
Metagenomics	
  and	
  the	
  NGS	
  technology
Francisco Rodriguez-Valera

UNIVERSIDAD MIGUEL HERNÁNDEZ

Wednesday, 21 September, 2011



1:  Introduction to Metagenomics (The era of cloning)
  
2: The advent of NGS, is there a role for clone libraries? 
 
4 : Screening for genes: activity vs sequence
 
5: What the future may bring
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The	
  pure	
  culture

Study	
  of	
  large	
  popula9ons	
  of	
  
microoganisms	
  that	
  reproduce	
  

clonally	
  from	
  a	
  single	
  cell

Louis	
  Pasteur Robert	
  Koch
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Culture	
  is	
  not	
  enough

• Most	
  prokaryotes	
  are	
  extremely	
  difficult	
  
to	
  retrieve	
  in	
  pure	
  culture

• Even	
  if	
  you	
  get	
  them	
  in	
  pure	
  culture	
  you	
  might	
  not	
  be	
  able	
  to	
  
perform	
  experiments	
  with	
  them	
  (physiology)

• The	
  genome	
  of	
  one	
  strain	
  may	
  not	
  represent	
  the	
  gene9c	
  
repertoire	
  of	
  the	
  “species”	
  in	
  the	
  community	
  PAN-­‐GENOME

• Many	
  microbes	
  require	
  close	
  interac9on	
  with	
  others	
  to	
  show	
  
their	
  abili9es
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isolate

Genomics
 
 
 Metagenomics

community

Sequencing
analysis

(P.Hugenholtz
adapted)

Not only 
16S rRNA!

Genomics	
  and	
  Metagenomics	
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Applica9ons

• Explora9on	
  and	
  conserva9on
• Metabiogeochemistry
• Systema9cs
• Popula9on	
  genomics	
  and	
  evolu9on
• Biotechnology
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Metagenomic Libraries

DNA	
  fragmentaBon
(3	
  Kpb	
  /	
  30-­‐40	
  Kpb	
  /BAC)	
  

fosmid	
  /	
  cosmid

(35-­‐40	
  Kpb)

Environmental	
  DNA

eDNA	
  	
  

plasmid

cloning

Eschericchia	
  coli

transducAon/
transformaAon

Micro&ter	
  plate

Metagenomic Libraries

Gene	
  “repository”

CLASSIC METAGENOMICS:AMPLIFICATION BY CLONING 

Sequencing	
  
primers

Sequencing	
  
primers

Small	
  insert	
  vectors
Large	
  insert	
  vectors

eDNA
3Kbp
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fosmid

$$$

(0.8	
  Kpb)

$$$

Metagenomic Libraries

fosmid-ends
(0.8	
  Kpb)

….(35-­‐40	
  Kpb)

$$$$$$

Sanger Sequencing

eDNA	
  
(3	
  Kpb)

plasmid

(0.8	
  Kpb) Pair-­‐ended

Pair-­‐ended

eDNA	
  
(35-­‐40	
  Kpb)

Interes9ng	
  fosmids	
  can	
  be	
  fully	
  
sequenced!!	
  but InteresBng	
  genes	
  are	
  at	
  the	
  endà	
  

incomplete	
  operons	
  someBmes	
  	
  

Large	
  database	
  s	
  like	
  GOS
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eDNA	
  can	
  be	
  screen	
  for	
  interes9ng	
  phenotypes
Func9on-­‐driven	
  analysis	
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Biological	
  ac9vity	
  screening
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DNA

METAGENOMICS : Sanger Sequencing 

Microbial	
  
community

•Large libraries easy to 
generate
•Natural contigs of ca: 3Kbp 
(pair ended)
•.Annotation of single genes  
(unreliable)
•Phenotype can be detected 
(very unlikely)

Cloning: Small insert 
vector (ca 3 Kbp)

Cloning: long insert vector
 (e.g. fosmids,ca. 35-40 Kbp eDNA)

•Large libraries more difficult 
•Natural contigs of ca: 35 Kbp 
(pair ended)
•Complete sequence allows 
annotation of clusters of genes 
(very reliable) 
•PCR or fosmid end screening 
•Phenotype can be detected 
(unlikely)

e.g.	
  GOS
(Global	
  Ocean	
  Sampling)

e.g.	
  HOTs
(Hawaii	
  Ocean	
  Time-­‐Series)

Wednesday, 21 September, 2011



NGS (New 
Generation

Sequencing) 
Originally, Next 

Generation Sequencing 
but actually 2nd 

generation, we are now on 
the brink of the 3rd

AMPLIFICATON 
emPCR

Array PCR
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Single Molecule Sequencing
Munroe and Harris, Nature Biotechnology, 28: 226 (2010)

Pac Bio Helicos Nanopore Ion Torrent

Gigantic technological drive for the individual human genome

NO AMPLIFICATION
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DNA

METAGENOMICS BY NGS: NO NEED FOR CLONING 

Microbial	
  
community mRNA

Cloning: Small insert 
vector (ca 3 Kbp)

Direct NGS 
Sequencing 

Cloning: long insert vector
 (e.g. fosmids,ca. 35-40 Kbp eDNA)

16/18S rRNA

•No need for cloning
•Low cost 
•Natural contigs of ca: 0.4-0.8 
Kbp 
•. Annotation of fragments of 
genes (very unreliable)  
•Phenotype can not be 
detected 

•Large libraries easy to 
generate
•Natural contigs of ca: 3Kbp 
(pair ended)
•. Annotation of single genes  
(unreliable)
•Phenotype can be detected 
(very unlikely)

•Large libraries more difficult 
•Natural contigs of ca: 35 Kbp 
(pair ended)
•Complete sequence allows 
annotation of clusters of genes 
(very reliable) 
•PCR screening 
•Phenotype can be detected 
(unlikely)

LOW	
  COST!!
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NGS	
  METAGENOMICS

• Straight	
  forward	
  simple	
  and	
  cheap
• Large	
  volume	
  of	
  sequence	
  (400	
  Mbp	
  by	
  
Titanium	
  454	
  pyrosequencing),	
  10	
  Gb	
  Solexa

• Thanks	
  to	
  the	
  high	
  coverage	
  assembly	
  of	
  large	
  
fragments	
  is	
  feasibleàAnnota9on	
  reliable

• Large	
  insert	
  libraries	
  can	
  be	
  sequenced	
  by	
  	
  NGS
• Sequence	
  driven	
  search	
  for	
  ac9vi9es
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Environmental	
  	
  
DNA	
  

plasmid

fosmid	
  /cosmid

e	
  DNA	
  
(35-­‐40	
  Kpb)

$$$

Metagenomic Libraries NGS sequencing

fosmid-ends
(1	
  Kpb)

….Complete
fosmid

Sanger Sanger

$

Interes9ng	
  fosmids	
  can	
  be	
  fully	
  
sequenced!!
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Metagenomic LibrariesNG-Sequencing Fosmids	
  	
  by	
  Pyrosequencing
Examples

ComparaBon	
  of	
  “bulk	
  
DNA”	
  (1	
  “run”)	
  vs	
  fosmid	
  
library
(12	
  Elisa	
  plates)

ISME	
  J,	
  2010

AEM,	
  2009

ClonaBon	
  bias

InteresBng	
  genes	
  at	
  the	
  end,	
  
incomplete	
  operons	
  someBmes

PLOS	
  one,	
  2007

Fosmid-­‐end	
  	
  random	
  sequencing	
  of	
  	
  KM3	
  metagenomic	
  library

ISME	
  J,	
  2008

Env.	
  Micro,	
  2008

Se
ar
ch
	
  o
f	
  s
pe

ci
fic
	
  g
en

e

16S	
  rDNA

CODH

Big	
  genomic	
  fragments	
  from	
  
unkown	
  species

Sanger

Sanger

On-­‐going:	
  Around	
  600	
  fosmids	
  of	
  marine	
  Archaea	
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MAGYK
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DNA 
extraction

454	
  plate
~1000	
  fosmids	
  
(12	
  collec9ons)

454	
  plateTIME	
  (months	
  May	
  to	
  Dec)

DEPTH
(metres)

DEEP	
  CHLOROPHYLL	
  MAXIMUM FOSMIDS
(30-40kb)

BULK 
DNA

FOSMID	
  vs	
  DIRECT
PYROSEQUENCING

0 20 40 60 80

%GC

0

104

2x104

3x104N
um

.	
  S
eq

.	
   4x104

5x104

6x104

7x104 Direct	
  sequencing	
  (DS)
Fosmid	
  sequencing

Fosmid	
  reads	
  with	
  no	
  hit	
  in	
  DS
Fosmid	
  reads	
  with	
  hit	
  in	
  DS

HydrostaAon	
  S	
  
(Sargasso	
  samples	
  GS001b	
  and	
  GS001c)

34%

52%

DIRECT	
  
SEQUENCING

FOSMID	
  
SEQUENCING

rRNA	
  Taxonomy
Taxonomy (rRNA)

Bias against alpha proteobacteria in fosmids
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Archaeal thermosome (3.8)
Archaeal RNA Polymerase (3.5)

Archaeal Flagellum(3.3)
Archaeal DNA replication (3.25)

Phosphate transport and Regulation (2.78)

More at the DCM

More at the surface

Methanogenesis from 
methylated compounds 
(-2.36)

Quorum sensing in Yersinia (-3.0)

CBSS-342610.3.peg.283 (-2.36)

Put names of genes in the picture
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Geranylgeranyl 
glyceryl phosphate 
synthase

ABC transporter  (ATP binding)

MamK 

Proteorhodopsin
excinuclease 
(ATPase sub.)

Phosphoribosyl  formyl 
glycinamidine  synthase I 

MedDCM-OCT-S08_C16

Phosphoribosyl  formyl 
glycinamidine  synthase II 

Archaeal clade
(high GC%)

Rhodopsin from 
Archaeal fosmid

Figure	
  3

Analize in depth “interesting” 
genes
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Figure	
  4
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Candidatus Pelagibacter sp. HTCC7211Prochlorococcus marinus subsp. pastoris CCMP1986
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Put genomes in the picture
Genome recruitment
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The	
  Amazon	
  River	
  Basin

Largest	
  river	
  in	
  the	
  world
6280	
  km	
  long
15%	
  of	
  total	
  runoff	
  of	
  all	
  rivers	
  in	
  the	
  world

Size	
  of	
  the	
  South	
  America:	
  17,840,000	
  sq.	
  Km
Amazon	
  Rainforest	
  Size:	
  8,235,430	
  	
  sq.	
  Km
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Sample Location

2379 metres

40 m 20 m

GPS Coordinates
03° 93’151’’ S
63° 18’56’’ W

Sample	
  CollecBon	
  Depth	
  (m) 20

Total	
  Depth	
  (m) 40

Temperature	
  (⁰C) 29.8

pH 7.09

Oxygen	
  (mg	
  L-­‐1) 5.05

Turbidity	
  (NTU) 18.20

M	
  susp(mg	
  L-­‐1) 45.67

DBP	
  (mg	
  L-­‐1) -­‐2.90

Transparency	
  (m) 2

ConducBvity	
  (µS	
  cm-­‐1) 109.7
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COLETA	
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FILTRAÇÃO
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Metagenomics	
  of	
  the	
  Amazon•Largest river in the world, 6280 km long
•15% of total runoff of all rivers in the world
•Size of South America: 17,840,000 sq. Km
•Amazon Rainforest Size: 8,235,430  sq. Km

DNA	
  extracAon
1	
  plate	
  	
  454
1	
  million	
  sequences

rRNA	
  Taxonomy

Dominance	
  of	
  Betaproteobacteria(Polynucleobacter),	
  
Freshwater	
  Alphaproteobacteria	
  (LD12,	
  SAR11	
  -­‐related)	
  and	
  
Freshwater	
  AcAnobacteria	
  (acI	
  lineage)

Low	
  GC	
  AcBnobacteria

Freshwater	
  rela9ve	
  of	
  ammonia-­‐oxidizing	
  crenarchaeon	
  
Nitrosopumilus	
  mariEmus	
  	
  (	
  synteny	
  in	
  amoABC	
  gene	
  cluster)

!"#$%&'"()*+',-./01,

!"#$%&'()*+&

,-.%&'/0*+&

1%22%&'3*+&

4-".%'(*+&

56%789%:.-;<%&'(*+&
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AcBnobacteria	
  
aCI	
  group

Streptomyces
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Metagenomic LibrariesAssembly

MIRA	
  (Sanger,	
  454,	
  Solexa,	
  PacBIO	
  )	
  	
  Linux

Seqman	
  –	
  DNAstar	
  (Sanger,	
  454	
  )

Geniuos	
  (454,	
  Solexa,	
  both),	
  Java	
  

*

PracBcal	
  	
  	
  Exercise

…	
  much	
  more

CLC	
  genomics	
  (454,	
  Solexa,	
  both),	
  Java	
   * Trial	
  Version “Sequences	
  –Group	
  5”
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Figure	
  5
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What	
  about	
  screening	
  for	
  useful	
  genes	
  ?
• From	
  sequence	
  to	
  func9on

– Screen	
  bulk	
  sequences	
  for	
  tell-­‐
tale	
  domains	
  

– Synthe9c	
  DNA	
  from	
  eDNA	
  seq
– Clone	
  in	
  adequate	
  host
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Lee	
  et	
  al,	
  Biotechnology	
  for	
  Biofuels	
  4:23,	
  2011,	
  4:23

Bioprospec9ng	
  metagenomes	
  for	
  glycoside	
  hydrolases
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DCM 50m,  Mediterranean sea
12,192 clones

 AD 1000m,  Adriatic sea
14,491 fosmid-end

KM3 3000m,  Ionian Sea
15,468 fosmid-end

110 FOSMIDS 
SELECTED FOR 
SEQUENCING

706 PKS-related
domains identified

IN SILICO 
SCREENING

KS AT DH ER KR ACP

ERYTHROMYCIN BIOSYNTHESIS – PKS GENE CLUSTER AND DOMAINS

PKS RELATED DOMAINS

KETOSYNTHASE ACYLTRANSFERASE DEHYDRATASE ENOY	
  REDUCTASEKETOREDUCTASE ACYL	
  CARRIER	
  
TRANSFERASE
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Single-­‐cell	
  genomics
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Single-­‐cell16S	
  rRNA	
  seqs.	
  from	
  3000	
  m	
  
deep	
  in	
  the	
  Mediterranean	
  

C.	
  Pelagibacter	
  ubique
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Outlook	
  for	
  the	
  next	
  10	
  years	
  

• Human,	
  farm	
  animals	
  and	
  Earth	
  microbiomes	
  
cataloguedà In-­‐depth	
  exploita9on	
  of	
  
microbial	
  diversity	
  

• Sequence	
  analysis	
  (annota9on)	
  limi9ng	
  step	
  
• Sequence	
  driven	
  screening	
  for	
  useful	
  
metabolic	
  pathways	
  (PKs,	
  NRP	
  etc),	
  enzymes,	
  
new	
  an9microbials,	
  new	
  probio9csà Huge	
  
oportuni9es	
  for	
  biotechà Be_er	
  health
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