nc 2/1 0

9135 2-3 6-7 1-5 nc 1 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

9136 2-3 6-7 1-5 nc 1 0

9137 2-3 6-7 1-5 nc 1 1

9138 2-3 6-7 1-5 nc 1 0

9139 1-1 3-6 2-5 nc 3 0

9140 1-1 6-7 2-5 nc 1 0

9141 1-1 6-7 2-5 nc 1 0

9142 1-1 6-7 2-5 nc 1 0

9143 1-1 6-7 2-5 nc 1 0

9144 1-1 6-7 2-5 nc 1 0

9145 1-1 6-7 2-5 nc 2/1 0

9146 1-1 6-7 2-5 nc 1 0

9147 1-1 6-7 2-5 nc 1 0

9148 1-1 6-7 2-5 nc 1 0

9149 1-1 6-7 2-5 nc 1 0

9150 1-1 6-7 2-5 nc 1 0

9151 2-2 nc 1-5 nc 1 0

9152 2-2 nc 1-5 nc 1 0

9153 2-2 nc 1-5 nc 1 0

9154 2-2 nc 1-5 nc 1 0

9155 2-2 nc 1-5 nc 1 0

9156 1.3c1.1 2-6 1-5 nc 1 0

9157 1.3c1.1 2-6 1-5 nc 1 1

9158 1.3c1.1 2-6 1-5 nc 1 0

9159 2-2 5-7 1-3 nc 1 0

9160 1.3c1.1 nc 2-1 nc 1 1

9161 1.3c1.1 nc 2-1 nc 1 0

9162 1.3c1.1 5-8 1-5 nc 2/1 0

9163 1.3c1.1 5-8 1-5 nc 2/1 0

9164 1.3c1.1 5-7 1-5 nc 1 1

9165 1.3c1.1 5-7 2-1 nc 1 0

9166 nc nc nc nc ? ?

9167 1-1 nc 1-3 nc 1 1

9168 1-1 nc 1-3 nc 1 0

9169 1-1 nc 1-3 nc 2/1 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

9170 1-1 nc 1-3 nc 2/1 0

9171 1-3 nc 2-1 nc 1/2 0

9172 1-2 nc 2-1 nc 1/2 0

9173 1-2 nc 2-1 nc 1/2 0

9174 1-3 nc 2-1 nc 1/2 0

9175 2.3c1.1 5-7 1-5 nc 1 1

9176 1-1 nc 1-2 nc 1 1

9177 1-1 nc 1-2 nc 2/1 0

9178 1-1 nc 1-2 nc 2/1/2 0

9179 1-1 nc 2-5 nc 1/2 0

9180 1-1 nc 1-2 nc 2/1 0

9181 1-1 5-7 1-2 nc 2/1 0

9182 1-1 nc 1-2 nc 1/2 0

9183 1-1 nc 1-2 nc 1/2 0

9184 1-1 nc 1-2 nc 1 0

9185 1-1 nc 1-2 nc 1 0

9186 2.2 5.7 2.1 nc 1 0

9187 1.1 nc 2.3 nc 2/1 1

9188 1.1 nc 1.3 nc nc nc

9189 2.1 5.7 2.1 nc 1 0

9190 1-1 nc 1-2 nc 2/1 0

9191 1-1 nc 1-2 nc 1 0

9192 1-1 nc 1-2 nc 1 0

9193 2-1 nc 2-3 nc 2/1 0

9194 2-1 nc 2-3 nc 2/1 0

9195 2-1 nc 2-3 nc 1 0

9196 2-1 nc 2-3 nc 2/1 0

9197 2-1 nc 2-3 nc 2/1 0

9198 2-1 nc 2-3 nc 2/1 0

9199 1-2 nc 2-3 nc 1/2 0

9200 1-2 nc 2-3 nc 2/1 0

9201 1.2c1.1 nc 2-3 nc 2/1 0

9202 1.2c1.1 nc 2-3 nc 2/1/2 0

9203 1.2c1.1 nc 2-3 nc 1 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

9204 1.2c1.1 nc 2-3 nc 2/1/2 0

9205 1.2c1.1 nc 2-3 nc 1/2 0

9206 1-4 nc 2-3 nc 1/2 0

9207 1.2c1.1 nc 2-3 nc 1 0

9208 2.2c1.1 nc 2-3 nc 1 0

9209 2.2c1.1 nc 1-3 nc 1 0

9210 2.2c1.1 nc 1-3 nc 1 0

9211 1.1 5.7p 1.2 nc 1 0

9212 2.2c1.1 1-3 nc 1 0

9213 2.2c1.1 1-3 nc 1 0

9214 2.2c1.1 nc nc 1/2 0

9215 2.2c1.1 nc nc 1/2 0

9216 nc 1-3 nc 1 0

9217 1.1 5.5 2.3 nc 2/1 1

9218 2.2c1.1 2.3 nc 1 0

9219 1.1 2.1 nc 2 0

9220 1.1 5.5 2.3 nc 2/1 1

9221 2.2c1.1 5.5 2.1 nc 1 0

9222 1.1 5.5 2.3 nc 1 0

9223 2.2c1.1 5-5 2.1 nc 1 1

9224 1.1 nc 2.1 nc 1/2 0

9225 2.5 2.6 2.1 nc 2 0

9226 2.5 2.6 2.1 nc 2 0

9227 2.5 2.6 2.1 nc 2 0

9228 2.5 2.6 2.1 nc 2 0

9229 2.5 2.6 2.1 nc 2 0

9230 2.5 2.6 2.1 nc 2 0

9231 2.4 2.6 1.3 nc 2 0

9232 2.4 2.6 3.5c1.3 nc 2 0

9233 2.4 2.6 3.5c1.3 nc 2 0

9234 2.4 2.6 3.5c1.3 nc 2 0

9235 2.4 2.6 3.5c1.3 nc 2 0

9236 2.4 2.6 3.5c1.3 nc 2 0

9237 2.4 2.6 3.5c1.3 nc 2 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

9238 2.4 2.6 3.5c1.3 nc 2 0

9239 2.4 2.6 3.5c1.3 nc 2 0

9240 2.4 2.6 3.5c1.3 nc 2 0

9241 1.1 nc 1.3 nc 1/2 0

9242 1.1 2.6 1.3 nc 1 0

9243 1.1 2.6 1.3 nc 1/2 0

9244 1.1 2.6 1.3 nc 1 0

9245 1.1 2.6 1.3 nc 1 0

9246 1.1 2.6 1.3 nc 1 0

9247 1.1 nc 1.2 nc 1 0

9248 1.1 nc 2.1 nc 2/1 0

9249 1.1 nc 2.1 nc 2/1 0

9250 1.1 nc 1.2 nc 1 0

9251 1.1 nc 2.1 nc 1 0

9252 1.1 nc 2.1 nc 1/2 0

9253 1.1 nc 2.1 nc 2/1 0

9254 1.1 nc 2.1 nc 2/1 0

9255 1.1 nc 2.1 nc 2/1 0

9256 1.1 nc 2.1 nc 1/2 0

9257 2.5c1.1 nc 1.2 nc 1/2 0

9258 2.5c1.1 nc 1.2 nc 1 0

9259 2.5c1.1 nc 1.2 nc 1/2 0

9260 2.5c1.1 nc 1.2 nc 1 1

9261 2.5c1.1 nc 1.2 nc 1/2 0

9262 2.2 nc 1.2 nc 2/1 0

9263 2.2 nc 1.5 nc 1 0

9264 2.2 nc 2.5 nc 2/1 0

9265 2.2 nc 2.5 nc 1/2 0

9266 2.2 nc 2.5 nc 1 0

9267 2.2 nc 2.5 nc 1/2 0

9268 2.5c1.1 nc 2.5 nc 1 0

9269 2.5c1.1 nc 2.5 nc 1/2 0

9270 2.5c1.1 nc 2.5 nc 1/2 0

9271 Conta. nc 2.5 nc 1/2 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

9272 2.5c1.1 nc 1.2 nc 1 1

9273 2.5c1.1 nc 2.1 nc 1/2 0

9274 1.1 nc 2.1 nc 1 0

9275 2.5c1.1 nc 2.1 nc 1 0

9276 2.5c1.1 nc 2.1 nc 1/2 0

9277 2.2 nc 2.1 nc 1/2 0

9278 2.5c1.1 nc 2.1 nc 1 0

9279 2.5c1.1 nc 2.1 nc 1 0

9280 2.5c1.1 nc 2.1 nc 1/2 0

9281 2.5c1.1 nc 2.1 nc 1 0

9282 1.1 5.7 1.2 nc 1 0

9283 2.5c1.1 nc 2.1 nc 1 1

9284 1.1 nc 2.1 nc 1/2 0

9285 1.1 nc 2.1 nc 1 0

9286 1.1 nc 2.1 nc 1/2 0

9287 2.5c1.1 nc 2.1 nc 1/2 0

9288 1.3 nc 1.2 nc 1 0

9289 1.3 nc 1.2 nc 1 0

9290 1.3 nc 1.2 nc 1/2 0

9291 1.3 nc 1.2 nc 1 0

9292 1.3c1.1 nc 1.2 nc 1 0

9293 1.3 nc 1.5 nc 1/2 1

9294 1.3 nc 1.2 nc 1 0

9295 1.3c1.1 nc 1.5 nc 1 0

9296 1.3 nc 1.2 nc 1 1

9297 1.3 nc 1.2 nc 1 0

9298 1.3 nc 1.2 nc 1/2 0

9299 1.3 nc 1.2 nc 1/2 0

9300 1.3 nc 1.2 nc 1 0

9301 1.3 nc 1.2 nc 1/2 0

9302 1.3 nc 1.2 nc 1 1

9303 1.3 nc 2.1 nc 1 0

9304 2.5 nc 2.5 nc 2 0

9305 2.2 5.8 2.5 nc 1/2 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

9306 2.3 nc 2.5 nc 1 0

9307 2.3 2.6 1.2 nc 1 0

9308 x 2.6 2.5 nc 1/2 0

9309 2.2 2.6 2.5 nc 1 0

9310 1.3 nc 2.1 nc 1 0

9311 Conta. 2.6 2.5 nc 1 1

9312 2.2 2.6 2.5 nc 1/2 0

9313 x 2.6 2.5 nc 1 0

9314 x 2.6 2.5 nc 2/1 0

9315 x 2.6 2.5 nc 1/2 0

9316 x 2.6 2.5 nc 2/1 0

9317 2.2 3.6 2.5 nc 1 0

9318 6.2c2.2 2.6 2.5 nc 1 0

9319 6.2c2.2 2.6 2.5 nc 1 0

9320 2.2 nc 2.1 nc 1 0

9321 1.1 nc 2.1 nc 1 0

9322 1.1 nc 2.1 nc 1 0

9323 1.1 nc 2.1 nc 1 0

9324 1.1 nc 2.1 nc 1 0

9325 1.1 nc 2.1 nc 1 0

9326 1.1 nc 2.1 nc 1 0

9327 1.1 nc 2.1 nc 1 0

9328 1.1 5.7p 2.1 nc 1/2 0

9329 1.1 nc 2.1 nc 2 0

9330 nc nc 2.3 nc 1/2 0

9331 1.1 nc 2.1 nc 1 0

9332 1.1 nc 2.1 nc 1 0

9333 1.1 nc 2.1 nc 1 0

9334 1.1 5.7p 2.1 nc 1 0

9335 1.1 nc 2.1 nc 1 0

9336 1.4c1.1 nc 2.3 nc 1 0

9337 1.4c1.1 nc 2.3 nc 1/2 0

9338 1.4c1.1 nc 2.3 nc 1/2 0

9339 1.4c1.1 nc 2.3 nc 1/2 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

9340 1.4c1.1 nc 2.3 nc 1 0

9341 1.4c1.1 nc 2.3 nc 1/2 0

9342 1.4c1.1 nc 2.3 nc 1/2 0

9343 1.4c1.1 1.3 2.1 nc 1/2 0

9344 1.4c1.1 1.3 2.1 nc 1 0

9345 1.4c1.1 1.3 2.1 nc 1/2 0

9346 1.4c1.1 1.3 2.1 nc 1/2 0

9347 1.4c1.1 1.3 2.1 nc 1/2 0

9348 1.4c1.1 1.3 2.1 nc 1 0

9349 1.4c1.1 1.3 2.1 nc 1 0

9350 1.4c1.1 1.3 2.1 nc 1 0

9351 1.4c1.1 1.3 2.1 nc 1/2 0

9352 2.1 nc 1.5 nc 1/2 0

9353 2.4 nc 2.5 nc 1 0

9354 2.4 nc 2.5 nc 1 0

9355 75-30-20 3.6 2.1 nc 2 0

9356 75-30-20 3.6 2.1 nc 2 0

9357 75-30-20 3.6 2.1 nc 2 0

9358 75-30-20 3.6 2.1 nc 2 0

9359 2.3 3.6 2.1 nc 2 0

9360 75-30-20 3.6 1.2 nc 2 0

9361 75-30-20 3.6 1.2 nc 2 0

9362 75-30-20 3.6 1.2 nc 2 0

9363 2.3 3.6 1.2 nc 2 0

9364 2.3 3.6 1.2 nc 2 0

9365 75-30-20 3.6 1.2 nc 2 0

9366 75-30-20 3.6 1.2 nc 2 0

9367 75-30-20 5.7 1.2 nc 1 0

9368 2.3 3.6 2.1 nc 1 0

9369 75-30-20 3.6 2.1 nc 1/2 0

9370 75-30-20 3.6 2.1 nc 2 0

9371 75-30-20 3.6 2.1 nc 2 0

9372 75-30-20 3.6 2.1 nc 2 0

9373 75-30-20 3.6 2.1 nc 2 1



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

9374 75-30-20 3.6 2.1 nc 2 0

9375 75-30-20 3.6 2.1 nc 2 0

9376 2.3c1.1 5.8 1.5 nc 2/1 0

9377 2.3c1.1 5.8 1.5 nc 1 0

9378 2.3c1.1 5.8 1.5 nc 1 0

9379 2.3c1.1 5.8 1.5 nc 1 0

9380 2.3c1.1 5.8 1.5 nc 1 0

9381 2.3c1.1 5.8 1.5 nc 1 0

9382 2.3c1.1 5.8 1.5 nc 1 0

9383 2.3c1.1 5.8 1.5 nc 1 1

9384 2.3c1.1 5.8 1.5 nc 1 1

9385 2.3c1.1 5.8 1.5 nc 1 0

9386 75-30-20 3.6 2.1 nc 2 0

9387 75-30-20 3.6 2.1 nc 2 0

9388 75-30-20 3.6 2.1 nc 2 0

9389 2.2 2.6 1.5 nc 2 0

9390 2.2 2.6 1.5 nc 2 0

9391 2.2 2.6 1.5 nc 2 0

9392 2.2 2.6 1.5 nc 2 0

9393 2.2 2.6 1.5 nc 2 0

9394 1.1 5.5 2.3 nc 1 0

9395 2.2 5.4 2.3 nc 1 0

9396 1.1 5.4 2.3 nc 1 0

9397 1.1 5.4 2.3 nc 1 0

9398 1.1 5.4 2.3 nc 1 0

9399 1.1 5.5 2.3 nc 2/1 0

9400 1.1 5.5 2.3 nc 2/1 0

9401 1.1 5.5 2.3 nc 2/1 0

9402 1.1 5.5 2.3 nc 2/1 0

9403 1.1 5.5 2.3 nc 2/1 0

9404 1.1 nc 2.3 nc 1 0

9405 2.2 5.6 2.5 nc 2/1 0

9406 2.3 5.6 2.3 nc 2/1 0

9407 2.3 5.6 2.3 nc 2/1 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

9408 2.2 5.6 2.3 nc 2/1 1

9409 1.1 5.6 2.1 nc 2/1 0

9410 1.1 5.6 2.1 nc 2 0

9411 1.1 5.5 2.1 nc 2/1 0

9412 1.1 5.5 2.1 nc 2/1 0

9413 2.2c1.1 5.6 2.1 nc 2/1 0

9414 1.1 5.6 2.1 nc 2 0

9415 1.1 5.6 2.1 nc 2 0

9416 2.2 5.6 2.1 nc 2 0

9417 2.2c1.1 5.6 2.1 nc 1 0

9418 2.5 2.5 1.5 nc 2/1 0

9419 2.5c2.1 2.5 2.5 nc 2/1 0

9420 2.5c2.1 2.5 1.1 nc 2/1 0

9421 2.3 2.6 2.3 nc 2/1 1

9422 2.5c2.3 3.6 1.5 nc 2/1 0

9423 2.3c2.2 5.6 1.5 nc 2/1 0

9424 2.3c2.2 5.6 1.5 nc 2/1 0

9425 2.3c2.2 nc 1.5 nc 2/1 0

9426 2.3c2.2 5.6 1.5 nc 2/1 0

9427 2.3c2.2 nc 1.5 nc 2/1 0

9428 2.5c1.1 nc 1.5 nc 1 0

9429 2.3c2.2 5.6 1.5 nc 1 1

9430 2.3c2.2 5.6 1.5 nc 2/1 0

9431 2.3c2.2 5.6 1.5 nc 2/1 0

9432 2.3c2.2 5.6 1.5 nc 2/1 0

9433 2.3c2.2 5.6 1.5 nc 2/1 0

9434 2.3c2.2 5.6 1.5 nc 2/1 0

9435 2.3c2.2 5.6 1.5 nc 2/1 0

9436 2.3c2.2 nc 1.5 nc 2/1 0

9437 2.3c2.2 nc 1.5 nc 2/1 0

9438 2.3c1.1 5.7 2.3 nc 1 0

9439 2.3c1.1 5.7 2.3 nc 2/1 0

9440 2.3c1.1 5.7 2.3 nc 1 1

9441 2.3c1.1 5.7 2.3 nc 2/1 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

9442 1.1 5.7 2.3 nc 2/1 0

9443 2.3c1.1 5.7 2.3 nc 1 0

9444 1.1 nc 1.5 nc 2/1 0

9445 1.1 5.7 1.5 nc 2/1 0

9446 1.1 5.7 1.5 nc 1 0

9447 1.1 5.7 1.5 nc 1 0

9448 1.1 5.7 1.5 nc 2/1 0

9449 1.1 5.7 1.5 nc 2/1 0

9450 1.1 5.7 1.5 nc 1 0

9451 1.1 5.7 1.5 nc 2/1 0

9452 1.1 5.7 1.5 nc 2/1 0

9453 1.1 5.7 1.5 nc 1 0

9454 1.1 5.7 1.5 nc 2/1 0

9455 1.1 5.7 1.5 nc 2/1 0

9456 1.1 5.7 1.5 nc 2/1 0

9457 1.1 5.7 1.5 nc 2/1 1

9458 1.1 5.7 1.5 nc 2/1 0

9459 2.2c1.1 5.7 1.5 nc 2/1 0

9460 2.2c3.5 4.6 1.3 nc 2/1 0

9461 2.2c1.1 nc 1.3 nc 1 0

9462 2.2c3.5 3.6 1.3 nc 1 0

9463 2.2c3.5 5.8 1.3 nc 1 0

9464 2.5c2.3 5.8 2.3 nc 2 0

9465 2.5c2.3 4.6c3.6 2.3 nc 2 0

9466 2.5c2.3 4.6c3.6 1.3 nc 2 0

9467 2.5c2.3 4.6c3.6 1.3 nc 2/1 0

9468 2.2 5.8 2.1 nc 2/1 0

9469 2.4 6.7 1.2 nc 1 0

9470 2.4 6.7 1.2 nc 1 0

9471 2.2 nc 1.2 nc 1 0

9472 2.4 6.7 1.2 nc 1 0

9473 2.4 6.7 1.2 nc 1 0

9474 2.3 5.6 1.2 nc 1 0

9475 2.3 5.6 1.2 nc 1 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

9476 2.4 nc 1.2 nc 1 0

9477 2.4 nc 1.2 nc 2 0

9478 nc nc nc nc nc nc

9479 2.3 5.7 1.2 nc 2 0

9480 2.3 5.7 1.2 nc 1 0

9481 2.3 nc 1.2 nc 1 0

9482 2.2 6.7 1.2 nc 1 0

9483 2.1 nc 1.5 nc 1 0

9484 2.1 nc 1.5 nc 1 0

9485 2.1 nc 1.5 nc 1 0

9486 1.1 nc 1.2 nc 1 0

9487 nc nc 1.2 nc 1 1

9488 1.1 nc 2.5 nc 1 0

9489 1.1 nc 1.2 nc 1 0

9490 1.1 nc 2.5 nc 1 0

9491 1.1 nc 2.5 nc 1 0

9492 1.1 nc 2.5 nc 1 0

9493 1.3c2.3 5.7 2.5 nc 2/1 0

9494 1.2 5.7 1.2 nc 1 0

9495 1.3 5.7 1.5 nc 1 0

9496 1.1 5.7 1.2 nc 1 0

9497 1.1 5.7 1.2 nc 1 0

9498 1.1 5.7 1.2 nc 2/1 0

9499 1.3c2.3 5.7 1.2 nc 1 1

9500 1.1 nc 1.2 nc 1 0

9501 2.3 nc 1.2 nc 1 1

9502 1.2 nc 2.5 nc 1 1

9503 1.2 nc 2.5 nc 1 0

9504 1.2 nc 2.5 nc 1 0

9505 1.1 5.7 1.5 nc 1 0

9506 1.1 5.7 1.5 nc 2/1 0

9507 1.1 5.7 1.5 nc 1 0

9508 1.1 5.7 1.5 nc 1 0

9509 1.1 nc 2.5 nc 1 1



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

9510 2.3 nc 2.5 nc 1 0

9511 2.3 nc 2.5 nc 1 1

9512 2.3 nc 2.5 nc 1 0

9513 1.1 nc 2.5 nc 1 0

9514 2.2 5.7 2.5 nc 2/1 0

9515 1.1 nc 2.5 nc 2/1 0

9516 1.1 nc 2.5 nc 1 0

9517 1.1 nc 2.5 nc 1 1

9518 1.1 nc 2.5 nc 1 0

9519 1.1 5.7 2.5 nc 2/1 0

9520 nc nc nc nc nc nc

9521 1.3 5.8 1.5 nc 1 0

9522 1.1 nc 2.5 nc 3 0

9523 1.1 nc 1.2 nc 1 1

9524 1.1 nc 1.2 nc 1 0

9525 1.1 nc 1.2 nc 1 0

9526 1.1 nc 1.2 nc 1 0

9527 2.3 nc 1.2 nc 1 1

9528 1.1 nc 1.2 nc 2/1 0

9529 2.4 nc 1.2 nc 1 0

9530 6.2c2.2 2.6 1.2 nc 2/1 0

9531 2.3 nc 2.1 nc 1 0

9532 2.3 2.6 2.1 nc 2/1 0

9533 6.2c2.2 2.6 2.5 nc 2 0

9534 6.2c2.2 2.6 2.5 nc 2 0

9535 nc nc nc nc nc nc

9536 2.3c1.1 nc 2.5 nc 2/1 0

9537 2.1 nc 2.5 nc 1 0

9538 2.1 nc 2.5 nc 1 0

9539 2.1 nc 2.5 nc 1 0

9540 2.1 nc 2.5 nc 1 0

9541 2.1 nc 2.5 nc 1 0

9542 1.2 nc 2.5 nc 2/3 0

9543 1.1 nc 2.5 nc 1 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

9544 1.1 nc 2.5 nc 1 0

9545 1.1 nc 2.5 nc 1 1

9546 1.3 nc 2.5 nc 2/3 0

9547 1.1 nc 1.2 nc 1 1

9548 1.1 nc 2.5 nc 1/3 0

9549 1.3 nc 2.5 nc 2/3 0

9550 1.3 nc 1.2 nc 1 0

9551 1.1 nc 1.2 nc 1 0

9552 1.1 nc 1.2 nc 1 0

9553 1.1 nc 1.2 nc 1/3 0

9554 1.1 nc 1.2 nc 1 0

9555 1.1 nc 1.2 nc 1 0

9556 1.1 nc 1.2 nc 1/3 0

9557 2.2 nc 1.2 nc 1 0

9558 2.3 2.6 1.2 nc 2 0

9559 2.3 2.6 1.2 nc 2 0

9560 2.3 2.6 1.2 nc 2 0

9561 2.3 2.6 1.2 nc 2 0

9562 2.3 2.6 1.2 nc 2 0

9563 2.3 2.6 1.2 nc 2 0

9564 2.3 2.6 1.2 nc 2 0

9565 2.3 2.6 1.2 nc 2 0

9566 2.3 2.6 1.2 nc 2 0

9567 2.3 2.6 1.2 nc 2 0

9568 2.3 2.6 1.2 nc 2 0

9569 2.2 2.5 2.3 nc 2 0

9570 2.2 2.5 2.3 nc 2 0

9571 2.2 2.5 2.3 nc 2 0

9572 2.2 2.5 2.3 nc 2 0

9573 2.2 2.5 2.3 nc 2 0

9574 2.1 6.7 1.2 nc 1 1

9575 2.2 2.5 1.2 nc 1 1

9576 1.1 6.7 1.2 nc 1 1

9577 1.1 6.7 1.2 nc 1 1



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

9578 1.1 6.7 1.2 nc 1 1

9579 1.1 6.7 1.2 nc 1 1

9580 1.1 6.7 1.2 nc 1 1

9581 1.1 6.7 1.2 nc 1 1

9582 1.1 6.7 1.2 nc 1 1

9583 nc nc nc nc nc nc

9584 1.1 6.7 1.2 nc 1 1

9585 2.2c2.1 5.8 1.5 nc 2/1 1

9586 2.1 6.7 1.2 nc 1 1

9587 2.1 6.7 1.2 nc 1 1

9588 2.1 6.7 1.2 nc 1 1

9589 2.1 6.7 1.2 nc 1 1

9590 2.3c1.1 5.8 1.5 nc 1 1

9591 2.3c1.1 5.8 1.5 nc 2/1 1

9592 2.3c1.1 5.8 1.5 nc 2/1 1

9593 2.3c1.1 5.8 1.5 nc 2/1 1

9594 2.3c1.1 5.8 1.5 nc 2/1 1

9595 2.3c1.1 5.8 1.5 nc 2/1 1

9596 2.3c1.1 5.8 1.5 nc 2/1 1

9597 2.3c1.1 5.8 1.5 nc 2/1 0

9598 2.3c1.1 5.8 1.5 nc 2/1 1

9599 1.1 5.8 1.1 nc 1 1

9600 2.2 2.5 1.2 nc 2/1 1

9601 1.1 nc nc nc 2/1 0

9602 2.3c1.1 5.8 z nc 1 0

9603 1.1 nc 1.1 nc 1 0

9604 2.3c1.1 5.8 1.5 nc 1 0

9605 2.3c1.1 5.8 1.5 nc 1 0

9606 2.3c1.1 5.8 1.5 nc 1 1

9607 1.3 5.8 1.5 nc 2/1 0

9608 2.3c1.1 5.8 1.5 nc 1 1

9609 2.4 2.6 2.3 nc nc nc

9610 2.3c1.1 5.8 1.5 nc 1 1

9611 2.3c1.1 5.8 1.5 nc 1 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

9612 1.3c1.1 5.8 1.5c1.1 nc 1 0

9613 2.1 nc nc nc nc nc

9614 2.3c1.1 5.8 1.5 nc 1 1

9615 nc nc nc nc 1 1

9616 1.3c1.1 5.8 1.5c1.1 nc 1 1

9617 nc nc nc nc nc nc

9618 1.3c1.1 5.8 1.5c1.1 nc 1 1

9619 nc nc nc nc nc nc

9620 1.3c1.1 5.8 1.5c1.1 nc 1 1

9621 2.3c1.1 5.8 1.5 nc 1 0

9622 1.3c1.1 5.8 1.5c1.1 nc 1 1

9623 nc nc nc nc nc nc

9624 1.3c1.1 5.8 1.5c1.1 nc 1 0

9625 2.3c1.1 5.8 1.5 nc 1 0

9626 2.3c1.1 5.8 1.5 nc 2/1 1

9627 nc nc nc nc nc nc

9628 2.3c1.1 5.8 1.5 nc 1 0

9629 nc nc nc nc nc nc

9630 2.3c1.1 5.8 1.5 nc 1 0

9631 2.3c1.1 5.8 1.5 nc 1 0

9632 2.3c1.1 5.8 1.5 nc 1 1

9633 2.3c1.1 5.8 1.5 nc 1 0

9634 2.3c1.1 5.8 1.5 nc 1 0

9635 nc nc nc nc 2/1 1

9636 2.1 nc 1.1 nc 1 0

9637 nc nc nc nc 1 0

9638 nc nc nc nc 1 0

9639 2.3c1.1 5.8 1.5 nc 1 0

9640 2.3c1.1 5.8 1.1 nc 1 0

9641

9642

9643

9644

9645



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

9646

9647

9648

9649 nc nc nc nc nc nc

9650 nc nc nc nc nc nc

9651 nc nc nc nc nc nc

9652 nc nc nc nc nc nc

9653 nc nc nc nc nc nc

9654 2.3 6.7 1.1 nc 1 0

9655 2.3 5.8 2.5 nc 2 0

9656 2.3 5.8 2.5 nc 2 0

9657 2.3 nc 2.5 nc 2 0

9658 2.3 nc 2.5 nc 2 0

9659 2.3 5.8 2.5 nc 2 0

9660 2.3 nc 2.5 nc 2 0

9661 2.3 nc 2.5 nc 2 0

9662 2.3 2.6 1.5 nc 2 0

9663 2.3 2.6 1.5 nc 2 0

9664 2.3 2.6 1.5 nc 2 0

9665 2.3 2.6 1.5 nc 2 0

9666 2.3 2.6 1.5 nc 2 0

9667 2.3 2.6 1.5 nc 2 0

9668 2.3 2.6 1.5 nc 2 0

9669 2.3 2.6 1.5 nc 2 0

9670 2.3 2.6 1.5 nc 2 0

9671 2.3 2.5 2.5 nc 2 0

9672 2.3 2.5 2.5 nc 2 0

9673 2.3 2.5 2.5 nc 2 0

9674 2.3 2.5 2.5 nc 2 0

9675 2.3 2.5 2.5 nc 2 0

9676 2.3 2.5 2.5 nc 2 0

9677 2.3 2.5 2.5 nc 2 0

9678 2.3 2.5 1.5 nc 2 0

9679 2.3 2.5 2.5 nc 2 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

9680 2.3 2.5 2.5 nc 2 0

9681 2.3 2.5 2.5 nc 2 0

9682 2.3 2.5 2.5 nc 2 0

9683 2.3 2.5 2.5 nc 2 0

9684 2.3 2.5 2.5 nc 2 0

9685 2.3 2.5 2.5 nc 2 0

9686 2.3 2.5 2.5 nc 2 0

9687 2.3 2.5 2.5 nc 2 0

9688 2.3 2.5 2.5 nc 2 0

9689 2.3 2.5 2.5 nc 2 0

9690 2.3 2.5 2.5 nc 2 0

9691 2.3 2.5 2.5 nc 2 0

9692 x 1.3 2.1 nc 2 0

9693 x 1.3 2.1 nc 2 0

9694 1.3 2.3 2.3 nc 2 0

9695 1.3 2.3 2.3 nc 2 0

9696 1.3 2.3 2.3 nc 2 0

9697 1.3 2.3 2.3 nc 2 0

9698 1.3 2.3 2.3 nc 2 0

9699 1.3 2.3 2.3 nc 2 0

9700 1.3 2.3 2.3 nc 2 0

9701 1.3 2.3 2.3 nc 2 0

9702 1.3 2.3 2.3 nc 2 0

9703 1.3 2.3 2.3 nc 2 0

9704 1.3 2.3 2.3 nc 2 0

9705 1.3 2.3 2.3 nc 2 0

9706 1.3 2.3 2.3 nc 2 0

9707 1.3 2.3 2.3 nc 2 0

9708 1.3 2.3 2.3 nc 2 0

9709 1.3 2.3 2.3 nc 2 0

9710 1.3 2.3 2.3 nc 2 0

9711 1.3 2.3 2.3 nc 2 0

9712 1.3 2.3 2.3 nc 2 0

9713 1.3 2.3 2.3 nc 2 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

9714 1.3 2.3 2.3 nc 2 0

9715 1.3 2.3 2.1 nc 2 0

9716 2.2 2.5 2.1 nc 2 0

9717 2.2 2.5 2.1 nc 2 0

9718 2.2 2.5 2.1 nc 2 0

9719 2.2 2.5 2.1 nc 2 0

9720 2.2 2.5 2.1 nc 2 0

9721 2.2 2.5 2.1 nc 2 0

9722 2.2 2.5 2.1 nc 2 0

9723 2.2 2.5 2.1 nc 2 0

9724 2.2 2.5 2.1 nc 2 0

9725 2.2 2.5 2.1 nc 2 0

9726 2.2 2.5 2.1 nc 2 0

9727 2.2 2.5 2.1 nc 2 0

9728 2.2 2.5 2.1 nc 2 0

9729 2.2 2.5 2.1 nc 2 0

9730 2.2 2.5 2.1 nc 2 0

9731 2.2 2.5 2.1 nc 2 0

9732 2.2 2.5 2.1 nc 2 0

9733 2.2 2.5 2.1 nc 2 0

9734 2.2 2.5 2.1 nc 2 0

9735 2.2 2.5 2.1 nc 2 0

9736 2.2 2.5 2.1 nc 2 0

9737 1.3 3.2 1.5 nc 2 0

9738 1.3 3.2 1.5 nc 2 0

9739 1.3 3.2 1.5 nc 2 0

9740 1.3 3.2 1.5 nc 2 0

9741 1.3 3.2 1.5 nc 2 0

9742 2.2 2.5 1.5 nc 2 0

9743 2.2 2.5 1.5 nc 2 0

9744 2.2 2.5 1.5 nc 2 0

9745 2.2 2.5 1.5 nc 2 0

9746 2.2 2.5 1.5 nc 2 0

9747 2.2 2.5 1.5 nc 2 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

9748 2.2 2.5 1.5 nc 2 0

9749 2.2 2.5 1.5 nc 2 0

9750 2.2 2.5 1.5 nc 2 0

9751 2.2 2.5 1.5 nc 2 0

9752 2.2 2.5 2.5 nc 2 0

9753 2.2 2.5 2.5 nc 2 0

9754 2.2 2.5 2.5 nc 2 0

9755 2.2 2.5 2.5 nc 2 0

9756 4.3c2.2 2.5 2.5 nc 2 0

9757 2.2 2.5 2.5 nc 2 0

9758 2.2 2.5 2.5 nc 2 0

9759 2.2 2.5 2.5 nc 2 0

9760 2.2 2.5 2.5 nc 2 0

9761 2.4 4.4 1.5 nc 2 0

9762 2.4 4.4 1.5 nc 2 0

9763 2.4 4.4 1.5 nc 2 0

9764 2.4 3.4 1.5 nc 2 0

9765 2.4 4.4 1.5 nc 2 0

9766 2.4 4.4 1.5 nc 2 0

9767 2.4 4.4 1.5 nc 2 0

9768 2.4 4.4 1.5 nc 2 0

9769 xc2.3 2.5 1.5 nc 2 0

9770 xc2.3 nc 2.3 nc 2 0

9771 xc2.3 4.5 2.3 nc 2 0

9772 xc2.3 4.5 2.3 nc 2 0

9773 xc2.3 4.5 2.3 nc 2 0

9774 xc2.3 4.5 2.3 nc 2 0

9775 xc2.3 4.5 2.3 nc 2 0

9776 xc2.3 4.5 2.3 nc 2 0

9777 1.3 2.6 1.3 nc 2 0

9778 1.3 2.6 1.3 nc 2 0

9779 1.3 2.6 1.3 nc 2 0

9780 1.3 2.6 1.3 nc 2 0

9781 1.3 2.6 1.3 nc 2 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

9782 2.3 4.5 1.3 nc 2 0

9783 4.2 4.5 3.5 nc 2 0

9784 4.2 4.5 3.5 nc 2 0

9785 2.3 4.5 1.3 nc 2 0

9786 2.3 4.5 1.3 nc 2 0

9787 2.3 4.5 1.3 nc 2 0

9788 2.3 4.5 1.3 nc 2 0

9789 2.3 4.5 1.3 nc 2 0

9790 2.3 4.5 1.3 nc 2 0

9791 2.3 4.5 1.3 nc 2 0

9792 2.3 4.5 1.3 nc 2 0

9793 2.3 4.5 1.3 nc 2 0

9794 2.3 4.5 1.3 nc 2 0

9795 2.3 4.5 1.3 nc 2 0

9796 2.3 4.5 1.3 nc 2 0

9797 2.3 4.5 1.3 nc 2 0

9798 2.3 4.5 1.3 nc 2 0

9799 2.3 4.5 1.3 nc 2 0

9800 2.3 4.5 1.3 nc 2 0

9801 2.3 4.5 1.3 nc 2 0

9802 2.3 4.5 1.3 nc 2 0

9803 2.3 4.5 1.3 nc 2 0

9804 2.3 4.5 1.3 nc 2 0

9805 2.3 4.5 1.3 nc 2 0

9806 2.3 4.5 1.3 nc 2 0

9807 2.3 4.5 1.3 nc 2 0

9808 2.3 4.5 1.3 nc 2 0

9809 2.3 4.5 1.3 nc 2 0

9810 2.3 4.5 1.3 nc 2 0

9811 2.3 4.5 1.3 nc 2 0

9812 2.3 4.5 1.3 nc 2 0

9813 2.3 4.5 1.3 nc 2 0

9814 2.3 4.5 1.3 nc 2 0

9815 2.3 4.5 1.3 nc 2 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

9816 2.3 4.5 1.3 nc 2 0

9817 2.3 4.5 1.3 nc 2 0

9818 2.3 4.5 1.3 nc 2 0

9819 2.3 4.5 1.3 nc 2 0

9820 2.2 nc nc nc nc nc

9821 2.3 4.5 1.3 nc 2 0

9822 2.2 1.3 2.5 nc 2 0

9823 2.2 1.3 2.5 nc 2 0

9824 2.2 1.3 2.5 nc 2 0

9825 2.2 1.3 2.5 nc 2 0

9826 2.2 1.3 2.5 nc 2 0

9827 2.2 1.3 2.5 nc 2 0

9828 2.2 1.3 2.5 nc 2 0

9829 2.2 1.3 2.5 nc 2 0

9830 2.2 1.3 2.5 nc 2 0

9831 2.2 1.3 2.5 nc 2 0

9832 2.2 1.3 2.5 nc 2 0

9833 2.2 1.3 2.5 nc 2 0

9834 2.2 1.3 2.5 nc 2 0

9835 2.2 1.3 2.5 nc 2 0

9836 2.2 2.3 nc nc 2 0

9837 2.2 1.3 2.5 nc 2 0

9838 2.2 1.3 2.5 nc 2 0

9839 2.2 1.3 2.5 nc 2 0

9840 2.2 1.3 2.5 nc 2 0

9841 2.2 2.3 2.5 nc 2 0

9842 1.1 2.3 1.5 nc 2 0

9843 1.1 2.3 1.5 nc 2 0

9844 1.1 2.3 1.5 nc 1 0

9845 1.1 2.3 1.5 nc 2 0

9846 1.1 2.3 1.5 nc 1 0

9847 1.1 2.3 1.5 nc 1 0

9848 1.1 2.3 1.5 nc 2 0

9849 1.1 2.3 1.5 nc 2 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

9850 1.1 2.3 1.5 nc 2 0

9851 1.1 2.3 1.5 nc 1 0

9852 2.1 2.3 1.5 nc 1 0

9853 2.1 2.3 1.5 nc 2 0

9854 2.1 2.3 1.5 nc 2 0

9855 2.1 2.3 1.5 nc 2 0

9856 2.1 2.3 1.5 nc 2 0

9858 2.3c1.1 5.7 1.5 9-5-10 2/1 1

9859 2.3c1.1 5.7 1.5 9-5-10 2/1 1

9860 2.3c1.1 5.7 1.5 9-5-10 1 1

9861 2.3c1.1 5.7 1.5 9-5-10 2/1 0

9862 1.1 6.7 2.3 9-6-9 1 0

9863 1.1 6.7 2.5 9-6-9 1 0

9864 1.1 6.7 2.5 nc 1 0

9865 1.1 6.7 2.5 nc 1 0

9866 1.1 6.7 1.5 nc 1 0

9867 1.1 6.7 1.5 nc 1 0

9868 1.1 6.7 1.5 nc 2/1 1

9869 1.1 6.7 1.5 nc 1 1

9870 1.1 6.7 1.5 nc 1 1

9871 1.1 6.7 1.5 nc 1 1

9872 1.1 6.7 1.5 nc 1 1

9873 1.1 6.7 1.5 nc 1 1

9874 2.3c1.1 5.7 1.5 9-5-10 2/1 0

9875 2.3c1.1 5.7 1.5 9-5-10 2/1 0

9876 2.3c1.1 5.7 1.5 9-5-10 2/1 0

9877 2.3c1.1 5.7 1.5 nc 2/1 1

9878 2.3c1.1 5.7 1.5 nc 2/1 1

9879 2.3c1.1 5.7 1.5 9-5-10 2/1 1

9880 2.3c1.1 5.7 1.5 nc 2/1 1

9881 2.3c1.1 5.7 1.5 nc 2/1 1

9882 2.3c1.1 5.7 1.5 9-5-10 1 1

9883 2.3c1.1 5.7 1.5 nc 1 1

9884 2.3c1.1 5.7 1.5 nc 2/1 1



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

9885 2.3c1.1 5.7 1.5 9-5-10 1 1

9886 2.2 3.4 2.3 nc 2 0

9887 1.2 3.6 2.1 nc 2 0

9888 1.2 3.6 2.1 nc 2 0

9889 1.2 nc 2.1 nc 2 0

9890 1.2 3.6 2.1 nc 2 0

9891 1.2 3.6 2.1 nc 2 0

9892 1.2 3.6 2.1 nc 2 0

9893 1.2 3.6 2.1 nc 2 0

9894 1.2 nc 2.1 nc 2 0

9895 1.2 3.6 2.1 nc 2 0

9896 1.2 3.6 2.1 nc 2 0

9897 1.2 3.6 1.1 nc 2 0

9898 1.3c1.1 5.5 1.1 nc nc nc

9899 1.3c1.1 5.5 1.1 nc 1/2 0

9900 1.3c1.1 5.5 nc nc 1/2 0

9901 1.3c1.1 5.5 nc nc 1/2 0

9902 1.2 3.6 2.1 nc 1 0

9903 2.4 3.6 nc nc 2 0

9904 nc nc 2.1 nc 2 0

9905 2.4 3.6 nc nc 2 0

9906 2.1 5.7 1.1 nc 2 0

9907 2.1 5.7 1.1 nc 1/3 0

9908 2.1 3.6 1.1 nc 2/3 0

9909 2.1 5.7 1.1 nc 3 1

9910 2.1 5.8 1.1 nc 1/3 0

9911 2.1 5.8 nc nc 1/3 0

9912 2.1 5.8 1.1 nc 3 1

9913 2.1 5.8 1.1 nc 3 0

9914 1.1 5.5 1.1 nc 1/3 0

9915 1.1 5.5 nc nc 1/3 0

9916 nc nc 1.1 nc 2 0

9917 1.1 5.5 1.1 nc 1/3 0

9918 1.1 5.5 nc nc 1/2 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

9919 1.1 5.8 1.1 nc 1/3 1

9920 1.1 5.8 1.1 nc 1/3 0

9921 1.1 5.8 1.1 nc 1/3 0

9922 1.1 5.8 1.1 nc 1/3 0

9923 1.1 5.8 1.1 nc 1/3 0

9924 1.1 5.8 1.1 nc 1/3 0

9925 1.1 5.8 1.1 nc 1/3 0

9926 1.1 5.8 1.1 nc 3 1

9927 1.1 5.8 1.1 nc 3 1

9928 1.1 5.8 1.1 nc 3 1

9929 1.1 5.8 1.1 nc 1/3 0

9930 1.1 5.8 1.1 nc 1/3 0

9931 1.1 5.8 1.1 nc 1/3 0

9932 2.3 5.8 2.1 nc 1/2 0

9933 2.3 5.8 2.1 nc 1/2 0

9934 2.3 5.8 2.1 nc 1 1

9935 2.3 5.5 1.5 nc 2/1 0

9936 1.1 5.8 z nc 1/3 0

9937 1.1 5.8 z nc 1/2 0

9938 1.1 5.8 z nc 1/3 0

9939 1.1 5.8 z nc 3 1

9940 1.1 5.8 z nc 1/3 0

9941 1.1 5.8 z nc 1/3 0

9942 1.1 5.8 z nc 1/3 0

9943 1.1 5.8 z nc 1/3 0

9944 1.1 5.8 z nc 1/3 0

9945 1.1 5.8 z nc 1/3 1

9946 1.1 nc y nc 1/2 0

9947 1.1 5.8 y nc 1 0

9948 1.1 nc y nc 1 0

9949 1.1 nc y nc 1 0

9950 1.1 2.2 y nc 1 0

9951 1.1 2.5c2.1 y nc 1/2 0

9952 1.1 2.5c2.1 y nc 1 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

9953 1.1 2.5c2.1 y nc 1/2 0

9954 1.1 2.5c2.1 y nc 1/2 0

9955 1.1 2.5c2.1 y nc 1/2 0

9956 nc nc nc nc nc nc

9957 nc nc nc nc nc nc

9958 nc nc nc nc nc nc

9959 nc nc nc nc nc nc

9960 nc nc nc nc nc nc

9961 nc nc nc nc nc nc

9962 nc nc nc nc nc nc

9963 1.3 5.7 1.5 nc 1/2 0

9964 1.3 5.7 1.5 5.6 de VB 1/2 0

9965 1.3 5.7 1.5 5.6 de VB 1/2 0

9966 1.3 5.7 1.5 5.6 de VB 1/2 0

9967 1.3 6.7 1.5 nc 1/2 0

9968 1.3 6.7 1.5 nc 1/2 0

9969 1.3 6.7 1.5 nc 1/2 0

9970 1.3 6.7 1.5 nc 1/2 0

9971 1.3 6.7 1.5 nc 1 0

9972 1.3 6.7 1.5 nc 1 0

9973 1.3 6.7 1.5 nc 1/2 0

9974 1.3 6.7 1.5 nc 1 0

9975 1.3 6.7 1.5 nc 1 0

9976 1.1 6.7 1.1 nc 1 0

9977 1.1 6.7 1.1 nc 1/2 0

9978 1.1 6.7 1.1 nc 1/2 0

9979 2.4 1.3 1.5 nc 2 0

9980 2.4 1.3 1.5 nc 2 0

9981 2.4 1.3 1.5 nc 2 0

9982 2.4 1.3 1.5 nc 2 0

9983 2.1 1.6 1.5 nc 2 0

9984 2.1 1.6 nc nc 2 0

9985 2.1 1.6 1.5 nc 2 0

9986 2.1 1.6 1.5 nc 2 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

9987 2.1 1.6 1.5 nc 2 0

9988 2.1 3.6 nc nc 2 0

9989 2.1 3.6 1.5 nc 2 0

9990 2.1 3.6 nc nc 2 0

9991 2.1 3.6 nc nc 2 0

9992 2.1 3.6 1.5 nc 2 0

9993 2.1 3.6 nc nc 2 0

9994 2.1 3.6 nc nc 2 0

9995 2.1 3.6 nc nc 2 0

9996 2.1 3.6 nc nc 2 0

9997 2.1 3.6 nc nc 2 0

9998 2.1 1.3 1.5 nc 2 0

9999 1.4c1.3 1.3 3.5 nc 2 0

10000 nc 1.3 3.5 nc 2 0

10001 1.4c1.3 1.3 3.5 nc 2 0

10002 1.4c1.3 1.3 3.5 nc 2 0

10003 1.4c1.3 1.3 3.5 nc 2 0

10004 1.4c1.3 1.3 3.5 nc 2 0

10005 1.4c1.3 1.3 3.5 nc 2 0

10006 1.4c1.3 1.3 1.5 nc 2 0

10007 2.3 6.7 1.5 nc 1 0

10008 1.3 6.7 3.5 nc 1 0

10009 2.3 6.7 1.5 nc 1 0

10010 2.3 6.7 1.5 nc 1 0

10011 2.3 6.7 1.5 nc 1 0

10012 2.3 6.7 1.5 nc 1 0

10013 2.3 6.7 1.5 nc 1 0

10014 2.3 6.7 1.5 nc 1 0

10015 2.3 5.7 1.5 nc 1 0

10016 2.3 5.7 1.5 nc 1 0

10017 2.1 5.7 1.5 nc 1 0

10018 2.3 5.7 1.5 nc 1 0

10019 2.3 5.7 1.5 nc 2/1 0

10020 nc nc nc nc nc nc



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

10021 nc nc nc nc nc nc

10022 nc nc nc nc nc nc

10023 4.3c1.3 5.7 nc nc 1 0

10024 xc2.3 1.3 nc nc 2 0

10025 xc2.3 1.3 4.3 nc 2 0

10026 xc2.3 1.3 4.3 nc 2 0

10027 nc nc nc nc nc nc

10028 4.3c1.3 5.8 2.1 nc 2/1 0

10029 2.1 5.6 4.3 nc 2 0

10030 5.2 5.6 4.3 nc 2 0

10031 5.2 5.6 4.3 nc 2 0

10032 5.2 5.6 4.3 nc 2 0

10033 5.2 5.6 nc nc 2 0

10034 nc 4.2 nc nc 2 0

10035 5.2 4.2 4.3 nc 2 0

10036 2.3 5.8 2.1 nc 2 0

10037 2.3 5.8 2.1 nc 2 0

10038 2.3 5.8 2.1 nc 2 0

10039 2.3 5.8 2.1 nc 2 0

10040 2.3 5.8 2.1 nc 2 0

10041 2.3 5.8 2.1 nc 2 0

10042 1.4c1.3 5.8 2.1 nc 2 0

10043 2.3 5.8 2.1 nc 2 0

10044 2.3 5.8 2.1 nc 2 0

10045 2.3 5.8 2.1 nc 2 0

10046 2.3 5.8 2.1 nc 2 0

10047 2.3 5.8 2.1 nc 2 0

10048 2.3 5.8 2.1 nc 2 0

10049 2.3 5.8 2.1 nc 2 0

10050 2.4 5.8 2.1 nc 2 0

10051 2.4 5.8 2.1 nc 2 0

10052 2.4 nc 2.1 nc 2 0

10053 2.4 5.8 2.1 nc 2 0

10054 2.4 nc 2.1 nc 2 0
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Color Color Color Color Color Gas

10055 2.4 5.8 2.1 nc 2 0

10056 2.4 5.8 2.1 nc 2 0

10057 2.4 5.8 2.1 nc 2 0

10058 2.4 5.8 2.1 nc 2 0

10059 2.4 5.8 3.1 nc 2 0

10060 2.4 5.8 3.1 nc 2 0

10061 2.4 5.8 3.1 nc 2 0

10062 2.4 5.8 3.1 nc 2 0

10063 2.4 5.8 3.1 nc 2 0

10064 2.4 5.8 nc nc 2 0

10065 x nc nc nc 2 0

10066 1.3 2.2 nc nc 2 0

10067 2.3 2.2 2.1 nc 2 0

10068 2.3 2.2 2.1 nc 2 0

10069 2.3 2.2 2.1 nc 2 0

10070 2.3 6.7 2.5 nc 2/1 0

10071 2.3 6.7 2.5 nc 2/1 0

10072 2.3 6.7 2.5 nc 2/1 0

10073 1.2 2.3 2.5 nc 1 0

10074 1.2 2.3 2.1 nc 1 0

10075 2.2 2.3 2.1 nc 1 0

10076 1.4 1.3 3.5 nc 1 0

10077 1.4c2.3 1.3 3.5 nc 1 0

10078 1.4 5.7 3.5 nc 2/1 0

10079 1.4 1.3 3.5 nc 2 0

10080 1.4 1.3 3.5 nc 2 0

10081 1.4 1.3 3.5 nc 2 0

10082 1.4 1.3 3.5 nc 2 0

10083 1.4 1.3 3.5 nc 2 0

10084 1.4 1.3 3.5 nc 2 0

10085 1.4 1.3 3.5 nc 2 0

10086 1.4 1.3 3.5 nc 2 0

10087 1.4 1.3 3.5 nc 2 0

10088 1.4 1.3 3.5 nc 2 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

10089 1.4 1.3 3.5 nc 2 0

10090 1.4 1.3 3.5 nc 2 0

10091 1.4 1.3 3.5 nc 2 0

10092 2.4 5.8 2.3 nc 2 0

10093 2.4 5.8 2.3 nc 2 0

10094 2.4 5.8 2.3 nc 2 0

10095 2.4 5.8 2.3 nc 2 0

10096 2.4 5.8 2.3 nc 2 0

10097 2.4 5.8 2.3 nc 2 0

10098 1.3 3.6 2.3 nc 2 0

10099 1.3 3.6 2.3 nc 2 0

10100 1.3 3.6 2.3 nc 2 0

10101 2.3 3.6 1.3 nc 2 0

10102 2.3 5.7 1.3 nc 1 0

10103 2.3 5.7 1.3 5.6deVB 2/1 0

10104 1.1 5.7 1.3 nc 1 0

10105 2.3 3.6 2.5 nc 2 0

10106 2.3 3.6 2.5 nc 2 0

10107 2.3 3.6 2.5 nc 2 0

10108 1.2 nc nc nc 2 0

10109 1.2 nc nc nc 2 0

10110 nc nc nc nc 2 0

10111 1.2 nc 2.5 nc 2 0

10112 1.2 nc 2.5 nc 2 0

10113 nc nc nc nc 2 0

10114 1.2 nc 1.5 nc 2/1 0

10115 1.1 6.7 1.3 nc 2/1 0

10116 1.1 6.7 1.3 nc 2/1 0

10117 1.2 5.8 1.3 nc 2 0

10118 1.2 5.8 1.3 nc 2 0

10119 1.1 6.7 1.1 nc 3 0

10120 nc 5.7 1.2 5.6deVB 2/1 0

10121 nc 5.8 nc xdeEMB 2 0

10122 nc 5.8 nc nc 2 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

10123 nc 5.8 nc nc 2 0

10124 nc nc nc nc 2 0

10125 nc 5.8 nc nc 2/1 0

10126 nc 5.8 nc nc 1 0

10127 nc 5.8 nc nc 2/1 0

10128 nc 5.8 nc nc 1 0

10129 1.3 5.8 3.1 nc 1 0

10130 nc nc nc nc 2 0

10131 nc nc nc nc 2 0

10132 nc nc nc nc 2 0

10133 nc nc nc nc 2 0

10134 5.8 nc nc nc 2 0

10135 nc nc nc nc 2 0

10136 nc nc nc nc 2 0

10137 nc nc nc nc 2 0

10138 nc 5.7 nc 5.6deVB 2 0

10139 nc 5.7 nc 5.6deVB 2/1 0

10140 nc nc 2.1 5.6deVB 2 0

10141 nc 5.7 2.1 nc 2 0

10142 1.1 5.7 2.1 5.6deVB 2 0

10143 1.1 2.6 3.2 5.6deVB 2 0

10144 1.1 2.6 3.2 nc 2 0

10145 1.1 2.6 3.2 nc 2 0

10146 2.4 2.5 1.5 nc 2 0

10147 nc

10148 2.4 2.5 1.5 nc 2 0

10149 nc

10150 nc

10151 2.3 nc nc nc 2 0

10152 nc nc 1.5 nc 2 0

10153 nc

10154 1.1 nc 2.3 nc 2 0

10155 2.5 nc 1.5 nc 2/1 0

10156 2.5 nc 1.5 nc 1 0



Strain EMB VB MCK TCBS  TSI

Color Color Color Color Color Gas

10157 2.3 nc 1.5 nc 2/1 0

10158 2.3 nc 1.5 nc 1/2 0

10159 2.3 nc 1.5 nc 1 0

10160 2.3 nc 1.5 nc 2/1 0

10161 2.2 6.7 1.5 nc 1 0

10162 2.3 nc 1.5 nc 1/2 0

10163 2.2 6.7 1.5 nc 1 0

10164 2.2 6.7 nc nc 1/2 0

10165 2.3 nc nc nc 2/1 0

10166 2.3 nc 1.5 nc 1/2 0

10167 2.3 nc 1.5 nc 1/2 0

10168 2.3 nc 1.5 nc 2/1 0

10169 2.3c1.1 nc 1.5 nc 1 0

10170 2.3c1.1 nc nc nc 1 0

10171 2.3c1.1 nc 1.3 5.6deVB 2 0

10172 nc

10173 nc nc nc nc 2 0

10179 2.5 2.6 1.5 nc 2 0

10180 x 2.6 1.5 nc 2 0

10194 nc nc 1.5 nc 2 0

10195 2.5

EMB: bacto EMB agar is recommended for gram negative bacteria and present eosin and methylene blue,

making it a non selective but differential medium were the different colors allow genera identification.

VB Brilliant green is a selective medium for Salmonella, Staphylococcus and Escherichia coli.

MCK is a selective media for enterics and Staphylococcus, it differentiate lactose fermenting bacteria from

non lactose.

TCBS is a selective medium for Vibrio and its relatives.

Color: Due to the high variability in the color shade in the mediums EMB, VB and MCK the numbers in

the table are from the color code from normacolor spacial system (1990) by Mecanorma, France.

nc: no grow in that media, in such case non selective general medium as LB and Marine

poco: little

Agar were used to obtain the general strains. In those medium a great diversity of Pseudomona spp,

Actinobacteria  and Bacillus were obtained.



TSI is a tripe sugar iron agar is recommended for gram negative bacteria based on the fermentation of

dextrose, lactose and sucrose as well as for hydrogen sulfide production. In this medium there are 2 factors

that are taken into account: color and gas production (anaerobes do not produce gas, while aerobes do) the

colors are 1: yellow when fermentation has taken place, the medium is acid, 2 pink when the lack

fermentation turns the medium alkaline, phenol red is the indicator. When hydrogen sulfide is produced a

black band appear (3) along with the yellow or pink.




