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What makes an organism a model?

1. Genetic Maps

2. Physical Maps

3. Transcriptomic Maps

4. Gene Expression Analyses

classic models: fruit fly, mouse, zebrafish

(phenotypes, allozymes, microsats)

(random, shotgun Sanger sequencing)

(EST sequencing)

(microarrays, RNA-seq)



Organism Markers Organism Markers

Bighorn Sheep 147 Silver carp 483

Shrimp 418 Guppy 790

Coral 420 Barramundi 240

Indian mustard 1,029 Catfish 331

Oilseed rape 13,551 Sea bass 368

Black spruce 1,111 Cichlid 204

Barley 2,111 Platyfish 290

Flounder 1,375 Halibut 604

Turbot 242 Sea bream 204

Human 250,000 Mouse 10,000

What makes an organism a model?



Sequence everything?



Outline

•Genetic marker analysis with RAD

•What if you have a reference genome?

1. Parallel evolution in the threespine stickleback

•What if you don’t have a reference genome?

2. Building a genetic map of the spotted gar

3. Assembling the genome of the platyfish

4. Phylogeography of the pitcher plant mosquito



What is RAD-seq?
(Restriction-site Associated DNA)
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TCCATACACGCGCGTCTGCTTCAGTGAACAGAA

SbfI

What is RAD-seq?
(Restriction-site Associated DNA)
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What is RAD-seq?
(Restriction-site Associated DNA)

Chr  I

Chr  III

Chr  II

22,830 SbfI sites in Stickleback

~ 45,000 RAD-Tags

HiSeq Illumina Lane:
100 million reads, 96 barcoded individuals



What if you have a reference genome?



Derived Freshwater Populations
Lake and stream

Young (<15,000 years)

Ancestral Oceanic Populations
Marine and Anadromous
Old (> 10 million years)

Freshwater form

Ocean form

Threespine Stickleback, Gasterosteus aculeatus

Susan
Bassham

Paul
Hohenlohe
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RAD-seq of 20 Individuals 
from 2 marine and 

3 freshwater populations

Aligned reads against the 
reference genome

Looked for signatures of 
selection seen in:

    nucleotide diversity (π)
    genetic divergence (Fst)



Signatures of natural selection across the genome

Ocean vs. Ocean Genomic location (mBases)

Fst



Signatures of natural selection across the genome

Ocean vs. Ocean Genomic location (mBases)

Fst

Freshwater Populations (grouped) vs. Ocean

Genomic location (mBases)

Fst



Consistent pattern of parallel selection across 

independently evolved freshwater populations
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Consistent pattern of parallel selection across 

independently evolved freshwater populations

Bear Paw

Boot

Mud

(mean F
ST

 = 0.121)

(mean F
ST

 = 0.112)

(mean F
ST

 = 0.117)

Fst

Genomic location (mBases)

Dense marker coverage

1% of the cost of full re-sequencing

Maximize population size studied



What if you don’t have a reference genome?



G3: Genes, Genomes, Genetics
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CATALOG
PROGENY1

PROGENY2

PROGENY3

PROGENY4

PROGENY5

PROGENYX

TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCCGACCAAACGTTTG

Locus 1

Haplotypes: C A

TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCCGACCAAACGTTTG

Locus 2

Haplotypes: AC CT

TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCCGACCAAACGTTTG

Locus 3

Haplotypes: Consensus

TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCCGACCAAACGTTTG

Locus X

Haplotypes: AA GG

...

PARENT1

PARENT2
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B1 C1

Male  Parent Female  Parent

XA1

Progeny

B1 C2A2

B1 C1A1

B2 C3A1

B1 C1A1

B1 C2A1

B1 C2A2

B1 C3A1

CA B C

Female  map

B CA

Combined  map

Infer

Male  map

A

F1 Pseudo-Test Cross
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Organism Markers
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Cichlid 204

Platyfish 290

Halibut 604

Sea bream 204
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Ultra-dense genetic map

Weeks not years

Facilitates comparative genomics
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269 total fish
828,373,617 raw reads

613,162,521 incorporated reads

22,144 markers in at least 90 progeny

Version 1.0

Version 2.0

290 markers
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Given 80,000 contigs: 86% of genome ordered
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Improper assembly orientation



The pitcher plant mosquito, Wyeomyia smithii
a model for evolution due to climate change

Bradshaw and Holzapfel lab, University of Oregon
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Resolving post-glacial phylogeography in Wyeomyia smithii



Sampling RAD-Tag markers for population-level 
phylogenetic analysis

Locus 1

T G C A G G A C A C A C A G G A G C T G A G C C A T T C C T G C G G C T C C A G A C C A A A C G T T T G

T G C A G G A C A C A C A G G A G C T G A G C C A T T C C T G C G G C T C C A G A C C A A A C G T T T G

T G C G G G A C A C A C A G G A G C T G A G C C A T T C C T G C G G C T C C A G A C C A A A C G T T T G

T G C A G G A C A C A C A G G A G C T G A G C C A T T C C T G C G G C T C C A G A C C A A A C G T C T G

T G C A G G A C A C A C A G G A G C A G A G C C A T T C C T G C G G C T C C A G A C C A A A C G T T T G

T G C A G G A C A C A C A G G A G C T G A G C C A T T C T T G C G G C T C C A G A C C A A A C G T T T G

T G C A G G A C A G A C A G G A G C T G A G C C A T T C C T G C G G C T C C A G A C C A G A C G T T T G

T G C A G G A C A C A C A G G A G C T G A G C C A T T C C T G C G G C T C C A G A C C A A A C G T T T G

T G C A G G A C A C A C A G G A G C T G A G C C A T T C C T G C G G C T C C C G A C C A A A C G T T T G

T G C A G G A C A C A C A G G A G C T G A G C C A T T C C T G C G G C T C C C G A C C A A A C G T T T G

T G C A G G A C A C A C A G G A G C T G A G C C A T T C C T G C G G C T C C C G A C C A A A C G T T T G

T G C A G G A C A C A C A G G A G C T G A G C C A T T C C T G C G G C T C C C G A C C A A A C G T T T G

T G C A G G A C A C A C A G G A G C T G A G C C A T T C C T G C G G C T C C C G A C C A A A C G T T T G

T G C A G G A C A C A C A G G A G C T G A G C C A T T C C T G C G G C T C C C G A C C A A A C G T T T G

T G C A G G A C A C A C A G G A G C T G A G C C A T T C C T G C G G C T C C  Consensus:

N

G A C C A A A C G T T T GN



.  .  .

P1

P2

P3

P4

P21

P2

P3

P4

P1

P21

.  .  .

TGCAGGANACACAGGAGCTGAGCCATTCCTGCGGCTCCNGACCAAACGTTTG

TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCCGACCAAACGTNTG

TGCAGGACACACAGGAGCTGNGCCATTCCTGCGGCTCCCGACCAAACGTTTG

TGCAGGACACNCAGTAGCTGAGCCATTCCTGCGGCTCCCGACCAAACGTTTG

TGCAGGACACACAGTAGCTGAGCCATTCCTGCGGCTCCCGACCAANCGTTTG

.  .  .

Sampling RAD-Tag markers for population-level 
phylogenetic analysis
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1,814 contigs, 651Mb / 746Mb
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paired-end 
sequence



stack

Collate/Assemble PE readsMatch to marker catalog

TGCAGGGGTATTAGCATAA
AACTAATTTTTCACTAGCCATCTTGAATGTGAGTAGCATTTTAAGTAACTATAATTG

Acquire 
paired-end 
sequence



stack

Collate/Assemble PE readsMatch to marker catalog

TGCAGGGGTATTAGCATAA
AACTAATTTTTCACTAGCCATCTTGAATGTGAGTAGCATTTTAAGTAACTATAATTG

Acquire 
paired-end 
sequence

EST Library

CGGCGGAGCCAATACTACATGAAATATGGGAACCCCAACTACGGGGGGATGAAGGGAATCCTCAGCAACTCCTGGAAGCGGCGCTACCATTCCCGGCGGATCCAG

CTGAAGGAGCTGTTACCGGACACCAGCCGGCGCTACGAGAACAAAGCTGGGACCTTCATCACGGGAATCGATGTCACCTCAAAGGAGGCCGTGGAGAAGAAGGAGCAGCGGGCCCGGCGGTTCTCGTGTGG

TTCCACTTCCGCGCCGAGGTCAACCTGGCCCAGAGGAACGTGGTGCTGGACCGGGACAGGATGAGGAAGGCTGTGCCTAAAGCGCGCTTGGAGGCTCTGCACGTGACTGGAGTTGATGAGGGTGTCGTGTA

ATGAGCACTCAGGACGTGTTTGGCTACTTCAAGGAGTATCCCCCCGCCCACATCGAGTGGATAGACGACACCTCCTGTAATGTGGTGTGGCTTGATGACGTCACCTCAACCCGAGCCCTCCGGGACGTCCT

ATCAACATGAGCCGCATGCCGGACCCCGCCGCCACCAAGGCCGACCCGGAGGAGAGCGCCCCCACACGGAGCGGGAGGGACCGGCGAGGAAGGGACTCGGACGAGGAGGCGGAGGAAGGCTGG

GAGGTTGAGGATGATGAGGATGAGAAGAGCAGCACTGGCAGTGCGGGGAAGCCCAGCGACAGTGAGGAAGAGTCGGAGAAGAAGCCCGCTCCTGAAATCACAGAGACTGACGAGCTGTCCAACACCGCCAC

CAGGCCGAGAGAGAGTCGCTCCTCCGAAATGACCTGCGGCCCGCCACCAAACCCTTCAAGGGGAACAAGCTGTTCCTGAGGTTTGCCACTCAGGATGATAAGAAAGAACTGGGCGCCGCCCCCGCCGTACA

ACCAAGAAGAGCCTCATCGGAGACAGCGTGGGGCTGAC

BLASTn BLASTnAssociate
markers / PE
contigs with 
ESTs



stack

Collate/Assemble PE readsMatch to marker catalog

TGCAGGGGTATTAGCATAA
AACTAATTTTTCACTAGCCATCTTGAATGTGAGTAGCATTTTAAGTAACTATAATTG

Acquire 
paired-end 
sequence

EST Library

CGGCGGAGCCAATACTACATGAAATATGGGAACCCCAACTACGGGGGGATGAAGGGAATCCTCAGCAACTCCTGGAAGCGGCGCTACCATTCCCGGCGGATCCAG

CTGAAGGAGCTGTTACCGGACACCAGCCGGCGCTACGAGAACAAAGCTGGGACCTTCATCACGGGAATCGATGTCACCTCAAAGGAGGCCGTGGAGAAGAAGGAGCAGCGGGCCCGGCGGTTCTCGTGTGG

TTCCACTTCCGCGCCGAGGTCAACCTGGCCCAGAGGAACGTGGTGCTGGACCGGGACAGGATGAGGAAGGCTGTGCCTAAAGCGCGCTTGGAGGCTCTGCACGTGACTGGAGTTGATGAGGGTGTCGTGTA

ATGAGCACTCAGGACGTGTTTGGCTACTTCAAGGAGTATCCCCCCGCCCACATCGAGTGGATAGACGACACCTCCTGTAATGTGGTGTGGCTTGATGACGTCACCTCAACCCGAGCCCTCCGGGACGTCCT

ATCAACATGAGCCGCATGCCGGACCCCGCCGCCACCAAGGCCGACCCGGAGGAGAGCGCCCCCACACGGAGCGGGAGGGACCGGCGAGGAAGGGACTCGGACGAGGAGGCGGAGGAAGGCTGG

GAGGTTGAGGATGATGAGGATGAGAAGAGCAGCACTGGCAGTGCGGGGAAGCCCAGCGACAGTGAGGAAGAGTCGGAGAAGAAGCCCGCTCCTGAAATCACAGAGACTGACGAGCTGTCCAACACCGCCAC

CAGGCCGAGAGAGAGTCGCTCCTCCGAAATGACCTGCGGCCCGCCACCAAACCCTTCAAGGGGAACAAGCTGTTCCTGAGGTTTGCCACTCAGGATGATAAGAAAGAACTGGGCGCCGCCCCCGCCGTACA

ACCAAGAAGAGCCTCATCGGAGACAGCGTGGGGCTGAC

BLASTn BLASTnAssociate
markers / PE
contigs with 
ESTs

Human

Genome

Zebrafish

Genome

BLASTx

BLASTx
BLASTx

Assign
orthology to: 
  markers
  PE contigs
  ESTs


