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What makes an organism a model?

classic models: frurt fly, mouse, zebrafish

|. Genetic MapS (phenotypes, allozymes, microsats)
o PhYSical MapS (random, shotgun Sanger sequencing)
3. Transcriptomic Maps (EST sequencing)

4. Gene Expression Analyses  (microarrays RNA-seq)




What makes an organism a model?

Organism Markers Organism Markers

Bighorn Sheep |47 Silver carp

Shrimp 418 Guppy 790
Coral 420 Barramundi 240
Indian mustard 1,029 Catfish 331
Oilseed rape 13,551 Sea bass 368
Black spruce RN Cichlid 204
Barley 2,11 Platyfish 290
Flounder 1,375 Halibut 604

Sea bream

Turbot



Sequence everything?



Outline

e Genetic marker analysis with RAD
* \What if you have a reference genome!

|. 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 prtcher plant mosquito



What 1s RAD-seq/?

(Restriction-site Associated DNA)
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What 1s RAD-seq/?

(Restriction-site Associated DNA)
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What 1s RAD-seq/?

(Restriction-site Associated DNA)
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What 1s RAD-seq/?

(Restriction-site Associated DNA)

22,830 5bfl sites In Stickleback

~ 45,000 RAD-Tags
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What it you have a reference genome!



Threespine Stickleback, Gasterosteus aculeatus

® Ancestral Oceanic Populations ® Derived Freshwater Populations
Marine and Anadromous Lake and stream
Old (> 10 million years) Young (<15,000 years)
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Hard Sweep
RAD-seq of 20 Individuals 5
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Signatures of natural selection across the genome
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Signatures of natural selection across the genome
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Consistent pattern of parallel selection across
iIndependently evolved freshwater populations
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Consistent pattern of parallel selection across

iIndependently evolved freshwater populations
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What if you don’t have a reference genome!?



Stacks
Stacks \ + L T

http://creskolab.uoregon.edu/stacks/ v | (2§~ Google Q) BB+ ™ | reedback v

Stacks &

Stacks is a software pipeline for building loci out of a set of
short-read sequenced samples. Stacks was developed for the purpose
of building genetic maps from RAD-Tag lllumina sequence data, but can
also be readily applied to population studies, and phylogeography.

Download Stacks
@ Version 0.982

Recent Changes [updated Mar 29, 2011]

G3: Genes, Genomes, Genetics
Stacks: Building and Genotyping Loci De Novo
From Short-Read Sequences

Julian M. Catchen,* Angel Amores,' Paul Hohenlohe,* William Cresko,* and John H. Postlethwait"’
*Center for Ecology and Evolutionary Biology and 'Institute of Neuroscience, University of Oregon, Eugene,
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Stacks

Stacks Analysis Pipeline: RAD-Tag Catalog Viewer

* @ b ) i http://creskolab.uoregon.edu/stacks/catalog.php
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Genetics
Genome Evolution and Meiotic Maps by Massively
Parallel DNA Sequencing: Spotted Gar, an Outgroup
for the Teleost Genome Duplication

Ve

Spotted green pufferfish " '* "%
Angel Amores,* Julian Catchen,' Allyse Ferrara,” Quenton Fontenot,’ and John H. Postlethwait*"' Tetraodon nigroviridis
*Institute of Neurosaence and 'Center for Ecol cqy and Evolutionary Biclegy, University of Oregon, Eugene, Oregon 97403, and T s

*Nicholls State Unwersity, Department of Biological Scences, Thibodaux, Louisiana 70310 i Japanese prferf'Sh f =
Takifugu rubripes  —
Three-spined stickleback @
Gasterosteus aculeatus —_—

-

Meda.ka ' L 3
Oryzias latipes

| Platyfish *
Xiphophorus maculatus T

Zebrafish ‘@ =
Danio rerio

Goldeye C;‘
Hiodon alosoides >

Bowfin
Amia calva

Spotted gar
Lepisosteus oculatus

amphibians

birds

lizard

'\ mammals

shark

Angel JOhn lamprey
Amor‘es Postlethwalt 700 600 500 400 300 200 100 0 MYA

teleosts

L——— euteleosts
ray-fin fish




Genetics
Genome Evolution and Meiotic Maps by Massively
Parallel DNA Sequencing: Spotted Gar, an Outgroup
for the Teleost Genome Duplication
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Danio rerio

1""

-
'L

© 0 N o O, HDWON -
| s | s | s— | — — — — — —
A * . l*
e
*

—
o
==
-,
e
¥

11]]  |eo Il

fud
*

*

i

‘i"‘l" e
L ' B
- - e :'
by :
)
F4 - . -
-
C ™ 73
: AL 4
e E: -
%, - ? A
- $ ':"
‘a
: : ¢

25'——‘————
2 4 5 6 7

¥ &
———------------i------

8 9 1011 13 15 17 19 21 2352582
Lepisosteus oculatus



Dre12

[l '] '] LI [
Homo sapiens Lepisosteus oculatus Danio rerio

24 .| |o T P R I N

2R 4 5 6 7 8 91011 13 15 147 19 24 2385 25 vt
Lepisosteus oculatus



Dre12

]

Ultra-dense genetic map
Weeks not years &
Facilitates comparative genomics
/S ||
i |

[l '] '] LI [
Homo sapiens Lepisosteus oculatus Danio rerio

241 [+ S e ks

2R 4 5 6 7 8 91011 13 15 147 19 24 2385 25 vt
Lepisosteus oculatus



5 . Spotted green pufferfish M,
Tetraodon nigroviridis
|__ Japanese pufferfish (I —
Takifugu rubripes \
Three-spined stickleback b
Gasterosteus aculeatus '
Medaka r———-~
Xiphophorous maculatus [hpleigm Sl

| Platyfish *
Xiphophorus maculatus <

Zebrafish @
Danio rerio

Goldeye Q
Hiodon alosoides

Bowfin
Amia calva

L————— euteleosts
teleosts

ray-fin fish

Spotted gar -
Lepisosteus oculatus o

amphibians

birds

lizard

\ mammals

shark

J O h ﬂ lamprey
Am O r‘eS PO S-tl e-thwal_t 700 600 500 400 300 200 100 0 MYA

Ingo Braasch



Version |.0
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A Microsatellite Genetic Linkage Map for Xiphophorus
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867 of genome ordered

Given 80,000 contigs
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Ihe prtcher plant mosquito, Wyeomyia smithii
a model for evolution due to climate change

Bradshaw and Holzapfel lab, University of Oregon



Resolving post-glacial phylogeography in Wyeomyia smithii
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Sampling RAD-Tag markers for population-level
phylogenetic analysis

+TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTC ClS

.S TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTC e

, TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCT C Cle

Re TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTC Cle

Locus 1 . TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTC Cfe
‘ TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTC Cle
TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCEN
TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCEN
TGCGGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCEN
TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCEN
TGCAGGACACACAGGAGCAGAGCCATTCCTGCGGCTCCENCACCAAACGTTTG

e TGCAGGACACACAGGAGCTGAGCCATTCTTGCGGCTCCPNCACCAAACGTTTG
. TGCAGGACAGACAGGAGCTGAGCCATTCCTGCGGCTCCEMGACCAGACGTTTG
. TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCENCACCAAACGTTTG

4
2.

CoNsensUS: rcCcAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCNGACCAAACGTTTG

ACCAAACGTTTG
ACCAAACGTTTG
ACCAAACGTTTG
ACCAAACGTTTG
ACCAAACGTTTG
ACCAAACGTTTG
ACCAAACGTTTG
ACCAAACGTTTG
ACCAAACGTTTG
ACCAAACGTCTG




Sampling RAD-Tag markers for population-level

phylogenetic analysis
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Resolving postglacial phylogeography using PNAS
high-throughput sequencing

Kevin J. Emerson’, Clayton R. Merz, Julian M. Catchen, Paul A. Hohenlohe, William A. Cresko, William E. Bradshaw,
and Christina M. Holzapfel

Center for Ecology and Evolutionary Biology, University of Oregon, Eugene, OR 97403-5289
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Reference genome contigs, ordered by size
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Reference genome contigs, ordered by size
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Match to marker catalog Collate/Assemble PE reads

AACTAATTTTTCACTAGCCATCTTGAATGTGAGTAGCATTTTAAGTAACTATAATTG
LCSECCCCTETIRCCLTEE —
I
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Match to marker catalog Collate/Assemble PE reads

AACTAATTTTTCACTAGCCATCTTGAATGTGAGTAGCATTTTAAGTAACTATAATTG
L |

TGCAGGGGTATTAGCATAA
I

BLASTn BLASTN

EST Library

CTGAAGGAGCTGTTACCGGACACCAGCCGGCGCTACGAGAAC, \GCTGGGACCTTCATCACGGGAATCGATGTCACCTC: A 'CGTH GCGGGCCCGGCGGTTCTCGTGTGG I
1 TTCCACTTCCGCGCCGAGGTCAACCTGGCCC TGGTGCTGGACCGGGAC! I TGTGCCT CGCGCTTGGAGGCTCTGCACGTGACT TTGATGAGGGTGTCGTGT 1
1
1 ATGAGCACTCAGGACGTGTTTGGCTACTTCAAGGAGTATCCCCCCGCCCACATCGAGTGGAT GACACCTCCTGTAATGTGETGTGGCTTGATGACGTCACCTCAACCCGAGCCCTCCGGGACGTCCT
| 1
1 CGGCGGAGCCAATACTACATGARATATGGGAACCCCAACTAC T TCCTCAGCAACTCCTGGAAGCGGCGCTACCATTCCCGGCGGATCCAG I
1 |
| |
I ATCAACATGAGCCGCATGCCGGACCCCGCCGCCACCAAGGCCGACCCGGA GCCCCCACACGGAGC CGGCE TCGGAC GG TGG 1
| |
1 |
1 GAGGTTGAGGATGATGAGGATGAGAAGAGCAGCACTGGCAGTGC CCAGCGACAGTGAGGAAGAGTCGGAGAAGAAGCCCGCTCCTGAAATCACAGAGACTGACGAGCTGTCCAACACCGCCAC 1
1 . ________________________________________________________________________________________________________________________| 1
1 CAGGCCGAGAGAGAGTCGCTCCTCCGARATGACCTGCGGCCCGCCACCARACCCTTCAAGGGGAACAAGCTGTTCCTGAGGTTTGCCACT CAGGATGATAAGARAGAACTGGGCGCCGCCCCCGCCGTACA 1
.|
1 ACCAAGAAGAGCCTCATCGGAGACAGCGTGGGGCTGAC I
.
1 1
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paired-en e
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Match to marker catalog Collate/Assemble PE reads

AACTAATTTTTCACTAGCCATCTTGAATGTGAGTAGCATTTTAAGTAACTATAATTG
L |

TGCAGGGGTATTAGCATAA
I

Assoclate BLASTn BLASTN
filElcrs | PE EST Library

e
CAGGCCGAGAGAGAGTCGCTCCTCCGAAATGACCTGCGGCCCGCCACCAAACCCTTCAAGGGGAACAAGCTGTTCCTGAGGTTTGCCACTCAGGATGATAAGAAAGAACTGGGCGCCGCCCCCGCCGTACA
e
ACCAAGAAGAGCCTCATCGGAGACAGCGTGGGGCTGAC

. - 1 CTGAAGGAGCTGTTACCGGACACCAGCCGGCGCTACGAGAACAAAGCTGGGACCTTCATCACGGGAATCGATGTCACCTC] AGGCCGT GCGGGCCCGGCGGTTCTCGTGTEE

O n I Wl h | TTCCACTTCCGCGCCGAGGTCAACCTGGCCC. TGGTGCTGGACC @ T TGTGCCT CGCGCTTGGAGGCTCTGCACGTGACTGGAGTTGATGAGGGTGTCGTGTA I

(: : [ : f ; l l 1
1 ATGAGCACTCAGGACGTGTTTGGCTACTTCAAGGAGTATCCCCCCGCCCACATCGAGTGGATAGACGACACCTCCTGTAATGTGGTGTGGCTTGATGACGTCACCTCAACCCGAGCCCTCCGGGACGTCCT

| 1

1 CGGCGGAGCCAATACTACATGAAATATGGGAACCCCAACTAC T TCCTCAGCAACTCCTGGAAGCGGCGCTACCATTCCCGGCGGATCCAG 1

[EEE SEE; | EE; . :

| |

I ATCAACATGAGCCGCATGCCGGACCCCGCCGCCACCAAGGCCGACCC GCCCCCACACGGAGC CGGCG: TCGGAC GG GG 1

| 1

1 |

1 GAGGTTGAGGATGATGAGGATGAGAAGAGCAGCACTGGCAGTGC! CCAGCGACAGTGAGGAAGAGTCGGAGAAGAAGCCCGCTCCTGARATCACAGAGACTGACGAGCTGTCCAACACCGCCAC 1

| 1

| |

| |

1 1

Assign
orthology 5O BLASTX
BLASTX
markers sl
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ESTs
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