
Day 3 

ÅExamine gels from DNA and PCR 

 

ÅLearn about more molecular methods in 

microbial ecology 







Class DNA 

10,000 bp 

3,000 bp 

500 bp 

1    2    3    4    5   6   7    8    9    10  11  12  13 

1,500 bp 

1,000 bp 

2,000 bp 



Genes We Targeted 

Å16S rRNA Bacteria 

Å16S rRNA Archaea 

ÅmcrA Methanogens  

ïMethyl coenzyme M reductase 

ÅdsrB Sulfate reducers  

ïDissimilatory bisulfite reductase 

ÅpmoA Methanotrophs 

ïParticulate methane                                                                

monoxygenase 

 



LN              SOK       JB  

3000 bp 

1    2    3    4    5   6   7 

1000 bp 

1    2    3    4    5   6   7 

1    2    3    4    5   6   7 1    2    3    4    5   6   7 

1    2    3 

4    5   6   7 

JB              CK       EL  

500 bp 

1-1800bp 

 

2-750bp 

 

3-600bp 

 

4-1450bp 

 

5-950bp 

 

6-950bp 

 

7-blank 

 



JS                AH               AS  

3000 bp 

1    2    3    4    5   

1000 bp 

1    2    3    4    5   6   7 

1    2    3    4    5   6   7 1    2    3    4    5   6   7 

1    2    3    4    5 

6   7 

AS               SN              EM  

500 bp 

1-1800bp 

 

2-750bp 

 

3-600bp 

 

4-1450bp 

 

5-950bp 

 

6-950bp 

 

7-blank 

 



JS                      SY                                AM   

  1     2      3     4     5      6      7   1     2      3     4     5 

6      7   1     2      3     4     5      6      7 

JS                      AM             JH  

3000 bp 

1000 bp 

500 bp 

1-1800bp 

 

2-750bp 

 

3-600bp 

 

4-1450bp 

 

5-950bp 

 

6-950bp 

 

7-blank 

 



Some Problems with PCR 

ÅInhibitors in template DNA 

ÅAmplification bias 

ÅGene copy number 

ÅLimited by primer design 

ÅDifferential denaturation efficiency 

ÅChimeric PCR products may form 

ÅContamination w/ non-target DNA 

ÅPotentially low sensitivity and resolution 

ÅGeneral screw-ups 



So you have a positive PCR product: 

Now what? 

 



Community 
sampling approach 

Environmental 
genomics approach 

Outcomes 

Single-gene phylogenetic tree Total gene pool of the community 

1. Identification of all gene categories 
2. Discovery of new genes 
3. Linking of genes to phylotypes 

Phylogenetic snapshot 
of most members of  
the community 

1. 

Identification of novel 
phylotypes 

2. 

Amplify single gene, 
for example, gene 
encoding 16S rRNA 

Restriction digest total DNA and 
then shotgun sequence, OR 
sequence directly (without 
cloning) using a high throughput 
DNA sequencer 

Extract total 
community DNA 

Microbial 
community 

Sequence and 
generate tree Assembly and 

annotation 

DNA 

Partial 
genomes 
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Quantitative PCR 

 



B. Crump 

dsr 

dsr 

Sequence 

Clones 



What do you DO with sequences? 

ÅPerform a similarity search (database)  

 

ÅAlign the sequences (common ancestry) 

 

ÅBuild a tree (phylogeny and taxonomy) 



BLAST 

Basic Local Alignment Search Tool 

 

http://blast.ncbi.nlm.nih.gov/Blast.cgi 



BLAST 

Basic Local Alignment Search Tool 

http://blast.ncbi.nlm.nih.gov/Blast.cgi 



Align Sequences and Relatives 

 



Build a Tree (Phylogeny) 

Reconstructing evolutionary history and studying 

the patterns of relationships among organisms  



Classification (who is who) 

 



ÅFound similar novel 

dsr sequences in the 

sulfate-rich and 

methane-rich zones 

ÅDifferent (and 

already known) dsr 

sequences in SMTZ 



Quantitative PCR 

 



Quantitative (Real Time) PCR 

Real time PCR monitors the fluorescence 

emitted during the reactions as an indicator of 

amplicon production at each PCR cycle (in 

real time) as opposed to the endpoint detection 



Slide courtesy of Byron Crump 



ÅDetection of ñamplification-associated 

fluorescenceò at each cycle during PCR 
 

ÅNo gel-based analysis 
 

ÅComputer-based analysis 
 

ÅCompare to internal standards 
 

ÅMust insure specific binding of probes/dye 

Quantitative (Real Time) PCR 



Quantitative PCR 

ÅUsed qPCR to quantify total bacteria (16S 

rRNA) and total sulfate reducers (dsr) 



Quantitative PCR 

 

Sulfate 

reducing 

bacteria 

(dsr gene) 

peaks at 

SMTZ 





Moving from “who is there”  

to “who is active” 

DNA 

mRNA 

Transcription 

Protein 

Translation 
Ribosome 



Reverse Transcription PCR (RT-PCR) 

 
ÅLooks at what genes are being expressed in the environment 

 

ÅIsolate mRNA 

 

ÅReverse transcribe mRNA to produce complementary DNA 
(cDNA) 

 

ÅAmplify cDNA by PCR 

 

ÅAnalyze genes from environment 



RT-PCR 

ÅRNA + Reverse Transcriptase + dNTPs= cDNA 

 

 

 

ÅcDNA + Primers + Taq + dNTPs = gene of interest 

 

ÅWho is active? What genes are active? 





 



qRT-PCR 

ÅGene copy and transcript 

numbers are greatest at the 

estuary head (Hythe), 

where the rates of 

denitrification/DNRA are 

highest. 



Another way to quantify 

(and visualize) microbes 

 
Fluorescent In-Situ Hybridization (FISH)  
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What else? 

ÅCombining uptake experiments with molecular 

tools 

 

ÅSequencing Revolution 

 

ÅMeta-ñomicsò a la Ed Delong 

 

ÅMany many moreé 

 



ÅLinks specific metabolic activity to diversity 

using a stable isotope 

 

ÅMicroorganisms metabolizing stable isotope 

(e.g., 13C) incorporate it into their DNA 

 

ïDNA with 13C can then be used to identify the 

organisms that metabolized the 13C 

 

ïSIP of RNA also possible 

Stable Isotope Probing (SIP) 



 



From Hugenholtz and Tyson 2008 

Sequencing Revolution 

Platform Million base 

pairs per run 

Cost per 

base (cents) 

Average read 

length (base 

pairs) 

Dye-terminator 

(ABI 3730xl) 

0.07 0.1 700 

454-Roche 

pyrosequencing 

(GSFLX 

titanium) 

400 0.003 400 

Illumina 

sequencing 

(GAii)  

2,000 0.0007 35 



From Metzker 2010 



Community 
sampling approach 

Environmental 
genomics approach 

Outcomes 

Single-gene phylogenetic tree Total gene pool of the community 

1. Identification of all gene categories 
2. Discovery of new genes 
3. Linking of genes to phylotypes 

Phylogenetic snapshot 
of most members of  
the community 

1. 

Identification of novel 
phylotypes 

2. 

Amplify single gene, 
for example, gene 
encoding 16S rRNA 

Restriction digest total DNA and 
then shotgun sequence, OR 
sequence directly (without 
cloning) using a high throughput 
DNA sequencer 

Extract total 
community DNA 

Microbial 
community 

Sequence and 
generate tree Assembly and 

annotation 

DNA 

Partial 
genomes 

© 2012 Pearson Education, Inc. 



Metagenomics  
a.k.a., Community Genomics, Environmental Genomics 

Does not rely on Primers or Probes (apriori knowledge)! 

Image courtesy of John Heidelberg 



Metagenomics  



Metagenomics  



Access genomes of uncultured microbes: 

Functional Potential 

Metabolic Pathways 

Horizontal Gene Transfer 

é 

Metagenomics  



From the Most άSimpleέ Microbial 

CommunitiesΧ 

ÅAcid Mine Drainage (pH ~0!) 

ÅJillian Banfield (UC Berkeley) 

ÅWell-studied, defined environment with ~4 

dominant members 

ÅWere able to reconstruct almost entire 

community ñmetagenomeò 

ÅTyson et al. 2004 



Χ to the potentially most diverse! 

ÅThe Sorcerer II Global Ocean Sampling Expedition 

ÅJ. Craig Venter Institute ñSequence now, ask questions laterò 

ÅVery few genomes reconstructed 

ÅSequenced 6.3 billion DNA base pairs (Human genome is ~3.2) from top 5 m of ocean 

ÅDiscovered more than 6 million genesé and they are only halfway done! 

Venter et al. 2004 



Metatranscriptomics 

Access expressed genes of uncultured microbes 



(Some) Problems with Molecular Methods 

D/RNA extraction Incomplete sampling 

Resistance to cell lysis 

Storage Enzymatic degradation 

PCR Inhibitors in template DNA 

Amplification bias 

Gene copy number 

Fidelity of PCR 

Differential denaturation efficiency 

Chimeric PCR products 

Anytime Contamination w/ non-target DNA 



And the list goes on… 

ÅOptical tweezers 

ÅSingle cell genomics 

ÅMeta-proteomics 

ÅMicroarrays 

ÅFlow Cytometry 

ÅNano-SIMS FISH 

ÅIn-situ PCR and FISH 

Åé 



 



The Deep Sea ESP (D-ESP) 

Doing qPCR at 

1520m! 

~0.5m 

~
1

m
  

Scholin et al. 2009 


