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A common genetic toolkit
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What makes an organism a model?

classic models: frurt fly, mouse, zebrafish

|. Genetic MapS (phenotypes, allozymes, microsats)
Y 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 483
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
Turbot Sea bream
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Fine scale estimates of population structure
Estimates of genome-region specific gene flow

Phylogeography of
pocket gophers
using mMtDNA

Avise, 1979



Precisely quantify the amount of inbreeding in wild ana
captive populations
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[dentify signatures of selection in natural populations
Associate genotype to phenotype using GWAS and QTL




Il Important taxonomic nodes with genetic maps
Quantity genome evolution and structural variation
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Sequence everything?



Why not sequence the entire genome!

Sample space has scaled with sequencing capacity
e Human height GWAS; over 15,000 individuals assayed
¢ |dentified many new regions contributing to the variation
e Still only identified a fraction of the heritability
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Why not sequence the entire genome!

Sample space has scaled with sequencing capacity
e Human height GWAS; over 15,000 individuals assayed
¢ |dentified many new regions contributing to the variation
e Still only identified a fraction of the heritability

For many studies, full sequence isn’t necessary
e the genomes of many organisms are organized in linkage blocks
e well spaced markers will provide all the necessary coverage
e the cost of genotyping will almost always be a fraction

Genetic maps are relevant again
¢ a high density genetic map can facilitate genome assembly
® genomes may be segregating a lot of structural variation
e assaying this variation can presently be done best with genetic maps
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Alternative approach -
Reduced representation sequencing for genotyping

® Focus the sequencing on a homologous set of tags spread throughout
the genome

e Simultaneous identification and typing of single nucleotide
polymorphisms (SNPs)

® The cost will always be a fraction of the cost of resequencing the genome
* i.e. 1% genome coverage will be less than 1% the cost
e often the coverage is more even than whole genome sequencing

e Can allow thousands of genomes to be assayed in just a few weeks

e \WWHY NOT - some cases complete genomic sequence is necessary
e when linkage disequilibrium blocks (LD) are very short
e |f the genetic architecture of a trait involves many rare variants
* Inferring patterns of LD may be easiest with full sequences



Outline

|. RAD-seq and other RRL methods
* Experimental design considerations
2. Anatomy of a PStl RAD-seq Analysis

3. Signatures of natural selection across the genome with the
threespine stickleback

* SNP detection and kernel Smoothing
4. Building a genetic map of the spotted gar
e Stacks: the gory detalls
5. Assembling the genome of the platyfish
6. Phylogeography of the pitcher plant mosquito
/. RAD Synthesis with the gulf pipefish

8. Gene expression quantification with eRAD
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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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Experimental design considerations for RAD

Tradeoffss
Number of sites versus Depth of sequencing per site versus Number of samples
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Experimental design considerations for RAD

Tradeoffss
Number of sites versus Depth of sequencing per site versus Number of samples

raw reads / samples / sites = coverage at each locus

0100 000/ 100 / 1,000 = 10 coverces

Don't forget about sequencing error and sample bias
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Experimental design considerations for RAD

Tradeoffss
Number of sites versus Depth of sequencing per site versus Number of samples

ow many tags do | need!

Things to consider

Choice of enzyme and genome size  (0.25)" x genome size = expected # sites

Genomes are biased:

expect | 12,300 six-cutter sites in stickleback (460 Mb) actual EcoRlI sites = 90,000
expect /000 eight-cutter sites in stickleback actual Sbfl sites = 22, 800
expect 32,900 six-cutter sites in C. remanel (135 Mb) actual EcoRlI sites = 73,200

Coding regions are GC rich - restriction recognition sequence can bias where tags fall.

e.g. In stickleback coding regions are 10% of the genome, but:
50% of Sbfl sites (CCTGCAGG) fall in exons
| 4% of EcoRl sites (GAATTC) fall in exons
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Experimental design considerations for RAD

Tradeoffss
Number of sites versus Depth of sequencing per site versus Number of samples

ow many tags do | need!

Things to consider

Polymorphism and read length
Nucleotide polymorphism rate = 0.01 to 0.001 for most vertebrates
Stickleback populations: 0.0 to 0.02. At least | SNP every 100 bp, on average

60 nt single end: sample 22,300 Sbfl sites, 2 tags per site, 49 nt = 2.23 Mb = 22,300 SNPs
If N = 100, about 48% of tags have a SNP

80 nt single end: 45,600 tags, 69 nt = 3.15 Mb; 60% of tags have a SNP
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Experimental design considerations for RAD

Tradeoffss
Number of sites versus Depth of sequencing per site versus Number of samples

How many samples should be multiplexed?

Things to consider

Barcoded adapters
> nt barcodes
Variable length barcodes
Combinatorial barcodes (PE)

Barcode distance - read recovery




Experimental design considerations for RAD

Tradeoffss
Number of sites versus Depth of sequencing per site versus Number of samples

How many samples should be multiplexed?

Things to consider T pa——

Barcoded adapters I et :
Depth e e o =

Mean depth of 20 to 40 to call genotypes -"'"'!- — i —




Molecular considerations in library building

How many samples should be multiplexed?

Things to consider

DNA Quality
Multiplex only like samples to
help equalize representation of poor
quality samples




Molecular considerations in library building

How many samples should be multiplexed?

Things to consider

CGATA GTACA TAGCC ACTGC

DNA Quality

Diversify barcodes
llumina Genome Analyzer is
confused by repetition in first
4 bases




Molecular considerations in library building

How can | get the best depth of coverage!
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Molecular considerations in library building

How can | get the best depth of coverage!

Things to consider

| gPCR control should be similar to measured sample:
Fragment size

Library quality
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Molecular considerations in library building

How can | get the best depth of coverage!

Things to consider

Fragment size
Library quality

aIFELR

Pilot Experiment:
Spike or split a lane

-




What If you have a reference genome!




Anatomy of a PStl RAD-seqg Analysis
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Anatomy of a Pstl RAD-seq Analysis
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Anatomy of a Pstl RA
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Anatomy of a Pstl RA
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D-seq Analysis
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Signatures of natural
selection across the 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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Signatures of natural selection across the genome

o 4

Resurrection Bay

e

Middleton

- 20 individuals in each of 5 populations
- 2 Ocean & 3 Freshwater
- 45,000 SNPs in each individual
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Differentiating SNPs from error

Restriction enzyme recognition sitej

Reference/, TTCAGGTTGGGTGAGTTGTCATCAGTCGGAATGCGCAGGTCACTTACCTGCAGGCAGCTCTCTGARGCGCAGGTACTCCATCGACCGGGTGGTGACTAL
enome NNNNNNNNNNNNNNNNNNNNATCAGT CGGARTGCGCAGGTCACTTACCTGCAGGCAGCTCTCTGAAGCGCAGGTACTCCANNNNNNNNNNNNNNNNNN

g ///—— ATCAGTCGGAATGCGCAGGTCACTTACCTGEA
ATCAGTCGGAATGCGCAGGTCACTTACCEGLA
seguence ATCAGTC:2AATGCT CAGGTCaCTT =cctGeR
ATCAGTCGGAATGCGCAGGTCACTTAcctGeA
ATCAtTCGGAATGCGCAGGTCACTTAcctzeA
ATCAGTCGGAATGCGCAGGTCACTTACCTGEA
ATCAGTCGGAATGCGCAGGTCACTTACCEGEA
ATCAG:CGGAAT 2CGCAGGTCACTTACCEGEA
ATCAGTCGGAATGCGCAGGTCACTTAcctgeA
cagtteggARtgcGCAgeTcalTToeetgeA
AtCAGTCGGAATGCGCAGGTCACTTAcctech
ATCAGTCGGAATGCGCAGGTCACTTAcctech
ATCAGTCGGAATGCGCAGGTCACTTAcctgeA
ATCAGTCgGAATGCGCAGGTCACTTAcctecA
seguence ATCAGTCGGAATGCGCAGGTCACTTAcctech
ATCAGTCGGAATGCGCAGGTCACTTaletgch
reads ATCAGTCGGAATGCGCAGGTCACTTacctecA
ATCAGTCGGAATGCGCAGGTCACTTACCEGeA

TecageCAGCTCTCTGARZCGCAGGEACECCA

TgcageCAGCTCTCTGAAGCGCAGGEACTCCA

TeCageCAGCTCTCTGAAGCGCAGG=ACECCA

TGCAGGCAGCTCTCTGARGCGCAGGEACTCCA

Tgcage CAGCTCTCTGAAGCGCAGGEACTCCA

tegcagecAGCLCTCTGARGag nakgtalTCea

TeCageCAGCTCTCTGARGCGCAGGEACTCCA

TecageCAGCTCTCTGAAgCGCa-GtaCteCa

TgcagecAG:TTCTGARGezCAgGTActcca

TGCageCAGCTCTCTGARGCGCAGGEACTCCa

\\\\_ TeCase CAGCTCTCTGARGCGCAZGEACT ccA

TGCaGg CAGCTCTCTGARGCGCAGGTACTCCA
tecageCAGCTcTaTGARzcGCAGGEActcca
tecageCagCtCTCTgaRGeeraghzACtccA
socaseCAGCLCTCtGaaGeGeRggtacteca

2= CAGCTCTCTGAAGCGCAGGEACTCea
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Differentiating SNPs from error

LT CAGGTTGGGRTGAGT TGTCATCAGTCGGRATGCGCAGGTCACTTACCTGCAGGCAGCTCTCTGAAGCGCAGGTACTCCATCGACCGGGTGGTGALCTAG
NNNNNNNNNNNNNNNNNNNNNATCAGTCGGARATGCGCAGGTCACTTACCTGCAGGCAGCTCTCTGRAGCGCAGGTACTCCANNNNNNNNNNNNNNNNNNN
ATCAGTCGGRATGCGCAGGTCACTTACCTGCA
ATCAGTCGGARATGCGCAGGTCACTTACCEGCA
ATCAGTCtzAATGCTCAGGTCACTT scctGeA
ATCAGTCGGAATGCGCAGGTCACTTAcctGeA
ATCRST CGGRAATGCGCAGGTCACTTAcctzcA
ATCAGTCGGAATGCGCAGGTCACTTACCTGCA
ATCAGTCGGARTGCGCAGGTCACTTAcCEGEA
ATCAG-CGGARATzCHEQAGGTCACTTACCEGCA
ATCAGTCGGAATGCGCAGGTLACTTAcctzeA
LtezgRAAtgcGCAgzgTocati] coctgchA
AtCAGTCGGARAATGCGCAGGTCACTTHES
ATCAGTCGGARATGCGCAGGTCACTTACE
ATCAGTCGGAATGCGCAGGTCACTTACC
ATCAGTCzGAATGCGCAGGTCACTTAcctze
QTCQGTCGGQQTGCGCQGGTCQCTTQuct:;
ATCAGTCGGAATGCGCAGGTCACTTaCet e
ATCAGTCGGRATGCGCAGGTCACTTaccte
QTCQGTCGGQQTGCGCQGGTCQCTTQCcrG|Q
‘CAGcTCTCTGARAzCGCAGEEACECCA
AGCTCTCTGARAGCGCAGEEACTCCA
AGCTCTCTGRAGCGCAGE=ACECCA
CAGCTCTCTGRAGCGCAGHEACTCCA
222CAGCTCTCTGARAGCGCAGAEACTC A
zcAGCLCTCTGAARGazaaGet&CTCea
AGCTCTCTGRAGCGCAGEEACTCA
AGCTCTCTGARAgCGCacataCtel
AG-T=TCTGAARGczCAzaTACECcca
AGCTCTCTGARAGCGCAGREACTCCa
oCAGCTCTCTGARAGCGCAzZtAcTccA
aGgCAGCTCTCTGARAGCGCAGATHCTCCA
2=CAGCTcT TGQQ_LGCQGJ fictcca
oCagCtCTCTga ay o :Q
CQGCfCTC?G1dGCG Az
TaC-;_CQGCTCTCTGQQGCGCﬂGafHITCCﬂ
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Differentiating SNPs from error

The reads are 141 and 2 G

GI heterozygote!?
GG homozygote with error?
AA homozygote with lots of error?

Needed a rigorous method to call genotypes
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Differentiating SNPs from error

L(n,hom) = P(n,,n,,n,,n,) = n! (1_§)”l (E)”z (E)ng (E)M

n!n,ln;ln,!

| n n, ns n,
L(mnshet) = P(, ) = —— (o.s-i) (o.s_i) (E) (E)

n!n,ln!n,! 4 4) \4

Maximum likelihood genotyping based on
multinomial distribution of nucleotide reads



Making statistics continuous across the genome

Kernel-smoothing average of summary statistics along genome
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Bootstrap re-sampling to estimate significance of moving average

— Re-sample from across genome within the same population
— Significance is relative to genome-wide average, not based on a null model



Signatures of natural selection across the genome

Hard Sweep Soft Sweep
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requires a very dense set of markers or complete sequences
assays need to be performed in dozens or hundreds of individuals
hard to develop for non-model organisms



Signatures of natural selection across the genome
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Signatures of natural selection across the genome
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Fvidence for balancing selection on Linkage Group |l
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Previously identify quantitative trait loci (QTLs)
are under selection

L

Natural populations  [~0/g Enigma FOXI3D FGFR

/

Lateral plate major locus
on LGIV (4000 SNPs)




What If you don’t have a reference genome!




Why are genetic maps important!?

* Forward/Reverse Genetic Mapping
* QTL Mapping
* Physical Genome Assembly

What is required to build a map!?

|. Generate progeny

2.Recombination

3.Detect polymorphism



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

Angel Amores,* Julian Catchen,' Allyse Ferrara,’ Quenton Fontenot,” and John H. Postlethwait*’
*Institute of Neurosaence and 'Center for Ecoleay and Evolutionary Biclegy, University of Oregon, Eugene, Oregon 97403, and
*Nicholls State University, Department of Biological Sciences, Thibodaux, Louisiana 70310
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Genome Evolution and Meiotic Maps by Massively
Parallel DNA Sequencing: Spotted Gar, an Outgroup
for the Teleost Genome Duplication
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F| Pseudo-Test Cross
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Danio rerio
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Stacks

) Stacks m =

4)» http://creskolab.uoregon.edu/stacks/ v &| (2§~ Google Q) B+ W | 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,
Oregon 97403
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Stack X
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Locus 1 Locus 2

TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCle
TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCl-
TGCAGGACACACAGGAGCTGEAGEECATTHC CITEGECIGGECITTHCCLe
TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCje
TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCp
TECAEGEACACACAGCEACCTEAGCCATTCCTGEGCGEGCTCCA
TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCCpa
TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTC CpX
TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCClps
TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCCp

TGCl&lIGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCje
TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTC Cp
TGCAGGACACACAGGAGCEKLYGEAGCCAT TCCTECEGEECTICCYe
TGCAGGACACACAGGAGCTGAGCCATTCHYTGCGGCT C Cjp,
TGCAGGACA[ACAGGAGCTGAGCCATTCCTGCGGCTCC|«

O

Locus X

ACCAAACGEGTTTC
ACCAAARACGTTTG
ACCAAACGTITTG
ACCAAACGTTTGC
ACCAAACGTTTG
ACCAAACGTITTG
ACCAAACGEGTTTG
ACCAAACGTTTG
ACCAAACGTTTG
ACCAAACGEGTTTG

ACCAAACGTITT G
ACCAAACGT®T G
ACCAAACGTITTG
ACCAAACGETTITT G
ACCAMACGTTTG
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Locus 1 Locus 2

TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCle
TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCl-
TGCAGGACACACAGGAGCTGEAGEECATTHC CITEGECIGGECITTHCCLe
TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCje
TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCp
TECAEGEACACACAGCEACCTEAGCCATTCCTGEGCGEGCTCCA
TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCCpa
TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTC CpX
TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCClps
TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCCp

TGCl&lIGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCje
TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTC Cp
TGCAGGACACACAGGAGCEKLYGEAGCCAT TCCTECEGEECTICCYe
TGCAGGACACACAGGAGCTGAGCCATTCHYTGCGGCT C Cjp,
TGCAGGACA[ACAGGAGCTGAGCCATTCCTGCGGCTCC|«

e
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Locus X

ACCAAACGEGTTTC
ACCAAARACGTTTG
ACCAAACGTITTG
ACCAAACGTTTGC
ACCAAACGTTTG
ACCAAACGTITTG
ACCAAACGEGTTTG
ACCAAACGTTTG
ACCAAACGTTTG
ACCAAACGEGTTTG

ACCAAACGTITT G
ACCAAACGT®T G
ACCAAACGTITTG
ACCAAACGETTITT G
ACCAMACGTTTG

TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCC/AGACCAAACGTTTG
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Locus 1 Locus 2 Locus X

TGCAGGACACACAGGAGCTGAGCCATTCCITGCGEGCECCINGAGE R AT CliE

TGCAGGACACACAGGAGCTGAGCCATTCCIGC GGEC TCCIds Acic ot ichamnls

Stack 1 Stack 2 Stack X TGCAGGACACACAGGAGCTGAGCCATTCCTGC GG MC Clelc e Ciy SNe NN
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TGCAGGACACACAGGAGCTGAGCCATTCCTIGCGGE TCCEYs ACC A clchime
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—— TGCAGGACACACAGGAGCTGAGCCATTCCTGCEGC TCCENG Cicl- U NICIIENE
—_— TGCAGGACACACAGGAGCTGAGCCATTCCTGCCECCT RN Acic - NCIE A EaE
Stack 2 ) TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCENGACCAAACGTTTG
" (@) Q TGCEIGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCIIGACCAAACGTTTG
— TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCENSACCAAACGTMT G
Stack 3 o TGCAGGACACACAGGAGCIJGAGCCATTCCTGCGGCTC CRele ACCAAACEITINaE
e TGCAGGACACACAGGAGCTGAGCCATTCHITGCGGCTC BNGACCAAACGTTTG
% TGCAGGACA[ACAGGAGCTGAGCCATTCCTGCGGCTCCRJGACCA[ACGTTTG
5 Z O
Stack X <
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Stacks

®no Stacks Analysis Pipeline: RAD-Tag Catalog Viewer
[ < l = ] [ﬁ'] [ + l@ http: //genome.uoregon.edu/stacks/catalog.php?id=1&db=gartut_radtags&p=1&pp=10&filter_type[]=cata&filter_cata=103&filter_alle_|=1¢ c] (Q~ Google )
1 (1 tags) tags perpage [ 10 & A
Id SNP Consensus '::::Tt"sg Progeny | Marker| Ratio | Genotypes
aa: 25 (27.5%)
a ; n%)(t)a3t " [2Yneui] TGCAGGAGCCCTCCCACTCCCTGATCCCCACTCCATTCAGTCCACCCAGACCEGCAAAGCAACACTTCACATTCCC 2 92 /91 ab/ac ab: 24 (26.4%) 91
bc: 24 (26.4%)
SNPs Alleles Matching Samples
2313:1 : % (T;;é e B0 View: ™ Haplotypes [ Allele Depths () Genotypes
c:AG
/GG  AG/ AG/GG | GG/AG GG/ GG /AG AG /GG | AG/
GG/ /AG | GG /AG / AG /GG | GG/ GG/ AG
/ AG | AG /GG /|AG | AG/ GG/AG  GG/AG GG/ GG/AG | GG/
/ GG / GG | AG AG/
/GG | GG/ GG/ GG/ AG /1 GG
/AG GG/ /GG | AG/GG AG/ /AG | GG/
/ GG /1 GG /AG | GG/AG | GG/ GG/ GG/ AG
GG/AG | AG/GG GG/ AG /1 GG GG/AG  GG/AG ! GG
/ AG /AG | GG /AG /1 GG / GG GG/ AG GG/ AG
AG /GG /AG | AG/GG GG/AG

tags perpage [ 10 &

(1 tags)
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Stacks A

- ysis Pipeline: RAD-Tag Catalog
nu m n A hutp:/ /genome.uoregon.edu/stacks /catalog.php?id= 1&db=gartut_radtags&p= 1&pp= 10&filter_type[]=catad&filter_cata=103&filter_alle_|=1&'

Viewer

170 (1tags) tags per page [ 10 %)
Matching
Id SNP Consensus Parents | Frogeny Marker Ratio Genotypes
aa: 25 (27.5%)
ar:nt?:te [:r::i] TGCAGCGAGCCCTCCCACTCGCTGATCCCCACTCCATTCAGTGCACCGAGACCACAAAGCAACACTTCACATTCCC 2 92/91 | ab/ac éb: _29 (200 91
bc: 24 (26.4%)
SNPs Alleles Matching Samples
Column: 52; G/A a:GT
! View: ¥ Haplo Allele Depths [ Genotypes
Column: 70; T/G b: GG & Haplotypes & pths O type
c:AG Male Female Progeny 1 | Progeny 2 | Progeny 3 | Progeny 4 | Progeny 5 | Progeny 6 | Progeny 7 | Progeny 8
CIIGG AG/C] GT AG/GG GG/AG GG/CT | GG/AG  AG CIIGG AG/C
24/13  12/14 7 8/16 | 26/14 15/11  14/8 29 | 22/11 12/5
Progeny 9 |Progeny 10|Progeny 11|Progeny 12|Progeny 13|Progeny 14(Progeny 15|Progeny 16|Progeny 17 |Progeny 18
G CT/GG/GT GI/AG |GG/AG CT/AG | GT/GG GG/GT |GG/AG Gl
23 32/14 2271 7/8 ‘18 2/3 19/14 | 9/4 15
Progeny 19| Progeny 20|Progeny 21| Progeny 22 |Progeny 23|Progeny 24 (Progeny 25 |Progeny 26|Progeny 27| Progeny 28
CIIAG AG/GG  GT/AG AG/GT | GG/AG GG/AG Gl GG/CT | GG/AG GG/G7
5/3 6/9 18/9 a/° 7/86 8/10 10/16 | 3/3 4/°
Progeny 29|Progeny 31|Progeny 32| Progeny 33| Progeny 34 Progeny 35|Progeny 36| Progeny 37 (Progeny 38| Progeny 39
CT /GG GT GT GT GT CT1GG GT CT/TAG GT AG/CT
915 11 17 20 13 8 1214 9 12/
Progeny 40| Progeny 41 |Progeny 42| Progeny 43| Progeny 44| Progeny 45|Progeny 46| Progeny 47 |Progeny 48| Progeny 49
Gl G1 GT CTJGG GGyt GI GG/ GG/AG T,;"I (;TAIQQ
9 | 5 9 | 9712 3/c | 6 4/ | 3/7 18 | 516
Progeny 50| Progeny 51 |Progeny 52| Progeny 53| Progeny 54 |Progeny 55|Progeny 56| Progeny 57 |Progeny 58| Progeny 59
GT CIIAG GG/GT | GGG AG/GG GT AG/CT  CT/TAG GG/ T
9 8/5 10/% 216 8/10 22 17/16 | 22/24 25/1°
Progeny 60| Progeny 61|Progeny 62| Progeny 63| Progeny 64| Progeny 65|Progeny 66|Progeny 67 |Progeny 68| Progeny 70
GTIGG GTIGG | GT/AG GG/AG | GG/GT G GT  GGIGT | GT GG/AG
2/18 22 /29 | 7/23  15/11 | 13/°0 a4 23117 0 14/13
Progeny 71 Progeny 72 |Progeny 73| Progeny 74| Progeny 75|Progeny 76 (Progeny 77 |Progeny 78 |Progeny 79| Progeny 80
GG/AG AG/GG GT GG/AG T /GG GT GG/AG GG/AG CT/GG GI
15/1 9/6 42 31/29 | 15/22 14/17 25/17  29/14 34
Progeny 81 |Progeny 82 |Progeny 83| Progeny 84 |Progeny 85|Progeny 86|Progeny 87| Progeny 88| Progeny 89| Progeny 90
CT/AG CT/AG | GG/AG GT CLIGG CT /GG GT GG/ AG GT GG /AG
17129  29/24 | 16/25 4] 14/248  ©/4 15 | 5/11 12 Y
Progeny 91|Progeny 92 |Progeny 93| Progeny 94
AG/GG CT/AG AG/GG GG/AG
14/13 1°/6 7/1 3/2

®12

(1 tags)

tags per page [ 10 %)

Q- Google

S

NELY



Stacks Analysis Pipeline: RAD-Tag Catalog Viewer

‘ 4| > "' A hutp:/ /genome.uoregon.edu/stacks /catalog.php?id= 1&db=gartut_radtags&p= 1&pp= 10&filter_type[]=catadfilter_cata=103&filter_alle_I=1& & [ [Q~ Google
1 (1 tags) tags per page [ 10 %)
Id SNP Consensus .",:m Progeny | Marker Ratio Genotypes
aa: 25 (27.5%)
ar:nt(t):te IZY:JSCI TGCAGGAGCCCTCCCACTCGCTCATGGCCACTCCATTCAGTGCACCGAGAGCGCAAAGCAACACTTCACATTCCC 2 92/91 ab/ac i 25 12855 91
bc: 24 (26.4%)
SNPs Alleles Matching Samples
Column: 52; G/A )
Column: 70: T/G b: GG . 4 ' A Vleyv. ™ Haplotypes v Alleje Depths 8 Genotypes.
c:AG Male Female Progeny 1 | Progeny 2 | Progeny 3 | Progeny 4 | Progeny 5 | Progeny 6 | Progeny 7 | Progeny 8
/GG AG/ AG/GG GG/AG GG/ GG/AG AG /GG AG/
/13 12/ 8/16 | 26/14 15/ 14/8 29 220111 12/
aa bc bc ab bc AC ab ac
Progeny 9 |Progeny 10|Progeny 11|Progeny 12(Progeny 13| Progeny 14 |Progeny 15|Progeny 16|Progeny 17 |Progeny 18
' GG/ IAG | GG/AG C7/AG /1GG GG/ GG/ AG
< - 32/ ey 7/8 /8 213 19/ 9/4 ]
aa aa ab (ac ) bc ac ab ab bc aa
Progeny IQ-P.'O:';H",' 20| Progeny 21 -me;rny 22 |Progeny PIZ-Pr:‘::';('ny 24| Progeny ?S-Pr:‘::;rrw 26| Progeny ?'I-Pr:‘;:';rrw 28
/AG AG/GG /AG AG/ GG/AG GG/AG GG/ GG/AG GG/
o/3 6/9 /9 4/ 1/86 8/10 10/ 3/3 4/
ac bc ac ac bc bc AC ab bc ab
Progeny 29| Progeny 31|Progeny 32|Progeny 33 |Progeny 34| Progeny 35|Progeny 36| Progeny 37| Progeny 38| Progeny 39
/GG | - 1GG ‘ 1 AG AG/
/5 ‘ /3 ; 214 12/
ab  aa aa aa aa  ab aa ac aa ac
Progeny 40| Progeny 41 |Progeny 42| Progeny 43| Progeny 44 |Progeny 45 |Progeny 46| Progeny 47 | Progeny 48| Progeny 49
1GG | GG/ GG/ GG/ AG /GG
/112 3/ 4/ 3/7 /16
aa = aa aa  ab ab  AC ab  bc aa  ab
Progeny 50|Progeny 51 |Progeny 52| Progeny 53| Progeny 54 |Progeny 55|Progeny 56| Progeny 57 |Progeny 58| Progeny 59
[AG GG/ 1GG AG/GG AG/C] 1AG GG/
‘ ) /5 10/¢% /6 8/10 2. 17/ /124 25/ 1°
aa aa ac ab ab bc aa ac ac ab
Progeny 60| Progeny 61 | Progeny 62| Progeny 63| Progeny 64| Progeny 65|Progeny 66 |Progeny 67 |Progeny 68| Progeny 70
/ GG / GG /AG GG/AG GG/ GG/ GG /AG
12/18  22/29 /23 15/11 | 13/. . 23/ 17 14/13
ab ab ac bc ab aa aa ab aa bc
Progeny 71 Progeny 72 |Progeny 73| Progeny 74| Progeny 75|Progeny 76(Progeny 77| Progeny 78 |Progeny 79| Progeny 80
GG/AG AG/GG GG/ AG / GG GG/AG GG/AG / GG
15/17 9/6 31/29 122 14/17 25/17 /14
bc bc aa bc ab aa bc bc ab aa
Progeny 81| Progeny 82 |Progeny 83| Progeny 84| Progeny 85|Progeny 86(Progeny 87| Progeny 88|Progeny 89| Progeny 90
/ AG /AG | GG/AG / GG / GG GG /AG GG /AG
17 L) ) /] 4 1A / A

———————————————————————————————————————————————————————————— e
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Stacks Analysis Pipeline: RAD-Tag Viewer

S E

hitp://genome.uoregon.edu/stacks /tag.php?db=gartut_radtags&batch_id=1&sample_id=2&tag_id=73

Q- Google
S —————————————————————————————————————————

Stacks

version 0.998

Batch #1 [2011-08-10; 80bp Lepisosteus oculatus F1 Genetic Map RAD-Tag Samples]

RAD-Tag Sample #2 [femalel

v Sequence #73

Catalog ID Depth SNPs Alleles Deleveraged? Lumberjackstack? Blacklisted?
#103 26x Column: 52 G/A AG 46.15% False False False
Column: 70 T/G GT 53.85%
Relationship Seq ID Sequence
DI2SASENNN01234567689 DISBASENNN0123456789 DIRBNSENNN0 123456789 DISBNSENNN01234

consensus TGCAGGAGCCCTCCCACTCCCTCGATCGCCCACTCCATTCAGCTCCACCCACAGCGCAANGCAACACTTCACATTCCC

model 000000C000000000000000000000000000000000000000000000ECO00000C0000000000ECO00
1 primary CAGTC_2_0018_768_1365_1[35245] [ TGCAGGAGCCCTCCCACTCGCTGATGGCCACTCCATTCAGTGCGACCCGAGAGCACAAMGCAACACTTCACAGTCCC
2 primary CAGTC_2_0029_1628_1751_1[35245) | TGCAGGAGCCCTCCCACTCGCTGATGCCCACTCCATTCAGTCGCGACCCACAGCACAAAGCAACACTTCACAGTCCC
3 primary CAGTC_2_0053_1692_1388_1[35245] | TCCAGGAGCCCTCCCACTCGCTCATCGCCCACTCCATTCAGCTCCACCCACACCACAAAGCAACACTTCACAGTCCC
B primary CAGTC_2_0058_1588_1038_1[35245] | TGCAGGAGCCCTCCCACTCGCTGATGCCCACTCCATTCAGTCCGACCCACGAGCACAAAGCAACACTTCACAGTCCC
5 primary CAGTC_2_0059_1524_1186_1[35245) | TCCAGCGAGCCCTCCCACTCGCTCATCCCCACTCCATTCACTCCACCCACACCACAAAGCCAACACTTCACAGTCCC
6 primary CAGTC_2_0094_1356_1854_1[35245] | TCCAGGAGCCCTCCCACTCGCTCGATGCCCACTCCATTCAGTCCACCCAGAGCACAAAGCAACACTTCACAGTCCC
7 primary CAGTC_2_0096_1791_1246_1[35245) | TGCCAGGACCCCTCCCACTCCCTCATCCCCACTCCATTCACTCCACCCACACCACAAAGCCAACACTTCACAGTCCC
8 primary CAGTC_2_0021_877_296_1[35245] | TCCAGGACCCCTCCCACTCGCTCGATCCCCACTCCATTCACTCCACCCACACCGCAAAGCAACACTTCACATTCCC
9 primary CAGTC_2_0024_307_735_1(35245) | TGCCAGGAGCCCTCCCACTCCCTCATCCCCACTCCATTCACTCCACCCACACCGCAAAGCAACACTTCACATTCCC
10 primary CACTC_2_0025_108_810_1[35245) | TCCAGGACGCCCTCCCACTCCCTCATCCCCACTCCATTCAGCTCCACCCACACCGCAAMMGCAACACTTCACATTCCC
11 primary CAGTC_2_0039_1252_1764_1[35245) | TGCCAGGAGCCCTCCCACTCCCTCATCCCCACTCCATTCACTCCACCCACACCGCAAAGCAACACTTCACATTCCC
12 primary CAGTC_2_0061_596_159_1[35245] | TGCAGGAGCCCTCCCACTCGCTGATGGCCACTCCATTCAGTGCGACCCGAGAGCGCAAMAGCAACACTTCACATTCCC
13 primary CAGTC_2_0068_1310_997_1[35245] | TGCCAGGACCCCTCCCACTCCCTCATCCCCACTCCATTCACTCCACCCACGACCGCAAAGCCAACACTTCACATTCCC
14 primary CAGTC_2_0070_644_2040_1[35245] | TGCAGGAGCCCTCCCACTCGCTGATGGCCACTCCATTCAGTGGACCGAGAGCGCAAAGCAACACTTCACATTCCC
15 primary CAGTC_2_0074_328_659_1[35245)] | TGCCAGGAGCCCTCCCACTCCCTCGATCGCCCACTCCATTCACTCCACCCACAGCGCAAAGCAACACTTCACATTCCC
16 primary CAGTC_2_0075_1668_1862_1[35245] | TGCAGGAGCCCTCCCACTCCCTCATCCCCACTCCATTCAGTCCACCCAGACCGCAAAGCAACACTTCACATTCCC
17 primary CAGTC_2_0079_1481_505_1[35245] | TGCCAGGAGCCCTCCCACTCGCTGATGCCCACTCCATTCAGTCCACCCAGAGCGCAAAGCAACACTTCACATTCCC
18 primary CAGTC_2_0084_805_1974_1[35245] | TCCAGGAGCCCTCCCACTCCCTCATCCCCACTCCATTCACTCCACCCACACCGCAAAGCCAACACTTCACATTCCC
19 primary CAGTC_2_0100_481_1043_1[35245] | TGCCAGGAGCCCTCCCACTCGCTGATGCCCACTCCATTCAGTCCACCCAGAGCGCAAAGCAACACTTCACATTCCC
20 secondary CAGTC_2_0014_728_1008_1[35245) | TGCCAGCGACCCCTCCCACTCCCTCATCCCCACTCCATTCACTCCACCCACACCACAAACCAACACTTCACAGACCC
21 secondary CAGTC_2_0016_86_1022_1[35245] [ TCCAGGAGCCCTCCCACTCGCTGATGCCCACTCCATTCAGTCCACCCACAGCGCAANGCAACACTTCACATACCC
22 secondary CAGTC_2_0042_426_1001_1[35245) [ TGCAGGAGCCCTCCCACTCCCTCATCCCCACTCCATTCACTCCACCCAGAGCACCAAGCAACACTTCACAGTCCC
23 secondary CAGTC_2_0052_867_1387_1[35245] [ TCCAGGACCCCTCCCACTCGCTCGATGCCCACTCCATTCCCTCCACCCACGAGCACAAAGCAACACTTCACAGTCCC
24 secondary CAGTC_2_0012_221_1043_1[35245) [ TGCAGGAGCCCTCCCACTAGCTCATGCCCACTCCATTCACTCCACCCAGAGCACAAAGCAACACTTCACAGTCCC
25 secondary CAGTC_2_0095_120_1067_1[35245] [ TGCAGGAGCCCTCCCACTCGCTGATGGCCACTCCATTCAGTCGACCGAGAGCGCAAAGCCACACTTCACATCCCC
26 secondary CAGTC_2_0077_1003_356_1[35245] [ TGCCAGGAGCCCTCCCACTCGCTCATCCCCACTCCATTCACTCCACCCAGAGCACAAAGCAACACCTCACAGTCCC

last updated: Sun Jan 8 08:59:35 PST 2012
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AACTAATTTTTCACTAGCCATCTTGAATGTGAGTAGCATTTTAAGTAACTATAATTG
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Match to marker catalog Collate/Assemble PE reads

AACTAATTTTTCACTAGCCATCTTGAATGTGAGTAGCATTTTAAGTAACTATAATTG
I

TGCAGGGGTATTAGCATAA
I

BLASTn BLASTN

EST Library

CTGAAGGAGCTGTTACCGGACACCAGCCGGCGCTACGAGAAC, \GCTGGGACCTTCATCACGGGAATCGATGTCACCTC: A 'CGTH GCGGGCCCGGCGGTTCTCGTGTGG I
1 TTCCACTTCCGCGCCGAGGTCAACCTGGCCC TGGTGCTGGACCGGGAC] I TGTGCCT CGCGCTTGGAGGCTCTGCACGTGACT TTGATGAGGGTGTCGTGT 1
|
1 ATGAGCACTCAGGACGTGTTTGGCTACTTCAAGGAGTATCCCCCCGCCCACATCGAGTGGAT GACACCTCCTGTAATGTGETGTGGCTTGATGACGTCACCTCAACCCGAGCCCTCCGGGACGTCCT
| 1
1 CGGCGGAGCCAATACTACATGARATATGGGAACCCCAACTAC T TCCTCAGCAACTCCTGGAAGCGGCGCTACCATTCCCGGCGGATCCAG 1
[ | |
1 1
I ATCAACATGAGCCGCATGCCGGACCCCGCCGCCACCAAGGCCGACCCGGA GCCCCCACACGGAGC CEGCE TCGGAC GG TGG 1
| 1
| 1
1 GAGGTTGAGGATGATGAGGATGAGAAGAGCAGCACTGGCAGTGC CCAGCGACAGTGAGGAAGAGTCGGAGAAGAAGCCCGCTCCTGAAATCACAGAGACTGACGAGCTGTCCAACACCGCCAC 1
1 | 1
1 CAGGCCGAGAGAGAGTCGCTCCTCCGARATGACCTGCGGCCCGCCACCARACCCTTCAAGGGGAACAAGCTGTTCCTGAGGTTTGCCACTCAGGATGATAAGARAGAACTGGGCGCCGCCCCCGCCGTACA 1
. ________________________________________________________________________________________________________________________|
1 ACCAAGAAGAGCCTCATCGGAGACAGCGTGGGGCTGAC I
.
1 |
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Match to marker catalog Collate/Assemble PE reads

AACTAATTTTTCACTAGCCATCTTGAATGTGAGTAGCATTTTAAGTAACTATAATTG
I

TGCAGGGGTATTAGCATAA
I

Assoclate BLASTn BLASTN
RilEcrs | PE EST Library

e
CAGGCCGAGAGAGAGTCGCTCCTCCGAAATGACCTGCGGCCCGCCACCAAACCCTTCAAGGGGAACAAGCTGTTCCTGAGGTTTGCCACTCAGGATGATAAGAAAGAACTGGGCGCCGCCCCCGCCGTACA
e
ACCAAGAAGAGCCTCATCGGAGACAGCGTGGEGCTGAC

. N I CTGAAGGAGCTGTTACCGGACACCAGCCGGCGCTACGAGAAC, \GCTGGGACCTTCATCACGGGAATCGATGTCACCTC: A 'CGTH GCGGGCCCGGCGGTTCTCGTGTGG I

O n I Wl h 1 TTCCACTTCCGCGCCGAGGTCAACCTGGCCC. TGGTGCTGGACC @ T TGTGCCT CGCGCTTGGAGGCTCTGCACGTGACTGGAGTTGATGAGGGTGTCGTGTA I
1 ATGAGCACTCAGGACGTGTTTGGCTACTTCAAGGAGTATCCCCCCGCCCACATCGAGTGGATAGACGACACCTCCTGTAATGTGGTGTGGCTTGATGACGTCACCTCAACCCGAGCCCTCCGGGACGTCCT

| 1

1 CGGCGGAGCCAATACTACATGAAATATGGGAACCCCAACTAC T TCCTCAGCAACTCCTGGAAGCGGCGCTACCATTCCCGGCGGATCCAG 1

E S | S 2 :

1 1

I ATCAACATGAGCCGCATGCCGGACCCCGCCGCCACCAAGGCCGACCC GCCCCCACACGGAGC CGGCG: TOGGAC GG GG 1

| 1

| 1

1 GAGGTTGAGGATGATGAGGATGAGAAGAGCAGCACTGGCAGTGC! CCAGCGACAGTGAGGAAGAGTCGGAGAAGAAGCCCGCTCCTGARATCACAGAGACTGACGAGCTGTCCAACACCGCCAC 1

[ | 1

1 |

1 |

1 |

Assign

orthology o) BLASTx
BLASTX

markers Bl

PE contigs |
e Human

enome

Zebrafish



HSMap
12 3 456 7 8 910111213 141516 17 18 19 20 21 22 23 24 25

cM 109 157 125 123 144157 176 135127 85 101107 135 153 135 132 125 136 127158 135 72 135 109 88
103 155 126 124 143150 188 132125 93 104 111 136 153 134 130 126 111 135148 131 76 118 119 89

Markers

RADMap 114 153 420



DreLG20

157 EST markers

0.0 HSP20_Z9962
8. {HSP20_BI474288 HSP20_BCOB5672
13. HSP20_AI657956
156 HSP20_pemt
Al |HSP20_BC045294 HSP20_BIB82204 HSP20_AI497198 HSP20_Z7933 HSP20_29708
1HSP20_AI331733 HSP20_syncrip
23.1 {HSP20_BM861561 HSP20_BC056814
281 {HSP20_Z10056 HSP20_AI588245
331 HSP20_AAB05749
365 HSP20_AI476962
406 HSP20_BG728944
430 {HSP20_AI397048 HSP20_AI544701
455 HSP20_711841
HSP20_AI641655 HSP20_Z3624 HSP20_dtl HSP20_tbr1 HSP20_BC059659
HSP20_fmoS HSP20_721067 HSP20_BIB80068 HSP20_AA497250 HSP20_pige
- HSP20_AI658305 HSP20_nek2 HSP20_serpinal HSP20_ AW 202887 HSP20_BC047862
X HSP20_AI959361 HSP20_Z7803 HSP20_BC071538 HSP20_AI584412 HSP20_BC045515
HSP20_Z13214 HSP20_AI959532 HSP20_BC086711 HSP20_nfkbiaa HSP20_AI585033
HSP20_AI641705
637 {HSP20_AY394945 HSP20_AI667501 HSP20_AI958075
66. {HSP20_Al477407 HSP20_Z22659 HSP20_AI558899 HSP20_AI959629
71 HSP20_sixd.1
736 HSP20_rint
L NG [ [ HSP20_jag2
785 / HSP20_BC044390
798~\ | /- HSP20_paics
HSP20_CF550564 HSP20_BC078239 HSP20_Z3211 HSP20_esr1 HSP20_AIB78681
1/ [HsP20 kit HSP20_BC076242 HSP20_AW 171519 HSP20_Al658298 HSP20_pdgfra
80.9~ ] HSP20_CD596570 HSP20_AI957729 HSP20_AI943246 HSP20_BC065446 HSP20_AA495418
T [HsP20_cpaso HsP20_AI584331 HSP20_AF370884 HSP20_AI584766 HSP20_AL919819
HSP20_AI667152
887 HSP20_AI601548 HSP20_AI721928 HSP20_AI877511
897 HSP20_BI671369
HSP20_AW 174998 HSP20_28150 HSP20_BC044195 HSP20_Iftt HSP20_cpsf3
oh HSP20_rpl7 HSP20_AW420838 HSP20_rab32 HSP20_lbr HSP20_CA474314
; —1{/ /|HsP20 BCos6589 HSP20_acat2 HSP20_pdip5 HSP20_ivns1abpa HSP20_CK025611
—{ /' IHsP20_wtap HSP20_snap25a HSP20_Ai584357
91.9~Y—f— HSP20_AI618559
085~ ]| HSP20_AL722719 HSP20_fith HSP20_AI959609 HSP20_sox'1b HSP20_AIB82839
5™t 1HSP20_BC059690 HSP20_max HSP20_yps1
937 HSP20_BC071385
982~L__| —HsP20 221123
985— | —HSP20_pro2013 HSP20_BCO76168 HSP20_BI&78481
100.9 {HSP20_7536 HSP20_AY751464 HSP20_ift172
103.4 {HSP20_CK027003 HSP20_BMB89954 HSP20_tde2 HSP20_cx43 HSP20_220046
113.9 {HSP20_AW202791 HSP20_AW173950 HSP20_laptmda
116.4 {HSP20_AF509492 HSP20_matn3a
124.1 HSP20_AI657979
o HSP20_AI641589 HSP20_Z22041 HSP20_bmp2b HSP20_AI397344 HSP20_BC059496
& HSP20_Z7171 HSP20_BQ263921 HSP20_AI722296 HSP20_dtnb
127.5— |~ HSP20_BI8&7534
128.9— [ HSP20_exti3
136.6 {HSP20_disp1 HSP20_AI618255 HSP20_AI330882 HSP20_hsp90b
144.3 {HSP20_BC078246 HSP20_BC081476 HSP20_Z8554 HSP20_AI546038
149.3 1HSP20_74329 HSP20_AI883979
151.8 HSP20_AI959738
156.8 {HSP20_zp2.4 HSP20_Z21485 HSP20_7p2.2
162.5 HSP20_prpf39

DreLG20

(N

311 RAD markers

o
o

HSP20_Z9962

HSP20_BI474288 189499 88203 108274 HSP20_BC065672

161400/20|0.38 ).53 113294]20/0.28 52538)20]0.29 45411]20]0.08

18200/20[1.30 74007 HSP20_AI657956
155098{20|1.52 3841/20[1.46 104611[20]1.49 178331|20[1.54 196186[20]1.33

10.1

15.2

17.7

HSP20_pcmt 78779 131615|20|1.39 135773 42193
163435/20|1.52 206518)20|1.54

190886/20|2.23 281308 HSP20_Z7933 85877 103668|20|2.56
HSP20_Z9708 104895 61591 199183 101135

57921 72038|20|2.23 72048 HSP20_BC045294 HSP20_AI331733
29302/20|2.53 20330820]1.71

107272

22.7

9906/20(2.51

24.0

25

140139]20|2.23 HSP20_BI882204 HSP20_AI497198 98054|20[2.94 HSP20_syncrip

276

1HSP20_BC056814 HSP20_BM861561

160206 HSP20_Z10056 138380[20]3.47 HSP20_AI588245 241241(20]3.56

156070 43864

|HSP20_AI476962 106173 36003 207956 5854
181593

HSP20_AAG05749
FAHSP20_BG728944 70020
'HHSP20_Al544701 HSP20_AI397048 207768/20/4.79
/- HSP20_Z11841
I 67359[5[73.22

19472]20/4.10 214420
106737 205995 97203 114037 106784
28102|20[12.88
38630 6201(6/35.03 HSP20_23824 17415[20|11.41 90234
182057|20[10.23 72615[20/6.29 HSP20_fmo5 HSP20_BI880068 25698/20]11.72
101621|20|13.04 HSP20_nek2 94344|20[7.40 HSP20_AA497290 HSP20_AI641655
HSP20_AI959532 HSP20_serpinal HSP20_AI584412 HSP20_dtl 137481/20/6.60
62834 84084|20[12.21 21332[20[13.56 HSP20_AI658305 80346
71031 15475[20[12.15 46690 43401|20[15.74 235653(20/8.00
17036 HSP20_BC045515 54666 175327|20|11.72 HSP20_27803
HSP20_pigc 181424 215418[20[10.15 95215 12402|20[7.17
34382|20/6.80 HSP20_BC059659 107321|20]14.60 HSP20_AI959361 HSP20_tbr1
HSP20_BC047862 102373(20[12.88 125203 187620|20[7.40 179589]20[14.13
HSP20_nfkbiaa HSP20_221067 17783[20[13.79 132796/20[7.57 211660
53374 18865|20|14.13 25371 HSP20_213214 HSP20_AI585033
752|20[10.41 162412|20[8.18 HSP20_BC071538 58483]20/9.65 102984|20[6.45
11527]4[26.71 104135 634120]9.32 62476 51222
30079 81880[20]15.53 HSP20_AW 202887 HSP20_BC086711 59446|20/10.42

HSP20_AI641705

[
\&\g\\\\

—1276232 44873

22609]20|17.20
61370]20|18.00 HSP20_AY394945 HSP20_AI958075 94341 HSP20_AI667501
16196 68692|20|17.71 115759|20(17.56
HSP20_AI959629 13413 HSP20_Al477407 58651 HSP20_Z22659
25362 HSP20_AI558899 30986
50273|2018.43
4

HSP20_six4.1

43227(20|20.39 HSP20_rtn1 39399 44279|20/20.19

149183 HSP20_jag2 24690 256761|20|20.76

28888 HSP20_BC044390

HSP20_paics

HSP20_AI878681 HSP20_AI584766 65907 HSP20_AL919819 21769

49257 HSP20_CF550564 HSP20_AI943246 25143 10723|20[23.19

27111 HSP20_pdgfra 148055 14086 187914/20|21.29

70312|20]25.28 HSP20_AI584331 73227|20|25.29 HSP20_AI957729 95866|20|24.68
HSP20_CD596570 76978|20[25.03 154261|20|26.87 200798|20|24.76 HSP20_AA495418

94.;

©
L
e

101.7

=N

102.8

104.1

105.5
106.5

108.9

111.4

113.8
116.3
118.7

121.1

1236

126.0
128.5
130.9
1322

133.3

134.4
135.7

143.4

148.4
150.9

153.3
155.7
158.2
160.6
161.7

163.0
168.7

=
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170680]20[21.29 HSP20_AF370884 HSP20_23211 52953[20]25.88 117549]20[21.99
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Genetic Mapping for Genome Assembly
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What If you don’t have a reference genome!







Ihe prtcher plant mosquito, Wyeomyia smithii
a model for evolution due to climate change




Ihe prtcher plant mosquito, Wyeomyia smithii
a model for evolution due to climate change
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Resolving post-glacial phylogeography in Wyeomyia smithii
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Sampling RAD-Tag markers for population-level
phylogenetic analysis

+sTGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTC ClS

.S TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTC Cfe

, TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCT C Cle

. TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTC Cle

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

e TGCAGGACACACAGGAGCTGAGCCATTCTTGCGGCTCCENGACCAAACGTTTG
. TGCAGGACAGACAGGAGCTGAGCCATTCCTGCGGCTCC]MGACCAGACGTTTG
. TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCENSACCAAACGTTTG

i
2.

CoNsensSUS: rcCcAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCNGACCAAACGTTTG

ACCAAACGTTTG
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Sampling RAD-Tag markers for population-level

phylogenetic analysis
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Genome-wide view Improves resolution
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Resolving postglacial phylogeography using PNAS
high-throughput sequencing
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Center for Ecology and Evolutionary Biology, University of Oregon, Eugene, OR 97403-5289
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