Day 3

* Examine gels from PCR

 Learn about more molecular methods In
microbial ecology
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: mcrA 750bp

: Bacteria 1450bp
: Archaea 950bp

: Archaea + 950bp
: Negative control
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: Bacteria 1450bp
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Some Problems with PCR

Inhibitors in template DNA
Amplification bias

Gene copy number

Limited by primer design

Differential denaturation efficiency
Chimeric PCR products may form
Contamination w/ non-target DNA
Potentially low sensitivity and resolution
General screw-ups



(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




So you have a positive PCR
product: Now what?

Clone and sequence

Get “community fingerprint” via T-RFLP, DGGE, etc.
Design probes for imaging to provide spatial information
Quantify

Go straight into sequencing (next generation sequencing)
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Extract total
community DNA
Community DNA Environmental
sampling approach genomics approach
Amplify single gene, Restriction digest total DNA and
for example, gene then shotgun sequence, OR
encoding 16S rRNA sequence dlrectln (without
cloning) using a high throughput
DNA sequencer
Sequence and
generate tree Assembly and
annotation
E— Outcomes Q Og Partial
. genomes
Single-gene phylogenetic tree Total gene pool of the community

1. Phylogenetic snapshot 1. Identification of all gene categories

of most members of 2. Discovery of new genes

the community 3. Linking of genes to phylotypes
2. Identification of novel

phylotypes
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Traditional Gene Cloning
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What do you DO with sequences?

* Perform a similarity search

» Align the sequences

 Build a tree and classify

* Reconstruct genomes

» Categorize functions

» Compare organisms/samples
» Design probes and quantify
 Examine expression patterns
» Etc. Etc. Etc.



BLAST
Basic Local Alignment Search Tool

l MBL Zimbra: Inbox £3) | [ =] Google Calendar &3 | = Mucleotide BLAST: Search nuclectide d... | | & NCBI Blast:A4Sx11_RNA_12mcr|... £ | -+ | F
A4Sx11_RNA_12mcri5[9 |
(o]
Query ID Icl|17159 Database Name nr
Description 24Sx11_RNA_12mcr|S|9 Description 2l GenBank+EMBL+DDBI+PDB sequences (but no EST, 5TS,
Molecule type nucleic acid GSS,environmental samples or phase 0, 1 or 2 HTGS sequences)
Query Length 180 Program BLASTN 2.2.21+ P Citation
Other reports: »Search Summary [Taxonomy reports] [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 I
Color key for alignment scores
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Done

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



Making Sense of Sequences:
Molecular Phylogeny

1. Align sequences so that “homologous” residues
are juxtaposed.

2. Count the number of differences between pairs of
sequences; this is some measure of “evolutionary
distance” that separates the organisms.

3. Calculate the “tree,” the relatedness map, that
most accurately represents all the pairwise
differences.
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88 UEGUUGHEA A BEGEUA ABGEEE A A UAGEEUUECA UUBBICGAGACGEACRBUGAGA A A BCCEUABEARA UBUA AGGA- AGGHEACHAGEEGEGUAAAUU
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* Found similar novel
dsr sequences in the
sulfate-rich and
methane-rich zones

* Daifferent (and
already known) dsr
sequences in SMTZ



Denaturing Gradient Gel Electrophoresis (DGGE)

DNA 20% denaturant

= DNA stops moving
= on gel when it
reaches its critical

PCR16SRNA = denaturant

genes with bacterial N concentration
specific primer:/ _

=== == | — 70% denaturant

AWA

: ' Electrophorese at constant temperature
= on acrylamide gel containing a vertical
gradient of denaturant (urea and formamide)

B. Crump
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Microbial Biogeography along an Estuarine Salinity Gradient:
Combined Influences of Bacterial Growth and
Residence Time

Byron C. Crump,'* Charles 5. Hopkinson,” Mitchell L. Sogin,* and John E. Hobbie®

Hom FPoint Labaratory, University of Maryland Center for Enwirevamental Science, Cambridge, Maryland,'
and The Ecosystems Center and The Josephine Bav Paul Center for Comparative Molecular
Biology and Evolution,® Marine Biological Laboratory, Woods Hole, Massachuseris
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HG. 4. DGGE gel of PCR-amplified 16S fDNA genes from samples collected along the salinity gxadent on 28 Septembef 2000, Bands from
which DNA was sequenced are marked and numbered, corresponding 1o band numbers in Table 3.



rRNA Oligonucleotide Probes => Spatial context

Corynebacterium M Fusobacterium
B Streptococcus B Leptotrichia
Porphyromonas Capnocytophaga

M Haemophilus/Aggregatibacter Neisseriaceae J. Mark Welch et al. (2016) PNAS




Corynebacterium Porphyromonas B Fusobacterium Capnocytophaga J. Mark Welch et al.
B Streptococcus B Haemophilus/Aggregatibacter W Leptotrichia Neisserlaceas (2016) PNAS




Environmental Microbiology (2007) 9(1), 131—142

Diversity and abundance of sulfate-reducing

microorganisms in the sulfate and methane zones of a

marine sediment, Black Sea

doi:10.1111/].1462-2920.2006.01122.>
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Fig. 2. Biogeochemical zonation and data from the Black Sea sediment core PB24-GC.
A. Sulfate and methane concentration.

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



Quantitative PCR
(aka gPCR, Real Time PCR)

gPCR 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
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Fluorescent dye intercalates into dsDNA

&
S EEEEEEEENEN . .-- -

A. Denaturation Step

B. Annealing Step

E 34 Hvr i

C. Extension Step

Figure 2: Fluorescent Dyes in gPCR



Probe-based qPCR
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Quantitative (Real Time) PCR

Detection of “amplification-associated
fluorescence” at each cycle during PCR

No gel-based analysis
Computer-based analysis
Compare to internal standards

Must ensure specific binding of probes/dye



Environmental Microbiology (2007) 9(1), 131-142 doi:10.1111/].1462-2020.2006.01122.x

Diversity and abundance of sulfate-reducing

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

» Used gPCR to quantify total bacteria (16S rRNA)
and total sulfate reducers (dsr)



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 SBEM in the Black Sea sadiment core P824-GC.

A. Total bacteria and SHM as inferred from real-time PCR data. Values are given as mean * standard deviation of triplicates. » fotal bacterial
cells; W sulfate-reducing cells.

B. Depth profile of the relative contribution of SEM to the total bacterial cells as calculated from the data in (A).



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

Future studies will reveal whether these yet unidentified
microorganisms with new dsrdAB variants are active in the
environment and which life strategies they employ to
thrive in low-sulfate habitats that are apparently inhospi-
table for SEM.



The Central Dogma
f - ] DNA

P \? /— Nuclear membrane
Chromosome S S

: Transfer RNA
with amino acid
anticodon

g7 0%0000000! ' > Translation

‘Messenger
~  RNA leaves

) nucleus

Transcription

Q". e

Translation

Protein

Moving from “who is there?” to “who is active?”



Reverse Transcription PCR (RT-PCR)

* Looks at gene expression in the environment or
experimental treatment

* |solate mRNA

* Reverse transcribe mRNA to produce complementary
DNA (cDNA)

« Amplify cDNA by PCR or gPCR



RT-PCR

 RNA + Reverse Transcriptase + dNTPs = cDNA

RNA cDNA —
Extract RNA

Reverse
Transcriptase

 cDNA + Primers + Tag + dNTPs == gene of interest

 Who is active”? What genes are active?
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Diversity and Abundance of Nitrate Reductase Genes (nar(s and napA),

Nitrite Reductase Genes (nir§ and nrfd), and Their Transcripts in
Estuarine Sediments”

Colchesier

Brightlingsea Reach

e

FIG. 1. Map of the Codne esmary, Essex, Unied Kingdom, show-
ing the locatons of the three sampling sises (Hythe, Alresford, and
Brighdlingsea).



TABLE 1. Primer and probe sets used for O-{RT)-PCR

. Frimer or probe (LPCR oycle
Targel gene Pylotype Ampliccn — annealing
size (bp) Mme® Seguence (53] temp ()
napA rapAd-1 111 saapA-1F GTY ATG GAR GAA AAA TTC AA 55
wapd-1R GAR COG AAC ATG CCR AC
napA-1 [ TM-MGE) AAC ATG ACC TGG AAG
wapA-1 Th wapA-2F GAA OCK AYG GOY TGT TATG 55
napA-21. TGC ATY TCS GOC ATRTT
napA-2 (TM-MGB) CTTTGG GGTTCA A
rapA-3 130 wapA-3F COC AAT GCT CGC CAC TG il
rapA-11 CAT GTT KGA GCC CCA CAG
mapA-3 (TM-MGH) TGO GTT GTT ACG A
narls rarls-1 il warls-1F GAC TTC CGC ATG TOR AC &l
wnar e~ 1R I'TY TOG TAC CAG GTG GC
warie-1 {TM-MGH) TAY TCC GAC ATC GT
waris-I & waaris-IF CTC GAY CTG GTG GTY GA 55
searl -1 'Y TCG TAC CAG GTS GC
war -2 {TM-MGH) AACTTC CGC ATG GA
) varfd-2 &7 varfd-2F CAC GAC AGC AAG ACT GCC G &l
rrfd-IR CCG GCA CTT TCG AGC CC
wefd-2 (TM-MGE; TTG ACC GTC GGC A
nirs wirS-¢ 172 nir§-efF CAC OCG GAG TTC ATC GTC il
nirS-efl ACC TTG TTG GAC TGG TGO G
wirk-ef (TM-MGH) TGO TGO TCA ACT A
rirS-m 162 wir§S-mF GGA AAC CTG TTC GTC AAG AC il
war-m i C3G ART CCT TGG CGA COT
wirS-m [ TM) TCT GGG COG ACG CGC OGA TGA AC
warS-n 14 wirk-nF AAG GAA GTC TGG ATY TC 55
swirS-nk® COTTCAACTTRCOGG T
war-n { TM-MGH) ATC OGA AGA TSA

¥ For probes: TM-MGHE, TagMan minor groove binding; TH, TagMan.
B Ako known as nieSie (6]



© e s qRT-PCR
raw I . [ Gene copy and transcript
e e numbers are greatest at the
A Hyk estuary head (Hythe), where
“ e B the rates of
£ )] l ;s denitrification/DNRA are
oaw T highest.
Rapd=1 mapd-2 napd=3
c g™V ]
R
§ ot T e | — -
A H(

Key: 3 Hythe 3 Alresford B Brightlingsea



All require a priori 0 =
kn_owledge to design “ 5 5 > ~Microbial
primers or probes community

community DNA

Community DNA Environmental
sampling approa‘y genomics approach

Extract total l

Amplify single gene, Restriction digest total DNA and
for example, gene then shotgun sequence, OR
encoding 16S rRNA sequence directlx (without

cloning) using a high throughput
DNA sequencer

Sequence and

generate tree Assembly and

annotation

— 70utcomes g Partial

— genomes
Single-gene phylogenetic tree Total gene pool of the community
1. Phylogenetic snapshot 1. Identification of all gene categories
of most members of 2. Discovery of new genes
the community 3. Linking of genes to phylotypes
2. Identification of novel
phylotypes

© 2012 Pearson Education, Inc.



Sequencing Revolution




Traditional Gene Cloning

Grow
"environmental o
clones" on plates f

| ”" il Transform
N ||"II | E. coli cells
il with plasmids

nn i
PCR U @@
165 rRNA g gy Ligate
genes with —|[ [y Iy g 1l | 16S rRNA genes @ @Q
bacterial e i '
ri Il Iyl into plasmids
specific Iyl
i iy i s~

primers |
Schematic courtesy of B. Crump
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Next Gen

Sanger C.elegans AR SO 2011
sequencing 1998 Human Genome prqwucmg Hi-SEQ2000
1977 £ coli Eompleled 30100 GBin  Sequencer yields
l e Gaps Closed 1wk 600 GBin 8days (5
. 199? 2004 2006 201 D human genomes)
I
ittt it irdo 3 benchtop Next
ihiey SRR, | GEen Sequencers
e introduced
! 2f1 0-11
'y
L1 .
T 2010
; T 2004 Next %fgdsuec?ﬁgncers
P 15t Next-Gen )
dy 4] 3 2001 Sequencing 350 GB in 8 days
Draft Sequence p|atf0rm
1953 jggs RmanBename 2006-09 2010
Watson & First bacterial 3 mare Next-Gen 4= gingle molecule
Crick the Genome SEQUENCING  saqyencer "truly the start
structure of H.influenzae platforms appear o the 3 Generation era”
DA,

http://www.ipc.nxgenomics.or



Cost per Genome

Moore's Law

m) National Human Genome 0
Research Institute
X2 _
00’00,..”,

genome.gov/sequencingcosts 9 ‘

\
i - - -

20012002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015




What is the difference between
“standard” and “next-gen” sequencing?




Metagenomics

— 1y

Slle I
o Extract | L
@ DNA [ Il
=:

or
Directly Sequence (Illumina, PacBio,
10X, Nanopore, etc)
Total Environmental DNA

l Clone (BAC, Fosmid or Small Insert)



Metagenomics

I, |l
Extract | Iyl

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

Directly Sequence (Illumina)
Total Environmental DNA

oobp B B BR D D RIDD 1D B0 10 11 iil

3,000 bp
> 35,000 bp




Metagenomics

I, |l
Extract | Il

DNA -y
Clone (BAC, Fosmid or Small Insert) or
Directly Sequence (Illumina)
Total Environmental DNA

oobp B B BR D D RIDD 1D B0 10 11 iil

3,000 bp
> 35,000 bp

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



Reconstruct Genomes

- Peptide ABC transport systems ——=
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Categorize Functions

14

12 B Bacteria
Bl Archaea

10

Percent of genes

Carbohydrate metabolism  Cell membrane Coenzyme metabolism  Energy production Unknown function General predj

Functional category

© 2012 Pearson Education, Inc.



Proteorhodopsin phototrophy
in the ocean

Oded Béja*t, Elena N. Spudichi, John L. Spudichi, Marion Leclerc*
& Edward F. DelLong*

Bacterial Rhodopsin: Evidence

for a New Type of Phototrophy
in the Sea

Oded Bé&ja," L. Aravind,” Eugene V. Koonin,?
Marcelino T. Suzuki,’ Andrew Hadd,? Linh P. Nguyen,?
Stevan B. Jovanovich,® Christian M. Gates,? Robert A. Feldman,
John L. Spudich,* Elena N. Spudich,* Edward F. DeLong™*

3

Proteorhodopsin genes are distributed among
divergent marine bacterial taxa

Jose R. de la Torre®™, Lynne M. Christianson®, Oded Beja's, Marcelino T. Suzuki™, David M. Karl!, John Heidelberg**,
and Edward F. Delong® T



Metagenomics

I, |l
Extract | Iyl

pNA -y
Clone Fosmid or Small Insert) or
l Direetly Sequence (Illumina)

Total Environmental DNA

woep B B BD D D ROD 0D B0 1L 11 iil

3,000 bp
> 35,000 bp

16s rRNA gene
Gammaproteobacteria
SARS86
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A new way of using sunlight in the surface ocean

DelLong EF, Béja O (2010) The Light-Driven Proton Pump Proteorhodopsin Enhances Bacterial Survival during Tough
Times. PLoS Biol 8(4): e1000359. doi:10.1371/journal.pbio.1000359
http://www.plosbiology.org/article/info:doi/10.1371/journal.pbio.1000359

PLOS sioLoay


http://www.plosbiology.org/article/info:doi/10.1371/journal.pbio.1000359

Proteorhodopsins occur in 13%-80% of marine
bacteria and archaea in oceanic surface waters

FE Font Color Legend
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The Central Dogma
r — ] DNA

I b

e %'\' /—Nuclear membrane
Chromosome 1

; Transfer RNA
{3 — ‘ with amino acid
) : : anticodon

RNA polymerase 4/ A g‘a g-
e K | CRNAD

Polypeptide chain

Transcription

___,//)‘

Messenger
RNA leaves
nucleus

Translation

Ribosome

Protein

Moving from “who is there?” to “who is active?”



Metatranscriptomics

|
Extract Make I [ IRl

) RNA  ooNA
l Clone (BAC, Fosmid or Small Insert) or

Directly Sequence (Illumina) e
Total Environmental DNA

woop 1 KR BD B D 0IDD 10 B 1 11 11iHii

3,000 bp
> 35,000 bp

Access expressed genes of uncultured microbes
Looking at expression of defined genes via PCR
GeoChip-type analyses with RNA
Etc.



And the list goes on...

Optical tweezers
Single cell genomics
Meta-proteomics
Microarrays

Flow Cytometry
Nano-SIMS FISH
In-situ PCR and FISH




