Day 3

A Examine gels from DNA and PCR

A Learn about more molecular methods in
microbial ecology
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Genes We Targeted

A 16S rRNA Bacteria T
A 16S rRNA Archaea ——= =

A mcrA Methanogens ey
I Methyl coenzyme M reductase

A dsmB Sulfate reducers
I Dissimilatory bisulfite reductas

A pmaA Methanotrophs

I Particulate methane
monoxygenase Conceniaton

microaerophilic
zone

— anaerobic
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Some Problems with PCR

A Inhibitors in template DNA

A Amplification bias

A Gene copy number

A Limited by primer design

A Differential denaturation efficiency

A Chimeric PCR products may form

A Contamination w/ notiarget DNA

A Potentially low sensitivity and resolution
A General screwps



So you have a positive PCR product:
Now what?
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Community
sampling approach

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

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

Partial
genomes
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Single-gene phylogenetic tree
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Environmental Microbiclogy (2007) 9(1), 131142 doi:10.1111/].1462-2920.2006.01122.x

Diversity and abundance of sulfate-reducing

microorganisms in the sulfate and methane zones of a
marine sediment, Black Sea
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Fig. 2. Biogeochemical zonation and data from the Black Sea sediment core P824-GC.
A. Sulfate and methane concentration.

B. Sulfide concentration.
C. Sulfate reduction rate (SRR).



Clone Library
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What do you DO with sequences?

A Perform a similarity search (database)
A Align the sequencegcommon ancestry)

A Build a tree (phylogeny and taxonomy)



BLAST
Basic Local Alignment Search Too

MEL Fimbra: Inbox = | || Google Calendar = | = Mucleotide BLAST: Search rucleotide d.. | | = NCBI Blast:A45x11_RNA_12mcr|... £ | + |

~ | AdSxT1_RNA_12mcr(5|9

Query ID cl|17159 Database Name nr
Description A245%11 RMA_1Zmcr|5]9 Description 2l GenBank+EMEL+DDBEI+FDR sequences (but no EST, 575,

Molecule type nucleic acid G55,environmental samples or phase 0, 1 or 2 HTGS sequences)
Query Length 130 Program BLASTN 2.2.21+ B Citation

Other reports; BSearch Summary [Tasonomy reporks] [Distance tree of results

¥ Graphic Summary

Distribution of 102 Blast Hits on the Query Sequence &)

|Mouse over to see the defline, click to show alignments |

Color key for alighment scores

<40 40-50 80-200 >=200
G ue ry |
1 | | | 1 | 1
0 30 &0 S0 120 150 130

|

Done

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



BLAST

Basic Local Allgnment Search Tool

MEL Fimbra: Inboc | "= Google Calendar = Mucleotide BLAST: Search nucleotide d... = NCBI Blast:A45x11_RNA_12mcr]... [ |

F

>r-ghID0516909.lI Methanocaldococcous jannaschii spike-in control MI-S000-193 genomic
SeqUence
Length=5000
Score = 289 bits (32Z0), Expect = Ze-75
Identities = 1727180 (95%), Gaps = 07180 (0%)
Strand=Plus/Flus
fuery 1 CCACTTCGEAGGTTCACALAGAGCAGGGETTACAGCTGCTRCAGCAGGTATTACAACAGE &0

PPTELET et et tr e et et e e e e e et e et 1
Shict 6131 CCACTTCGGAGGTTCCCALAGAGCAGGGGTTACAGCTGCTGCAGCAGGTATTACALCTGE 61590

Query 6l ATTAGCTACAGGAMLCTCAALC GCTHEACTTAACGGATGETATCTAAGCCAAATCTTACA 120

PELTELEEr et e e e e et e e e e e e ey e 1l
Shict 6191 ATTAGCTACAGGAALCTCAAACGCTGGAGTTALCGGATGGTATCTALGCCAGATATTGCA G250

Query 121  TARAGLATACCACAGCAGATTAGGATTCTATGGTTATGACTTGCARGLCCAGTETGEAGD 180
FPEEEETEE e et et e e e e e e e e et el
Shict 6251 CARAGAATACCACAGCAGATTAGGATTCTATGGTTATGACTTACARGLCCAGTGTGRAGD 6310

}rghIL'??ll?.lI E Merthanocaldococous jannaschii DSM 2661, complete genone
Length=1664970

Sort aligqments for this subject sequence by:
E walue Score Percent identity
fuery start position Subject start position

Features in this part of subject sedquence:
wethyl coenzyme M reductase I, subunit alpha (mord)

Score = 289 bits (32Z0), Expect = Ze-75
Tdentitiez = 1727180 (95%), Gaps = 0/180 (0%)
Strand=Plus/Flus

Ouery 1 CCACTTCGGAGGTTCACALAGAGCAGGGGTTACAGCTGCTGCAGCAGGTATTACALCAGE 60

Sbict 773012 CCACTTCGOAGBTTLCEARAGACCAGLECTTACAGETECTOLACABETATTACAALTEL 773071

Muery 61 ATTAGCTACAGGALACTC LA GCTGEACTTALCGGATGGTATCTALGCCALATCTTACA 120

Shict 773072 KTTAGCTACAGBAAACTEAAACSUTOOACTTARCSOATOSTATETAMGETAGATATTSMA 779151

Query 121 TARAGAATAC CACLGCAGLTTAGGATTCTATGCTTATGACTTCCALGACCAGTFTGEAGD 180

Shiot 773132 CARAGAMTALLACABLAGATTAGSATTUTATOSTTATCACTTACAMGACRAGTOTSSASE 773101
Tomtairon dw thdio ot of cbdoor ccenicsoos

Done

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



Align Sequences and Relatives
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Build a Tree (Phylogeny)

Reconstructing evolutionary history and studying
the patterns of relationships among organism:s

C is the outgroup
A and B are sister groups to A and B

taxon A taxon B taxon C

"ommon ancestor
of Aand B



Classification (who Is who)
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Environmental Microbiclogy (2007) 9(1), 131142 doi:10.1111/].1462-2920.2006.01122.x

Diversity and abundance of sulfate-reducing

microorganisms in the sulfate and methane zones of a
marine sediment, Black Sea



Quantitative (Real Time) PCR

Real time PCR monitors the fluorescence
emitted during the reactions as an indicator o
amplicon production at each PCR cycle (in
real time) as opposed to the endpoint detectic
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. Denature DNA (1 double strand to 2 single strands) and attach primers
Polymerase Chain
—{_}

Reaction (PCR) = 1

Enzyme (DNA Polymerase) creates complementary strands
from free nucleotides

Genomic
DNA — -
]
Repeat

/ \‘., ' . J

primer site / s primer site rd «—
N —

. —

i

Geometric increase in PCR product

— —_— S 30 cycles of PCR creates
— 230 copies of the original template
o > — — > 1,000,000,000 copies

Slide courtesy of Byron Crum|



Quantitative (Real Time) PCR

ADet ecti on o fassdcitedp | i f i
fl uorescenceo at eac:t

A No gelbased analysis
A Computerbased analysis
A Compare to internal standards

A Must insure specific binding of probes/dye



Environmental Microbiclogy (2007) 9(1), 131142 doi:10.1111/].1462-2920.2006.01122.x

Diversity and abundance of sulfate-reducing

microorganisms in the sulfate and methane zones of a
marine sediment, Black Sea

A UsedgPCRto quantify total bacteria (16S
rRNA) and total sulfate reducerds{)



Environmental Microbiology (2007) 9(1), 131142

doi:10.1111/].1462-2920.2006.01122.x

Diversity and abundance of sulfate-reducing
microorganisms in the sulfate and methane zones of a
marine sediment, Black Sea
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Fig. 3. Abundance of total bacteria and SRM in the Black Sea sediment core P824-GC.
A. Total bacteria and SHM as inferred from real-time PCR data. Values are given as mean = standard deviation of triplicates. » total bacterial
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Environmental Microbiclogy (2007) 9(1), 131142 doi:10.1111/].1462-2920.2006.01122.x

Diversity and abundance of sulfate-reducing
microorganisms in the sulfate and methane zones of a

marine sediment, Black Sea

Future studies will reveal whether these yet unidentified
microorganisms with new dsrAE variants are active in the
environment and which life strategies they employ to
thrive in low-sulfate habitats that are apparently inhospi-
table for SHM.
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Reverse Transcription PCR (RFPCR)

A Looks at what genes are being expressed in the environm
A Isolate MRNA

A Reverse transcribe mRNA to produce complementary DN/
(cDNA)

A Amplify cDNA by PCR

A Analyze genes from environment



RT-PCR

A RNA + Reverse TranscriptasedNTPs= cDNA

-, ™

RNA ¢DNA -— |
Extract RNA

Reverse
Transcriptase

A cDNA + Primers +Taq+ dNTPs= gene of interest

A Who is active? What genes are active?
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Diversity and Abundance of Nitrate Reductase Genes (narG and napA ),

Nitrite Reductase Genes (nirS and nrfd), and Their Transcripts in
Estuarine Sediments"
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FIG. 1. Map of the Colne eswary, Essex, United Kingdom, show-
ing the locations of the three sampling sites (Hythe, Alresford. and

Brightlingsea).



TABLE 1. Primer and probe seis ased for Q-(RT)-PCR

. Primer or probe (PR cycle
Targel gene Fhylotype Ampliccn — anncaling
size (by) Pame® Seguence (5°—37) emp ()
napA napA-1 11 wapA-1F GTY ATG GAR GAA AAA TTC AA 53
napA-1R GAR CCG AAC ATG CCR AC
mapA-1 (TM-MGE) AAC ATG ACC TGG AAG
wapAd-21 Th wapA-2F GAA CCK AYG GOY TGT TATG 55
napA-21 TGC ATY TCS GOCC ATRTT
napAd-2 (TM-MGR) CTTTGG GOT TCA A
wap-3 1.3 wapA-3F CCC AAT GCT CGC CAC TG &l
napA-IR CAT GTT KGA GOC CCA CAG
napA-3 (TM-MGE) TGG GTT GIT ACG A
narls warls-1 & warlz-1F GAC TTC CGC ATG TCR AC &0
war(z-1H 'Y TCG TAC CAG GTG GC
warlz-1 {TM-MGH) TAY TCC GAC ATC GT
war{s-2 &0 warls-2F CTC GAY CTG GTG GTY GA 55
nar(s-2H I'TY TCG TAC CAG GTS GC
waris-2 {TM-MGH) AACTTC CGC ATG GA
rfi vrfd-2 &7 wrfd-2F CAC GAC AGC AAG ACT GOC G &0
wrfd-IR CCG GCA CTT TCG AGC CC
wrfd-2 (TM-MGB) TTG ACC GTC GGC A
nirs iS4 172 nrS-ciF CAC OCG GAG TTC ATC GTC &l
nirS-ciR ACC TTG TTG GAC TGG TGO G
nirS-of ([TM-MGE) TGC TGO TCA ACT A
wirS-m 162 wirs-mF GGA AAC CTG TTC GTC AAG AC &l
wirS-mR CRC ART CCT TGG COA CGT
wirS-m [ T™) TCT GGG OOG ACG OGC CGA TGA AC
wirb-n 141 nirS-nF AAG GAA GTC TGG ATY TC 35
wirS-nHl? CGTTOA ACT TRC OGG T
nirS-n (TM-MGB) ATC OGA AGA TSA

“ For probes: Th-MGE, TagMan minor groove hinding; TW. TagMan.
P Akeo known as nirSir (&)
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Another way to quantify
(and visualize) microbes

Fluorescent In-Situ Hybridization (FISH)

000

00 Sulfate

Reducer
Fix cells in Probe
paraformaldehyde

Attach
cells to slide

Hybridize with
fluorescent probes and
view with epifluorescence
microscope
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What else?

A Combining uptake experiments with moleculau
tools

A Sequencing Revolution
AMetafiomic® a | a Ed Del on

AManymanymo r e é



Stable Isotope Probing (SIP)

ALinks specific metabolic activity to diversity
using a stable isotope

AMicroorganisms metabolizing stable isotope
(e.qg.,23C) incorporate it into their DNA

i DNA with 13C can then be used to identify the
organisms that metabolized th€

I SIP of RNA also possible



This cell
metabolizes
“C substrate

e~ 0

— 12

Feed'*C Extract
— / substrate DNA
Environmental These cgllsgo not
sample metabolize ''C
substrate

© 2012 Pearson Education, Inc.

light (12C)

from heavy
("*C) DNA
12C-DNA

Ultracentrifuge
tube with DNA

g@m-

Colin Murrell

C-DNA

Remove and

— 3C-DNA ==P>|analyze (PCR

16S rRNA or
metabolic genes,
or do genomics)




Seqguencing Revolution

Platform Million base | Cost per |Average read

pairs per run| base (cents)| length (base
pairs)

Dye-terminator 0.07 0.1 700

(ABI 3730xI)

454-Roche 400 0.003 400

pyrosequencing

(GSFLX

titanium)

lllumina 2,000 0.0007 35

sequencing

(GAI)

FromHugenholtzandTyson 200¢



lable 2 | Sequencing statiztics on personal genome projects

Personal
Genome

- Craig
Venter

James D,
Watson

Yoruban

mals
(NA18507)

Han
Chinese
mals

Korean
male (4K 1)

Korean

male (5]K)

Yoruban
male
(NA18507)

Stephen R.

Ouake
AML

female
AML male
James E.

Lupski
CMT male

Platform

Automated
Sanger

Roche/454

Muminaf
Solexa

lumina/
Solexa

lluminas
Solexa

Muminas
Solexa

Lite/APG

Helicos
BioSciences

lMumina/

Solexa

Iuminas
Solexa

Lite/APG

Genomic
template
libraries

MP from
BACs, fosmids
E plasmids

Frag: 500 bp

03% MP: 200 bp
7% MP: 1.8 kb
66% Frag:
150-250bp

34% MP: 135 bp
& 440 bp

21% Frag: 130bp &
440 bp

70% MP: 130 bp,
300bp & 2.7kb

MP: 100 bp.
200 bp & 300bp

0% Frag:
100-500bp

01% MP:
600-3,500 bp

Frag: 100-500bp

Frag: 150-200 bp*
Frag: 150-200 bp*
MP: 200-250 bp™
MP: 200-250 bp

16% Frag:
100-500bp

B4% MP:
600-3,500 bp

Mo. of
reads
(millions)

£y RY

03.7°

3.410%
7

10217

1.029

EMEY

1,156

1.647%

M1¥

20754

27254

27300+
1,081
1.62(F+
1,351+5
238+

1.211%

Read
length
{bases)

BOO

2508

35

35

35

36

36. 88,
106
35.74
50
25,50

325

32
35
35
50
35

25,50

Base
coverage

(fold)

1.5

7.4

40.6

36

278

20.0

179

28

EY N
13.0
23.3
21.3
20.6

Assembly

Denovo

Aligned*

Aligned*

Aligned*

Aligned*

Aligned*

Aligned*

Aligned*

Aligned*

Aligned*

Aligned*

Genome SMNVsin
coverage millions
(%)* (alignment
tool)
MfA i1
gsl 3.32(BLAT)
Q0.0 3.83 (MAQ)
4.14 (ELAND]
0.0 3.07 (S0AF)
Q0.8 3.45 (GSMNAP)
Q0.0 3.44(MAQ)
Q8.6 3.87
(Corona-lite)
a0 2.8
(IndexDF)
01 3817 (MAQ)
&3 2.02% (MAQ)
Q8.5 3.467 (MAQ)
074 3.45% (MAQG)
Q0.8 3.47

(Corona-lite)

Mo. of Estimated
runs cost
(USS)
=340,000 70,000,000
234 1.000.000"
40 250,000
35 500,0001
30 200.0001
15 250,0001F
0.5 60,0001 **
4 48,0001
48 1.600.000m
34
16.5 500,000
131
3 7500011
FromMetzker2010
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Extract total

community DNA

“3 “~Microbial
community

l

Community
sampling approach

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

Sequence and
generate tree

R 70u1

DNA o Environmental

™. genomics approach

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

Assembly and |
annotation

g Partial

genomes

comes

Single-gene phylogenetic tree

1. Phylogenetic snapshot
of most members of
the community

2. ldentification of novel

phylotypes

Total gene pool of the community

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




Metagenomics

a.k.a., Community Genomics, Environmental Genoir
Does not rely on Primers or Probes (apriori knowledge)

4 3

o & (o)
- Concentrate

Q o

Sequence Library ‘ {Screen Library
Assemble a) Survey Sequence a) Phylogenetic markers
b) High Throughtput b) functional Genes
Locate clone of interest

)
Image courtesy of John Heidelb:s



Metagenomics

I
— lytini
Extract g 1y "l

DNA - Iy

Clone (BAC, Fosmid or Small Insert)
or Directly Sequence (454 Pyrosequence)
Total Environmental DNA




Metagenomics

Il
Extract ")l

p pNa gy
l Clone (BAC, Fosmid or Small Insert)

or Directly Sequence (454 Pyrosequence)
Total Environmental DNA

wobp B AR BD DR D DD D B0 11 1HiIiniil

3,000 bp
> 35,000 bp




Metagenomics

I
— lytini
Extract g 1y "l

DNA - Iy
l Clone (BAC, Fosmid or Small Insert)

or Directly Sequence (454 Pyrosequence)
Total Environmental DNA

wobp B AR BD DR D DD D B0 11 1HiIiniil

3,000 bp
> 35,000 bp

Access genomes of uncultured microbes:
Functional Potential
Metabolic Pathways
Horizontal Gene Transfer
é



From the Most 6Simpleg Microbial
CommunitiesX

Eukaryotes 4% Sulfobacillus spp. 1%
Archaea 10%

Leptospiriiium
ap |l 10%

[

Leptospiriilum
gp 1 75%

o A
oA
o =

A\cid Mine Drainage (pH ~0!)
Alillian Banfield (UC Berkeley)

ANell-studied, defined environment with ~4
dominant members

ANere able to reconstruct almost entire
community fnAmetagenorl

Arysonet al 2004




X to the potentially most diverse!

Font Color Legend
IBEA-SAR samples

Cultured species

—Proteorhodopsin-like 4

— Proteorhodopsin

— Proteorhodopsin-like 1

™

— |BEA SAR Novel Opsins 1-4
Z Halorhodopsins

—Fungal Opsin

— Bacteriorhopsins

a— =~ Sensory Opsins

Venteret al. 2004

AThe Sorcerer IIGlobal Ocean Sampling Expedition

A. Craig Venter I nstitute fiSequence now
Alery few genomes reconstructed

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

Di scovered more than 6 million genesé a



Metatranscriptomics

|
— — 1 H"
Extract Make 1l

) RNA - edNA

Clone (BAC, Fosmid or Small Insert)
or Directly Sequence (454 Pyrosequence)
Total Environmental DNA

wopp 1 AR W BD D R 00D 00D B0 11 1iIiil

3,000 bp
> 35,000 bp

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/ nottarget DNA




And t he |1 st

A Optical tweezers

A Single cell genomics
A Meta-proteomics

A Microarrays

A Flow Cytometry
ANanoSIMS FISH |
Aln-situ PCR and FISH |
Aé




T
RE R .
OPEN & ACCESS Freely available online ~ PLOS One

Underwater Application of Quantitative PCR on an
Ocean Mooring

Christina M. Preston'*, Adeline Harris', John P. Ryan', Brent Roman', Roman Marin, IlI', Scott Jensen’,
Cheri Everlove', James Birch', John M. Dzenitis?, Douglas Pargett', Masao Adachi®, Kendra Turk?,
Jonathon P. Zehr?, Christopher A. Scholin’

CTO and 15U5)

Collection
Syringe

Contextual Sensors

Waste

Reagents

1.Sample Collection & Lysis
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Microfluidic
Block

~1m

Plick reusable solid
Carousel phase extraction
column
~0.5m

Scholin et al. 2009

1520m!

in situ mass
spectrometer



