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A	
  new	
  technology	
  is	
  revolu2onizing	
  the	
  Life	
  Sciences	
  –	
  	
  
NEXT	
  GENERATION	
  SEQUENCING	
  !!!!	
  
	
  
There	
  are	
  enormous	
  poten2al	
  applica2ons	
  in	
  diverse	
  fields	
  and	
  the	
  pace	
  
of	
  technical	
  innova2on	
  is	
  breathtaking	
  
	
  
As	
  a	
  taster	
  of	
  the	
  diverse	
  applica2ons	
  of	
  this	
  technology	
  today’s	
  
presenta2on	
  will	
  explore	
  its	
  impact	
  on	
  archaeology,	
  health	
  and	
  
agriculture	
  	
  (agrogenomics)	
  
	
  





To:	
  MrDNA	
  



In	
  order	
  to	
  assemble,	
  annotate	
  and	
  analyze	
  these	
  sequences	
  we	
  use	
  
bioinforma2cs	
  
	
  
Bioinforma2cs	
  refers	
  to	
  the	
  computa2onal	
  analysis	
  of	
  biomolecular	
  
data,	
  oVen	
  very	
  large	
  datasets	
  ie	
  ‘Big	
  Data’	
  



Ancient	
  DNA	
  in	
  the	
  Caribbean	
  
The	
  Caribbean	
  amerindian	
  peoples	
  were	
  the	
  first	
  to	
  be	
  contacted	
  by	
  Columbus	
  
	
  
There	
  are	
  no	
  surviving	
  popula2ons,	
  although	
  their	
  gene2c	
  component	
  lives	
  on	
  in	
  
present	
  day	
  Caribbeans	
  and	
  there	
  are	
  some	
  cultural	
  remnants	
  
	
  
This	
  means	
  that	
  archaeology	
  is	
  key	
  to	
  understanding	
  the	
  cultures	
  of	
  the	
  original	
  
Caribbean	
  peoples	
  	
  
	
  
Due	
  to	
  the	
  Spanish	
  ‘cronistas’	
  we	
  have	
  a	
  picture	
  of	
  the	
  Tainos	
  and	
  Caribs	
  at	
  the	
  point	
  	
  
of	
  contact,	
  however	
  their	
  origins	
  are	
  clouded	
  in	
  mystery	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
The	
  biggest	
  puzzle	
  in	
  Caribbean	
  archaeology	
  is	
  the	
  ‘Huecoid	
  problem’,	
  which	
  refers	
  
to	
  a	
  mysterious	
  group	
  of	
  peoples	
  called	
  the	
  Huecoids	
  



The	
  ques2on	
  is:	
  were	
  they	
  ethnically	
  dis2nct	
  from	
  the	
  majority	
  Saladoid	
  
people	
  (who	
  gave	
  rise	
  to	
  the	
  Tainos),	
  or	
  were	
  they	
  a	
  Saladoid	
  caste	
  of	
  
priests	
  or	
  artesans	
  
	
  
There	
  are	
  many	
  differences	
  between	
  the	
  two	
  groups	
  
	
  
They	
  can	
  be	
  dis2nguished	
  by	
  their	
  po[ery	
  :	
  



They	
  lived	
  in	
  close	
  conjunc2on	
  with	
  each	
  other,	
  but	
  physically	
  separated	
  



Most	
  striking	
  were	
  the	
  differences	
  in	
  ornamenta2on	
  

The	
  Huecoids	
  acted	
  as	
  craVspeople,	
  manufacturing	
  jewellery	
  for	
  the	
  
Saladoids	
  



King	
  vulture	
  

Condor	
  



	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
The	
  ques2on	
  was,	
  can	
  we	
  use	
  metagenomics	
  techniques	
  to	
  examine	
  
the	
  Huecoid	
  problem	
  ?	
  
	
  
	
  

Some	
  evidence	
  of	
  dietary	
  differences	
  :	
  turtles	
  were	
  taboo	
  for	
  the	
  
Huecoids	
  
	
  
Lastly,	
  there	
  were	
  differences	
  in	
  burial	
  prac2ces.	
  No	
  Huecoid	
  burial	
  has	
  
been	
  encountered.	
  This	
  means	
  that	
  no	
  human	
  remains	
  are	
  available	
  to	
  
determine	
  if	
  they	
  were	
  gene2cally	
  (and	
  ethnically)	
  dis2nct	
  
	
  
Apart	
  from	
  :	
  

!	
  



Ancient	
  DNA	
  is	
  DNA	
  extracted	
  from	
  ancient	
  specimens	
  ie.	
  specimens	
  
that	
  have	
  not	
  been	
  well	
  preserved	
  
	
  

DNA	
  was	
  extracted	
  from	
  	
  
ancient	
  coprolites	
  recovered	
  from	
  
	
  La	
  Hueca,	
  Vieques,	
  from	
  two	
  	
  
adjacent	
  se[lements,	
  Saladoid	
  
	
  and	
  Huecoid	
  

Extrac2on	
  of	
  ancient	
  DNA	
  is	
  technically	
  challenging	
  due	
  to	
  degrada2on,	
  
fragmenta2on,	
  chemical	
  modifica2on	
  and	
  contamina2on	
  
	
  
Once	
  it	
  has	
  been	
  extracted	
  with	
  minimal	
  contamina2on	
  –	
  what	
  next	
  ?	
  



Do	
  community	
  profile	
  metagenomics	
  !	
  

1)  Extract	
  environmental	
  DNA	
  
	
  
	
  
	
  
2)	
  Amplify	
  target	
  gene	
  (usually	
  16S	
  rRNA)	
  using	
  PCR	
  
	
  

	
  
3)	
  Sequence	
  using	
  NGS.	
  Typically	
  generate	
  about	
  
10000	
  reads	
  per	
  sample.	
  Cost	
  ~	
  $80	
  

	
  
4)	
  Analyze	
  the	
  sequence	
  data.	
  Series	
  of	
  steps	
  that	
  
involve	
  quality	
  filtra2on,	
  phylogene2c	
  assignment	
  of	
  
reads,	
  and	
  downstream	
  analysis	
  such	
  as	
  calcula2on	
  
of	
  diversity	
  metrics.	
  Analysis	
  costs	
  typically	
  match	
  
those	
  of	
  sequencing.	
  

Using	
  NGS	
  this	
  will	
  give	
  us	
  a	
  precise	
  snapshot	
  of	
  the	
  microbes	
  present	
  in	
  
ancient	
  DNA	
  



Coprolites	
  from	
  the	
  two	
  popula2ons	
  were	
  differen2ated	
  by	
  their	
  gut	
  
microbiomes	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Analysis of Huecoid and Saladoid coprolites
Both the Adonis and Permanova assays showed significant

differences in the microbiome composition of coprolites from
Huecoid and Saladoid sites. These analyses were performed only
on samples obtained from the cores of the coprolites, thus
eliminating possible differences due to environmental contamina-
tion of cortical material. These results support the hypothesis that
Huecoid and Saladoid cultures, even though coexisted in the
Island of Vieques, they had different cultural characteristics, most
likely as a result of dietary practices.

Key observed differences in each culture’s core
microbiomes: Inferences on diet
Variations observed in common gut-associated bacteria, such as

Proteobacteria and Enterobacteriaceae, which were more abun-
dant in Saladoid and Huecoid samples, respectively, suggest
variations in diet or host genetics. Variations in the abundance of
intestinal Proteobacteria have been associated to differences in
host diet previously [20]. Differences in Bacteroides abundances
were also evident between both cultures, and have been associated
to a high protein diet [21]. According to the large quantities of fish
bones, bivalve and crab shells found in these archaeological
deposits, both cultures seemed to ingest a great amount of seafood.
However, although fish bones are associated with both cultures
[22], we detected freshwater fish-associated amoebic parasites
(Goussia spp.) exclusively in Saladoid coprolites, suggesting that
this particular culture may have consumed raw fish regularly. In
addition, previous studies detected Vibrio sp. and Debaryomyces
spp in Saladoid coprolites, further supporting this hypothesis [7].
The presence of Paragonimus westermani in a Huecoid coprolite
implies the consumption of fresh water invertebrates, or some type
of aquatic plants, the secondary hosts for this species. It is known

that humans become infected by the consumption of raw food
contaminated with these parasites. However, it is important to
point out that this parasite is commonly confused morphologically
with Diphyllobothrium latum, a fish-infecting parasite [23].
Interestingly, Zea mays (maize) was detected in coprolites from
Huecoid origins, consistent with archaeological work showing its
presence at the La Hueca site [24] and confirming its early
presence in the Caribbean. Our results suggest that this culture
may have helped introduce some of these maize strains to the
Antilles during their migrations. Since they were detected in large
proportions, Ascomycetes and Basidiomycetes also appear to have
been important dietary elements of these cultures. However, it
seems that the Huecoids had a preference for Basidiomycota fungi.
Although these conclusions are highly hypothetical and perhaps
speculative, we believe this is a good starting point if we are to
compare future studies such as the one carried out here.

Enteric Parasite infections
The greater parasite load observed in Saladoid coprolites

suggests a difference in living arrangements, whereby the
population was more likely to be exposed to fecal material and
thus parasite transmission. Parasite analyses were done micro-
scopically in a separate laboratory, however the results also show
major differences between the taxonomic compositions present in
both cultures. A wider variety of parasitic species was detected in
the Saladoids, which could also be associated to the way this
culture handled their food (as previously mentioned). It is also
known that both cultures had dogs as pets, particularly the
Saladoids. We detected the canine parasite Dipylidium caninum in
Saladoid samples, also suggesting pet ownership and perhaps very
close contact. However, little if anything is known about the
interactions of the Huecoids with dogs. Dogs have a tendency to
eat human feces, and this may be one manner in which the
parasites are passed from person to person, with the dogs being the

Figure 5. Principal Coordinate Analysis (PCoA) of the Bacterial
Communities present in Huecoid and Saladoid Coprolites.
Unweighted UniFrac and weighted UniFrac principal coordinates were
generated and plotted using QIIME 1.8. Samples with the prefix S are
from Saladoid coprolite cores and those with the prefix H were from
Huecoid coprolite cores.
doi:10.1371/journal.pone.0106833.g005

Figure 6. Principal Coordinate Analysis (PCoA) of the Fungal
Communities present in Huecoid and Saladoid Coprolites.
Unweighted UniFrac and weighted UniFrac principal coordinates were
generated and plotted using QIIME 1.8. Samples with the prefix S are
from Saladoid coprolite cores and those with the prefix H were from
Huecoid coprolite cores.
doi:10.1371/journal.pone.0106833.g006
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Analysis of Huecoid and Saladoid coprolites
Both the Adonis and Permanova assays showed significant

differences in the microbiome composition of coprolites from
Huecoid and Saladoid sites. These analyses were performed only
on samples obtained from the cores of the coprolites, thus
eliminating possible differences due to environmental contamina-
tion of cortical material. These results support the hypothesis that
Huecoid and Saladoid cultures, even though coexisted in the
Island of Vieques, they had different cultural characteristics, most
likely as a result of dietary practices.

Key observed differences in each culture’s core
microbiomes: Inferences on diet
Variations observed in common gut-associated bacteria, such as

Proteobacteria and Enterobacteriaceae, which were more abun-
dant in Saladoid and Huecoid samples, respectively, suggest
variations in diet or host genetics. Variations in the abundance of
intestinal Proteobacteria have been associated to differences in
host diet previously [20]. Differences in Bacteroides abundances
were also evident between both cultures, and have been associated
to a high protein diet [21]. According to the large quantities of fish
bones, bivalve and crab shells found in these archaeological
deposits, both cultures seemed to ingest a great amount of seafood.
However, although fish bones are associated with both cultures
[22], we detected freshwater fish-associated amoebic parasites
(Goussia spp.) exclusively in Saladoid coprolites, suggesting that
this particular culture may have consumed raw fish regularly. In
addition, previous studies detected Vibrio sp. and Debaryomyces
spp in Saladoid coprolites, further supporting this hypothesis [7].
The presence of Paragonimus westermani in a Huecoid coprolite
implies the consumption of fresh water invertebrates, or some type
of aquatic plants, the secondary hosts for this species. It is known

that humans become infected by the consumption of raw food
contaminated with these parasites. However, it is important to
point out that this parasite is commonly confused morphologically
with Diphyllobothrium latum, a fish-infecting parasite [23].
Interestingly, Zea mays (maize) was detected in coprolites from
Huecoid origins, consistent with archaeological work showing its
presence at the La Hueca site [24] and confirming its early
presence in the Caribbean. Our results suggest that this culture
may have helped introduce some of these maize strains to the
Antilles during their migrations. Since they were detected in large
proportions, Ascomycetes and Basidiomycetes also appear to have
been important dietary elements of these cultures. However, it
seems that the Huecoids had a preference for Basidiomycota fungi.
Although these conclusions are highly hypothetical and perhaps
speculative, we believe this is a good starting point if we are to
compare future studies such as the one carried out here.

Enteric Parasite infections
The greater parasite load observed in Saladoid coprolites

suggests a difference in living arrangements, whereby the
population was more likely to be exposed to fecal material and
thus parasite transmission. Parasite analyses were done micro-
scopically in a separate laboratory, however the results also show
major differences between the taxonomic compositions present in
both cultures. A wider variety of parasitic species was detected in
the Saladoids, which could also be associated to the way this
culture handled their food (as previously mentioned). It is also
known that both cultures had dogs as pets, particularly the
Saladoids. We detected the canine parasite Dipylidium caninum in
Saladoid samples, also suggesting pet ownership and perhaps very
close contact. However, little if anything is known about the
interactions of the Huecoids with dogs. Dogs have a tendency to
eat human feces, and this may be one manner in which the
parasites are passed from person to person, with the dogs being the

Figure 5. Principal Coordinate Analysis (PCoA) of the Bacterial
Communities present in Huecoid and Saladoid Coprolites.
Unweighted UniFrac and weighted UniFrac principal coordinates were
generated and plotted using QIIME 1.8. Samples with the prefix S are
from Saladoid coprolite cores and those with the prefix H were from
Huecoid coprolite cores.
doi:10.1371/journal.pone.0106833.g005

Figure 6. Principal Coordinate Analysis (PCoA) of the Fungal
Communities present in Huecoid and Saladoid Coprolites.
Unweighted UniFrac and weighted UniFrac principal coordinates were
generated and plotted using QIIME 1.8. Samples with the prefix S are
from Saladoid coprolite cores and those with the prefix H were from
Huecoid coprolite cores.
doi:10.1371/journal.pone.0106833.g006
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Principal	
  component	
  analysis	
  of	
  18S	
  rRNA	
  (fungal)	
  PCR	
  products	
  

Large	
  propor2on	
  of	
  basidiomycete	
  sequences	
  
	
  
Conclusion:	
  The	
  archaeological	
  and	
  NGS	
  data	
  suggests	
  that	
  Saladoids	
  and	
  
Huecoids	
  are	
  dis2nct	
  peoples	
  	
  
	
  



Interes2ngly,	
  maize	
  was	
  amplified	
  as	
  well,	
  which	
  provides	
  addi2onal	
  
support	
  for	
  the	
  early	
  arrival	
  of	
  maize	
  cul2va2on	
  in	
  the	
  Caribbean	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

 
 

Pagán Jiménez, De antiguos pueblos y culturas botánicas en el Puerto Rico indígena 
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Familia: Poaceae 
Género- Especie: Zea mays  L. 
Nombre común: raza Caribe temprano (Early Caribbean) 
Órgano de la planta: semillas 
Origen: ¿Antillas? 
Análisis con microscopio Iroscope PT-3LIT, luz blanca y objetivo de 40X 
 
 

 
 
 
 
 
 
 
 
 
 
 
                          b) 
 
 
 
 
 
 
 
 
 
 
 
 
       a) 
                    
        
       c) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
d)       e) 
 
Figura 30  a) planta de maíz Caribe temprano (adaptado de Brown 1955), b) mazorcas, c) granos de maíz, d) y e) gránulos de 
almidón (fotomicrografías d y e con microscopio Iroscope PT-3LIT, aumento de 400, luz blanca y campo oscuro con polarizador 
respectivamente, 10 unidades=25 m). 

 

Caribe	
  temprano	
  

Negrito	
  

 
 

Pagán Jiménez, De antiguos pueblos y culturas botánicas en el Puerto Rico indígena 
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Familia: Poaceae 
Género- Especie: Zea mays  L. 
Nombre común: raza Pollo 
Órgano de la planta: semillas 
Origen: Colombia (¿región andina?) 
Análisis con microscopio Iroscope PT-3LIT, luz blanca y objetivo de 40X 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
            a)                b)       c)    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    d)                  e) 
 
Figura 33  a) planta de maíz Pollo (tomado de Roberts et al.1957), b) mazorcas, c) granos, d) y e) gránulos de almidón: nótense las 
formas, ubicaciones de hilum y fisuras peculiares de estos gránulos, entre los que se ha podido documentar la presencia de varias 
estructuras compuestas por más de un gránulo (e.g., estructura alargada [oblanceolado doble] en la imagen “e”). Fotomicrografías 
con microscopio Iroscope PT-3LIT, aumento de 400, luz blanca, 10 unidades=25 m. 

 
Forma: Fueron documentadas 30 formas diferentes en los 63 gránulos analizados de esta raza de maíz. Entre 
ellas, la de mayor frecuencia es la forma esférica (forma núm. 1.1), aunque documentada en sólo 10 (15.9%) 
casos, situación contrastante con las razas Chandelle y Caribe temprano (58.7% y 39.7% respectivamente). En 
segundo lugar documentamos las formas truncado (forma núm. 1.4) y ovalado (forma núm. 1.5) en 5 (7.9%) casos 
cada una. En tercer lugar documentamos otras 2 formas en 4 (6.3%) casos, documentadas también en la raza 
Negrito de Colombia: ovalado irregular “cemí” expandido (forma núm. 1.5.8) y truncado alargado (forma núm. 
1.4.2). En cuarto lugar registramos la forma oblanceolado expandido (forma núm. 1.7.1) en 3 (4.8%) casos, forma 
que cuenta con dimensiones y otras características documentadas por nosotros únicamente en esta raza, en la del 
maíz arqueológico de Chile anteriormente expuesto y en la Caribe temprano (en este último, desafortunadamente, 
fuera de la muestra analizada; véase también esta forma en la raza Cuzco [Pearsall et al. 2004, Fig.5e]). Cabe 

Pollo	
  

Source:	
  Pagan	
  Jimenez	
  2007	
  Paris	
  Monographs	
  in	
  
American	
  Archaeology	
  18	
  	
  	
  

Gut	
  parasites	
  were	
  iden2fied	
  microscopically,	
  but	
  iden2fica2on	
  can	
  be	
  
ambiguous.	
  High	
  parasi2c	
  load	
  in	
  these	
  popula2ons	
  
	
  
Ques2on	
  –	
  how	
  healthy	
  REALLY	
  was	
  the	
  PALEO	
  diet	
  ?	
  



Shotgun	
  metagenomics	
  can	
  be	
  used	
  to	
  assess	
  the	
  ‘health’	
  of	
  the	
  gut	
  
microbiota,	
  their	
  metabolic	
  interac2ons	
  with	
  the	
  host	
  and	
  with	
  each	
  other	
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  –	
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  universal	
  human	
  meta-­‐metabolomic	
  network	
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Fruchterman-­‐Reingold	
  
representa2on	
  



What	
  is	
  the	
  true	
  paleo	
  gut	
  microbiome	
  ?	
  
Non-­‐westernized	
  popula2ons	
  typically	
  have	
  diverse	
  gut	
  microbiomes	
  

Yanomami	
  (hunter	
  gatherers) 	
   	
   	
  	
  	
  	
  	
  Asaro	
  (agriculturists) 	
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Abundance Profiles
Ordination analyses revealed distinct clustering of PNG and US
fecal communities but no segregation of Asaro and Sausi com-
munities (Figure 2E). In order to determine the bacterial groups
that segregated PNG and US gut bacterial communities, micro-
biomes were compared at different taxonomic scales. No differ-
ences were detected at the phylum level (Table S2); however,
substantial differences were detected at lower taxonomic levels
(Figure 3A; Tables S2 and S3). Altogether, 25 families, 45 genera,
and 230 OTUs differed in abundance between the PNG and US
cohorts (Figure 3A; Tables S2 and S3). In contrast, we did not
detect any taxa with differential abundances between Asaro
and Sausi samples.

Within the Bacteroidetes phylum, Prevotella abundance was
significantly higher in PNG, whereas the proportions of Alistipes,
Bacteroides, Parabacteroides, Odoribacter, and Barnesiella
were all significantly higher in the US (Figure 3A). In the Actino-
bacteria phylum, there was a significantly lower abundance of
the genus Bifidobacterium in PNG individuals. The proportions
of Coriobacteriaceae were similar between PNG and US partic-
ipants, but several genera within this family showed distinct
abundance profiles; significantly higher abundance of Slackia
and Propionibacterium were determined in Papua New Guin-
eans, whereas Eggerthella and Gordonibacter were higher in
the US cohort. Within the Firmicutes, a significantly higher abun-
dance of Streptococcus was detected in PNG samples, which
constituted 21% ± 11% of the total sequences per participant
(Figure 3A; Table S2). Moreover, a substantial phylogenetic di-
versity (68 OTUs) was observed within this genus in Papua
New Guineans, but not US subjects (Figure S2). Other differ-
ences in the makeup of the Firmicutes were significantly higher
proportions of Staphylococcus, Eubacterium, Erysipelotricha-
ceae Incertae sedis, Clostridium senso stricto, Sarcina, Entero-
coccus, and Lactobacillus and significantly lower abundance
of Faecalibacterium; Blautia; Clostridium XIVb, XIVa, and IV;
Ruminococcus; Lachnospiraceae Incertae sedis; Gemella; Turi-
cibacter; and Phascolarctobacterium in PNG. Regarding the

Proteobacteria, PNG individuals had significantly higher abun-
dance of the family Enterobacteriaceae and Helicobacteriaceae
and the genera Helicobacter and Pseudomonas, whereas the
family Comamonadaceae and the genera Bilophila, Aquabacte-
rium, and Acidovorax were significantly enriched in US
volunteers.

The Most-Abundant Phylotypes Were Shared by PNG
and US Individuals
Previous analyses of the fecal microbiota of US and European in-
dividuals have revealed 50–80 core bacterial species that are
shared by >50% of subjects (Qin et al., 2010; Schloissnig
et al., 2013; Tap et al., 2009) and collectively constitute the
vast majority (99%) of the bacterial population within individuals
(Schloissnig et al., 2013). However, whether a human core fecal
microbiota exists on a global scale or distinct cores characterize
geographically separated human populations has not been eval-
uated. We therefore determined the number of OTUs that were
jointly detected across cohorts and the average abundance
that these OTUs represented in each cohort as a function of
the fraction of subjects.
Of the 1,520 OTUs detected in this data set, 664 were

detected in both PNG and the US. Notably, these shared
OTUs represented the majority of the individual fecal micro-
biota in both cohorts (Figure 3B), comprising an average
of 97% ± 2% and 87% ± 5% of the sequences in US and
PNG individuals, respectively. To determine whether a high
proportion of the microbiome was also shared between other
westernized and non-industrialized microbiomes, we analyzed
published data sets of the Hadza hunter gatherers, Amerin-
dians, and Malawians and their respective controls (Schnorr
et al., 2014; Yatsunenko et al., 2012). This analysis confirmed
that shared OTUs dominate the microbiome in both western
and non-industrialized settings (Figure S3; Table S4). Interest-
ingly, in all data sets, the OTUs concurrently detected across
cohorts constituted a higher proportion of the microbiome of
westernized cohorts (Figures 3B and S3), which is in agreement

A

C D

B E Figure 2. Bacterial Biodiversity of the Fecal
Samples of PNG and US Participants
Diversity of the fecal microbiome was evaluated

using OTUs defined by 98% sequence similarity

cutoff.

(A and B) Comparison of rarefied Shannon di-

versity in the fecal microbiota of PNG and US in-

dividuals (A) and between the Asaro and Sausi

individuals (B).

(C and D) b diversity of the bacterial communities

computed with Bray-Curtis diversity indices

within the PNG and US fecal samples (C)

and within/between the Asaro and Sausi partici-

pants (D).

(E) NMDS ordination plot of fecal bacterial

communities based on the Bray-Curtis distance

metric.

(A–D) Mean ± SD; (A–C) Student’s t test; (D)

ANOVA; *p < 0.05; **p < 0.01; ***p < 0.001. See

also Figure S1.
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There	
  is	
  some	
  evidence	
  that	
  high	
  microbial	
  gut	
  diversity	
  is	
  linked	
  to	
  
good	
  health	
  
	
  
A	
  high	
  fiber	
  diet	
  has	
  been	
  advocated	
  as	
  a	
  way	
  of	
  increasing	
  gut	
  
microbial	
  diversity	
  	
  
(Deehan	
  and	
  Walter	
  2016	
  	
  
Trends	
  in	
  Endocrinology	
  and	
  Metabolism	
  27,	
  239-­‐242)	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
Q.	
  Can	
  sprouts	
  be	
  a	
  good	
  source	
  of	
  microbial	
  diversity	
  ?	
  
	
  
	
  
	
  
	
  



Applica2on	
  of	
  metagenomics	
  to	
  	
  
compe22ve	
  exclusion	
  

Compe22ve	
  exclusion	
  has	
  been	
  proposed	
  as	
  a	
  method	
  of	
  controlling	
  
pathogens	
  in	
  an	
  environmentally	
  friendly	
  way	
  
	
  
Diversity	
  theory	
  implies	
  that	
  higher	
  microbial	
  diversity	
  is	
  more	
  effec2ve	
  
	
  
Using	
  community	
  profile	
  metagenomics	
  a	
  precise	
  profile	
  of	
  a	
  microbial	
  
community	
  can	
  be	
  generated	
  
	
  
This	
  allows	
  precise	
  characteriza2on	
  of:	
  
	
  
1)  A	
  ‘good’	
  microbial	
  community	
  –	
  its	
  diversity	
  and	
  presence	
  of	
  

par2cular	
  strains	
  
2)  Monitoring	
  of	
  plant	
  growth	
  and	
  associated	
  microbial	
  community	
  

	
  
	
  



This	
  technique	
  circumvents	
  the	
  main	
  barrier	
  preven2ng	
  the	
  
development	
  of	
  compe22ve	
  exclusion	
  –	
  the	
  non	
  culturability	
  of	
  the	
  
majority	
  of	
  microorganisms	
  
	
  
(For	
  this	
  reason,	
  environmental	
  microbes	
  have	
  tradi2onally	
  been	
  
described	
  as	
  the	
  ‘dark	
  ma[er’	
  of	
  biology)	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
However,	
  the	
  technique	
  is	
  not	
  effec2ve	
  
for	
  the	
  iden2fica2on	
  of	
  trace	
  pathogens	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  
	
  
	
  

Credit:	
  W.-­‐L.	
  Deng	
  and	
  A.	
  Collmer,	
  Cornell	
  University	
  Credit:	
  technologyreview.com	
  



Raul	
  Cano	
  (Cal	
  Poly),	
  Gary	
  Toranzos	
  and	
  his	
  lab	
  (UPR	
  –	
  Rio	
  Piedras),	
  
Yvonne	
  Narganes	
  and	
  Luis	
  Chanla[e	
  (Dept	
  of	
  Archaeology,	
  UPR	
  –	
  Rio	
  
Piedras),	
  Erileen	
  Garcia-­‐Roldan,	
  Lucy	
  Bunkley-­‐Williams	
  (UPR	
  –	
  
Mayaguez)	
  
	
  
RISE	
  program	
  

Acknowledgements	
  


