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Molecular ecology

Tools for population, community,
and ecosystem studies

Increasing relevance
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DNA replication in the cell Proteins required for DNA
replication

Proteins required for DNA
replication

Seals nicks in
phosphodiester backbone

DNA ligase

Prevents premature
reannealing of ds DNA

Single-stranded binding
proteins (SSB)

Initiates synthesis of RNA
primers

Topoisomerases

Unwinding of dsDNAHelicases

Chain elongationDNA polymerases

FunctionProtein

                       …. I bet it will
work!!
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PCR got Mullis the Noble Prize
in Chemistry!

• Peoples Republic of China??

• Pulmonary Cardiovascular Resuscitation??

• Polymerase Chain Reaction!!!

The double helix is formed by hydrogen bonds

PCR reaction mix

• Template DNA

• TAQ polymerase

• A buffer to keep TAQ happy

• Nucleotides
– dGTC, dATP, dTTP, dCTP

• Primer (10 - 20bp in length of DNA)

TAQ polymerase

• Thermus aquaticus, a hot spring bacterium

• Proteins are relatively stable at 95°C

The Primers

• A primer is a 15 to 20 base pair DNA strand that is
complimentary to a site in the template DNA.

• Usually, 2 different primers are used that flank the site
of interest

  Primer 1

  ctagtagatc…
3’gatcatctag…tacctcatgactblahblahtctatgtctc 5’

5’ctagtagatcatggagtactgahalbhalb…agatacagag 3’
             …tctatgtctc

    Primer 2
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PCR products can be used for identification at
all taxonomic levels

• Individuals

• Species

• Families

• On up the hierarchy

Pop.Eco   Comm.Eco    Ecosystems

 

 

Nuclear ribosomal DNA

• RNA genes are relatively conserved regions
– Good for primer design

• ITS (internal transcribed spacer) region is highly
variable

– Good for species identification in fungi

18s rRNA gene 28s rRNA5.8s

ITS-1f

ITS-4
PCR product
= ITS region

 Internal Transcribed Spacer

• rDNA gene sequence is repeated up to 200 times

– under concerted evolution….A change in one repeat copy is
duplicated in all the others

• ITS regions are spliced out during ribosome processing

– Mutations are neutral (no selection)

18s rRNA gene 28s rRNA5.8s
ITS-1 ITS-2

PCR Product
~600-800 bp

Nuclear rDNA Primer Maps

Checking for Successful PCRs After PCR…

• Variation in the DNA sequence is analyzed
using
– RFLP analysis

• Restriction Fragment Length Polymorphism

– Direct sequence analysis
• Blast search in Genbank

• Phylogenetic placement
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RFLP

GAAAAGGCGCCCAGTGCATCATCAT
CTTTTCCGCGGGTCACGTAGTAGTAIII

TAAATGCGTAATGTC
ATTTACGCATTACAGI

CTTAAATAG
GAATTTATCII

DNA CUT WITH AluI

RESTRICTION FRAGMENTS

 ATTTACGCATTACAGCTTAAATAGCTTTTCCGCGGGTCACGTAGTAGTA
TAAATGCGTAATGTCGAATTTATCGAAAAGGCGCCCAGTGCATCATCAT

I            II            III

ITS  RFLP'S   -  FRUIT  BODIES

Alu 1

Hinf 1

  1   2   3    4    5    6   7   8   9  10  11  12  13  14  15 16 17

1. Rhizopogon sp.
2. Russula brevipes
3. Russula brevipes
4. Amanita 1
5. Amanita 1
6. Russula silvicola 1
7. Russula silvicola 1
8. Cortinarius 1
9. Cortinarius 1

10. Cortinarius 2
11. Cortinarius 2
12. Russula silvicola 2
13. Russula silvicola 2
14. Amanita 2
15. Amanita 2
16. Amanita 3
17. Russula cremoricolor

Species diagnostics from
ectomycorrhizal roots Sequencing

The “Ml5-Ml6”
Database

Boletus satanas

Austroboletus betula

Boletellus ananas

Leccinum holopus

Chalciporus piperatoides

Paxillus involutus

Paragyrodon sphaerosporus

Coniophora. puteana

Gyroporus cyanescens

Phaeogyroporus portentosus

Gyrodon merulioides

Suillus tomentosus

Suillus sinuspaulianus

Alpova olivaceotinctus

Albatrellus ellisii

Lactarius piperatus

Russula laurocerasi

Panus conchatus

Thelephora terrestris

Boletopsis subsquamosa

Thelephora sp

Bondarzewia montana

Pluteus cervinus

Asterophora lycoperdoides

Leucopaxillus amarus

Tricholoma pardinum

Entoloma sericeum

Naematoloma aurantiaca

Amanita phalloides

Amanita muscaria

Amanita francheti

Bolbitius vitellinus

Cortinarius violaceus

Piloderma croceum

Hygrocybe cantharellus

Hygrophorus speciosus

Hygrophorus sordidus

Hygrophorus pudorinus

Gomphus floccosus

Ramaria conjunctipes

Gomphus clavatus

Ramaria araiospora

Cantharellus tubaeformis

Cantharellus cinnabarinus

Cantharellus cibarius

5 changes

Boletales

“Suilloids”

Russulales

Thelephorales

Aminataceae

Hygrophoraceae

Cantharellacae

Cortinariaceae

Tricholomataceae

Gomphaceae

Bruns et al. 1998

ITS sequence of
an unknown
fungus from a
root tip
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8 of 100 top Blast Hits in
Genbank

18s rRNA gene 28s rRNA5.8s

6 of 100 top Blast Hits
Max
score

Total
score

Query
coverage

E value Max
identity

Sand dune
mushroom
RFLP survey

1

Horton 2002

T. luteomaculosum trh1187
T. magnivelare trh905
T. magnivelare trh906
T. magnivelare AF309541

T. matsutake AF309538
T. matsutake AF309537
T. matsutake AF204868

T. caligatum AF2048131
Tricholoma sp. 2 trh1237

T. portentosum AF241517
T. flavovirens AB036895

T. flavovirens6 trh545
T. flavovirens7 trh546
T. flavovirens7 trh1000

T. flavovirens6 trh894
T. flavovirens7 trh1023

T. flavovirens6 trh901
T. flavovirens AF349689

T. equestre AJ236081
T. flavovirens8 trh670
T. flavovirens8 trh652

T. atroviolaceum AF319432

5 changes

98

91

94

100

95

95

92

92

100

Lineage 1

Lineage 2

Lineage 3

Flow Chart

Horton and Bruns 2001

Identifying individuals

RAPD

Randomly Amplified
Polymorphic DNA

AFLP

Amplified Fragment
Length Polymorphism
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Not Quite a Humungous Fungus

Suillus pungens - Bonello et al. 1996

Rhizopogon

Chanterelles
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