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Outline for today’s lecture

Genomic data and non-model organism research 

RAD-seq for ecological & evolutionary genomics

Genomically enabling a non-model organism

Stacks software pipeline
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Video by Don Kane

Vertebrate zygotes or embryos

Model organism research has been very important
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pre-cancerous

Studying brain cancer using somatic evolutionary 
genomics in a model organism

tumor

Hui Zong, Rui Galvao, Julian Catchen and Susie Bassham



Laser Capture Microdissection of cells



Transcriptomic and genomic analysis of cells

Sequence cells here...

... and here
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Multiple lines of genetic evidence for causative mutations
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Genomic rearrangements in cancer cells
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How can modern genomics improve studies 
of non-model organisms??



How do the major differences among lineages evolve?



How are organisms related to one another?

Phylogeography of pocket 
gophers using mtDNA Avise, 1979



How do organisms adapt to novel environments?

from Grant and Grant. 2007. How and why species multiply: The radiation of Darwin’s 
finches. Princeton University Press



Four fundamental processes in evolution

Threespine stickleback fish (Gasterosteus aculeatus)

Origin of genetic variation; 
mutation
migration

Sorting of variation; 
genetic drift

natural selection



Genetic drift is a null model

Threespine stickleback fish (Gasterosteus aculeatus)

R. A. Fisher

Sewall Wright



Population genomics

Threespine stickleback fish (Gasterosteus aculeatus)

Simultaneous genotyping of neutral and adaptive loci

Genome-wide background provides 
more precise estimates:
•Demographic processes (e.g. Ne)
•Phylogeography

Outliers from background indicate:
•Selective sweeps
•Local adaptation



Population genomics of unordered markers

Threespine stickleback fish (Gasterosteus aculeatus)

Namroud et al (2008) Mol Ecol 17:3599



Population genomics of ordered markers

Threespine stickleback fish (Gasterosteus aculeatus)

Hohenlohe et al (2010) Int J Plant Sci 171:1059 

Genomic architecture:
• Distribution adaptive variation across 
the genome

• Correlations among genomic regions 
(linkage disequilibrium)

• Interactions among genomic regions 
(e.g. epistasis)

• Recombination rates and chromosomal 
inversions



How do we ‘genomically enable’ research
on non-model organisms?

1. Genetic Markers & Maps

2. Physical Maps

3. Transcriptomes

4. Gene Expression Analyses



In the field and in the lab until a few years ago....



Next generation sequencing, high 
performance computing 

and new analytical approaches have 
fundamentally changed the scope of 

studies of non-model organisms

The open source genomics breakthrough



Should we just sequence everything?



Why not sequence the entire genome??

• Still prohibitively expensive for many studies
• Human height GWAS; over 15,000 individuals assayed
• Identified many new regions contributing to the variation
• Still only identified a fraction of the heritability

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

• Genetic maps are very useful in genomic studies
• a high density genetic map can facilitate genome assembly
• genomes may be segregating a lot of structural variation



Alternative approach -
Reduced representation NGS for genotyping
• Focus the sequencing on a homologous set of tags spread throughout the 

genome

• Can lead to the 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
• often the coverage is more even than whole genome sequencing

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

• WHY NOT - some cases complete genomic sequence is necessary
• when linkage disequilibrium blocks (LD) are very short
• Inferring patterns of LD may be easiest with full sequences



Different flavors of Reduced Representation Library 
(RRL) Sequencing for genotyping
• Common acronyms

• RRL - Reduced Representation Library
• GBS - Genotyping By Sequencing
• CRoPS - Complexity Reduction of Polymorphic Sequences
• MSG - Multiplex Shotgun Genotyping
• RAD - Restriction site Associated DNA

• All rely on restriction enzyme digestion

• RRL, CRoPS, MSG and GBS use one or two restriction enzymes only

• RAD uses an extra shearing step to capture all restriction sites

• Incorporation of barcodes on adaptors for multiplexing

• Aligned against a reference genome or assembled de novo

• Statistical issues
• new level of sampling variation (sequencing in addition to biological)
• sequencing error and problems for aligning or clustering



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

20082007

Illumina
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CCTGCAGGTTGTGACTAACAGGCAATGAAGTAGTAAACAACCCTGCAGGTTCTGTTCACTGAAGCAGACGCGCGTGTATGGA GTTGTTTACTACTTCATTGCCTGTTAGTCACAA

TCCATACACGCGCGTCTGCTTCAGTGAACAGAA

TGCAGGTTGTGACTAACAGGCAAT  AAGTAGTAAACAAC/A
G

SbfI

TGCAGGTTCTGTTCACTGAAGCAGACGCGCGTGTATGGA
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CCTGCAGGTTGTGACTAACAGGCAATAAAGTAGTAAACAACCCTGCAGGTTCTGTTCACTGAAGCAGACGCGCGTGTATGGA GTTGTTTACTACTTTATTGCCTGTTAGTCACAA

TCCATACACGCGCGTCTGCTTCAGTGAACAGAA

TGCAGGTTGTGACTAACAGGCAATAAAGTAGTAAACAAC

TGCAGGTTCTGTTCACTGAAGCAGACGCGCGTGTATGGA

SbfI
1

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

Chr I

Chr III

Chr II

22,830 SbfI sites in threespine stickleback

~ 45,000 RAD-Tags

HiSeq Illumina Lane:
160 million reads, 96 barcoded individuals
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Restriction Enzyme (RE) digestion and first adaptor ligation
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Single (GBS) or Double Digest RAD (ddRAD)
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Size selection is more problematic without shearing
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A = Amplification primer
B = Sequencing primer
C = Barcode

ABC
18bp 18bp

2bRAD - type 2b restriction enzyme
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A = Amplification primer
B = Sequencing primer
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18bp 18bp

2bRAD - can scale number of markers easily



2bRAD - size selection is difficult
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Summary of plusses and minuses of RAD family

Sheared RAD Single or ddRAD 2b-RAD

plusses
- Consistent reads
- Local assemblies

- Identify PCR duplicates

- Fewer steps
- Easier marker 

scaling

- Fewest steps
- Easiest marker 

scaling

minuses
- Shearing step

- Scaling requires 
different enzymes

- Multiple enzymes
- Poor consistency
- PCR duplicates

- Very short reads
- PCR duplicates



Benefits of random shearing in RAD

200-1200bp in length



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



Random shearing benefits in RAD

Eliminating PCR duplicates:



Random shearing benefits in RAD

Eliminating PCR duplicates:



Considerations for RAD-seq studies



Tradeoffs:
Number of sites versus Depth of sequencing per site versus Number of samples 

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

Experimental design considerations for RAD

raw reads / samples / sites = coverage at each RAD locus

1,000,000 / 100 / 1,000 = 10x coverage

25 to 50x average coverage per RAD locus is a good goal



Reference 
genome 

sequence

sequence 
reads

Restriction enzyme recognition site

Differentiating SNPs from error
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The reads are 14 T and 2 G:

GT  heterozygote?
GG  homozygote with error?
AA  homozygote with lots of error?

Needed a rigorous method to call genotypes

Differentiating SNPs from error
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Maximum likelihood genotyping based on
 multinomial distribution of nucleotide reads
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Differentiating SNPs from error



Kernel-smoothing average of summary statistics along genome

Bootstrap re-sampling to estimate significance of moving average

Making statistics continuous across the genome



Overall pipeline



Things to consider

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

Genomes are biased:

Tradeoffs:
Number of sites versus Depth of sequencing per site versus Number of samples 

How many tags do I need?

Experimental design considerations for RAD

expect 112,300 six-cutter sites in stickleback (460 Mb) actual EcoRI sites = 90,000

expect 7000 eight-cutter sites in stickleback actual SbfI sites = 22, 800

expect 32,900 six-cutter sites in C. remanei (135 Mb) actual EcoRI sites = 73,200



Tradeoffs:
Number of sites versus Depth of sequencing per site versus Number of samples 

How many tags do I need?

Things to consider

Choice of enzyme and genome size
Polymorphism and read length

Nucleotide polymorphism rate = 0.01 to 0.001 for most vertebrates

Stickleback populations: 0.01 to 0.02. At least 1 SNP every 100 bp, on average

Experimental design considerations for RAD



Things to consider

Barcoded adapters
5 to 8nt barcodes
Variable length barcodes
Combinatorial barcodes (PE)

Barcode distance - two mismatches

Tradeoffs:
Number of sites versus Depth of sequencing per site versus Number of samples 

How many samples should be multiplexed?

Experimental design considerations for RAD



Things to consider

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

A B C D

How many samples should be multiplexed?

Molecular considerations in library building



Things to consider

DNA Quality
Diversify barcodes

Illumina cluster calling is 
confused by repetition in first 
4 bases - can offset barcodes

CGATA GTACA TAGCC ACTGC

How many samples should be multiplexed?

Molecular considerations in library building



Agilent BioanalyzerThings to consider

Fragment size
Smaller/tighter is better

How can I get the best depth of coverage?

Molecular considerations in library building



qPCR control should be similar to measured sample:

Things to consider

Fragment size
Library quality

qPCR

How can I get the best depth of coverage?

Molecular considerations in library building



Things to consider

Fragment size
Library quality

qPCR
Pilot Experiment:
    Spike or split a lane

How can I get the best depth of coverage?

Molecular considerations in library building



A case study of using RAD for an organism 
with a reference genome: population 

genomics of threespine stickleback fish

Susie Bassham, Julian Catchen, Paul Hohenlohe
Emily Lescak and Frank von Hippel



Derived Freshwater Populations
Lake and stream

Young (<15,000 years)
Phenotypically diverse

Threespine stickleback, Gasterosteus aculeatus
Ancestral Oceanic Populations

Marine and Anadromous
Old (> 10 million years)

Phenotypically similar

Threespine stickleback fish (Gasterosteus aculeatus)
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Ancestral Oceanic Populations

Marine and Anadromous
Old (> 10 million years)

Phenotypically similar

Threespine stickleback fish (Gasterosteus aculeatus)

Rundle and McKinnon 2002



Derived Freshwater Populations
Lake and stream

Young (<15,000 years)
Phenotypically diverse

Ancestral Oceanic Populations
Marine and Anadromous

Old (> 10 million years)
Phenotypically similar

Threespine stickleback fish (Gasterosteus aculeatus)

Threespine stickleback, Gasterosteus aculeatus

Lateral platesPelvic Structure

Cresko et al. 2004. PNAS
Colosimo et al. 2005. Science
Shapiro et al. 2004. Nature
Albert et al. 2008. Evolution
Miller et al. 2007. Cell
Chan et al. 2010. Nature

QTL 
mapping



Hohenlohe, Bassham et al. 2010. PLoS Genetics

20 individuals in each of 5 popn’s
2 Ocean & 3 Freshwater
45,000 SNPs in each individual

Signatures of natural selection across the genome
BP
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Middleton 
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Fst

Genomic Location

What genomic regions are subject to selection 
during parallel evolution?



Parallel signatures of selection across the genomes

Bear Paw

Boot

Mud

(mean FST = 0.121)

(mean FST = 0.112)

(mean FST = 0.117)

Fst

Genomic location (mBases)



Previously identify quantitative trait loci (QTLs) are 
under selection

Natural populations

Lateral plate major locus 
on LGIV (4000 SNPs)

Eda Enigma FGFRFoxi3b



Freshwater

Ocean

iHH

Extensive LD across the genome

Hohenlohe et al. 2012. Philosophical Transactions of the Royal Society of London 



Freshwater

Ocean

iHH

Extensive LD across the genome
More in oceanic than in freshwater populations

Hohenlohe et al. 2012. Philosophical Transactions of the Royal Society of London 



Could genome rearrangements in the stickleback 
genome be affecting these patterns?

Julian Catchen, Susie Bassham and Kate Ituarte



Genome Assembly

AAG AGA GAC ACT CTT TTT

CTC

TCCCCG

CGA

GGA

GGG TGG

CTG

N50

Max

Total

Median
Coverage

17,417 bp 18,982 bp 15,555 bp 15,534 bp

199,905 bp 192,283 bp 238,768 bp 254,734 bp

488.8 Mb 472.5 Mb 456.4 Mb 473.4 Mb

24.6x 26.5x 24.1x 25.8x



Genome Assembly

AAG AGA GAC ACT CTT TTT

CTC

TCCCCG

CGA

GGA

GGG TGG

CTG

Paired-end Alignments

TACCAGGCCTGGGTGATTTAAACGCTCAAGTAAAGTGTGTTTAAACACATCGTTTTAAAATTTGTGTACTCTACTTACACAGCCTC AGCCATGCACACACACACACACACACACACAAAAACACACACACACACAGAGTCCACACTTTGTCCTCCACACCCTATAAATT ACAATG



AGGGACAAAGAGGGTAGAGAGAAAAGCTCCATTTGGGTGAAATGAGTAGACCTGTGCCACCACTATGTATTCAAGCTTCCCTACCAGGCCTGGGTGATTTAAACGCTCAAGTAAAGTGTGTTTAAACACATCGTTTTAAAATTTGTGTACTCTACTTACACAGCCTC AGCCATGCACACACACACACACACACACACAAAAACACACACACACACAGAGTCCACACTTTGTCCTCCACACCCTATAAATT ACAATGTTCCGTGGAACTAGAGACTGAG

AGGGACAAAGAGGGTAGAGAGAAAAGCTCCATTTGGGTGAAATGAGTAGACCTGTGCCACCACCCCTACCAGGCCTGGGTGATTTAAACGCTCAAGTAAAGTGT

100bp

100bp

600bp

5’ 3’

Ilumina
Paired-end

Reads

Reference Genome

161,305,595 pairs 144,396,898 pairs 131,471,548 pairs 150,786,462 pairs
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Genome Assembly
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How quickly does stickleback evolution occur?
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photo: eoimages.gsfc.nasa.gov



Montague Is.

Middleton Is.

Danger Is.

25 km
photo: eoimages.gsfc.nasa.gov



photos: BLM and Aero-Metric, Inc., Anchorage, AK. 
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743 fish
27,878 RAD loci
110,000 SNPs
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Marine x Marine FST 0.001
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Marine x Marine
Fresh x Fresh

FST 0.001
FST 0.052



NJ FST tree
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Rabbit Sl x Rabbit Sl

Linkage Group XXI
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Other recent uses of RAD-seq

Quantitative Trait Loci (QTL) mapping 

Population genomics & Genome Wide Association Studies (GWAS)

Phylogenetics and phylogeography

Genetic mapping, comparative genomics

de novo Genome assembly

Identifying signatures of selection in natural populations

Inferring parentage and pedigrees in the wild

Quantitative genetics in outbred populations

Allele specific transcriptional profiling using RNA-seq



What if you don’t have a genome sequence?

Genomically enabling very non-model organisms



Andrew Nishida, Julian Catchen, Susie Bassham, 
Clay Small and Adam Jones



Pipefishes, 

Seahorses, sea dragons and pipefishes



Gasterosteidae and Syngnathidae are historically 
considered to be closely related

Wilson et al. 2003

Seahorses

Pipefish

Seadragons

Stickleback



Gulf Pipefish
Syngnathus scovelli 

-160 mm (6.3”)
-reversed sex roles
-sexual dimorphism
-specialized 
  suction feeding
-no sequences in 
international 
databases

www.bio.tamu.edu/USERS/ajones/charlyn.html
Fishbase.org



We’re really interested in the head and body axis



Solution: ‘genomically enable’ pipefish

1) A high quality transcriptome

2) Very dense RAD genetic map

3) Deep coverage shotgun sequencing of genome

4) Order genomic and transcriptomic contigs against 
the RAD reference map



Pipefish Transcriptome



Pipefish embryonic mRNA

Illumina sequencing:
100 nt, paired-end

200 million reads (two lanes)

Assembly of transcripts

Building an EST database in pipefish



Transcriptome

Contig length (kb)
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30,000 solid contigs 

Mean depth of coverage = 24X

Nearly all of the expected genes in the 
genome



Transcriptome
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Very large genes were represented



We could use these genes right away
Dlx2a and Dlx5a expression in pipefish



Pipefish Genetic Map



Genetic map workflow

Generated an F1 family of 103 individuals

RAD sequenced the parents and offspring

Analyzed the data using Stacks

Paired end local assemblies

Output to JoinMap format

Created Linkage map



The pipefish genetic map is closed; 22 LGs
6000 segregating SNPs; 30,000 RAD sites
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LG VII

21916-1.1

120900.0

211261.2
216251.7
22248 8393 13522 4365 7754
229431.8

82213.5
134053.6
150753.7
166033.9
10229 253804.1
22039 91864.3

4176.2
38866.5
4013 6378 84156.7
149397.0

20487.8

153138.5

89619.6
196799.8
119549.9
788110.0
1598810.2

1133411.3
560 525 1106711.8
1992212.4
406012.6
234812.7
2228713.2

944414.2

1772115.5

2116717.0
2238417.8
1261018.2
1021518.8
2348519.3
663020.1
1563020.7
1193822.3
95123.1
760123.6
1939524.9
534225.4
1574726.7
808028.4
703528.5
97928.6
1355929.1
851729.8
1101929.9
17090 17597 1541 877130.0
1750731.2
827231.4
14043 507631.8
1585431.9
79532.3
682732.8
19062 1966433.0
185533.3
607333.9
950934.2
554634.3
240634.5
211534.8
2231734.9
22144 1818235.2
1815035.6
1010336.0
10196 1359236.1
95336.5
346836.6
1891637.7
994339.0
35540.3
1877041.0
295241.3
1118641.5
905041.8
2369642.0
56642.3
10274 434942.5
14023 1239642.6
1722542.8
227143.0
1813 8963 1546143.2
22637 8743 1229043.3
3609 22240 11285 25211 6878
15027 11444 12183 19307 15959
1504 7949 10320 12268 10755
8787 13929 21980 24680 14964
20483 1044 19377 10249 12713
266 5047 16799 13838 6684
14361 21031 10345 12951 9098
21678 8438 14499 15946 21345
4324 8382 3444 13304 175
5954 9276 4254 8948 21986
11964 1526 8472 17504

43.4

6207 24426 435 625143.6
764043.7
642544.1
25165 2387744.2
15573 1997344.4
1734 1807344.5
1747144.6
11835 2540244.7
384044.9
2357 1637545.0
1615945.1
446245.3
1136145.6
16066 16146.0
265846.1
12356 22774 998146.2
7437 1307 15940 1254 5344
237 10961 2249346.3
2128546.4
960347.3
10058 38548.3
9358 924048.9
9894 14533 2284 5228 19907
86649.0
1955749.6
18588 10805 16949 11290 15772
12065 3204 8147 3874 4072
8789 13047

49.7

3616 501349.8
911649.9
14063 539450.0
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LG VIII

217770.0
3110 13690 21446 5652 2684
197660.2

16940 15179 253510.9

93544.4

82765.0

113818.4
29119.9
24022 577810.4
1963713.2
2000313.7
931614.0
2089614.3
5877 11812 3541 24271 19616
11902 8524 14601 797814.5
11896 2170015.0
24861 637615.4
3284 17346 1693515.5
1153415.6
11095 1912915.7
947615.9
8863 14635 22675 3689 3912
23995 555716.0
20929 1203016.1
375 2522316.2
2201116.3
1158616.4
1400116.7
1372917.8
292618.5
1501918.7
623019.9
81820.5
2271221.0
19824 1777721.1
1628121.4
1289621.6
367221.7
926122.1
1141122.3
412 2010 120522.5
2226822.7
1348023.7
1158423.8
1418323.9
2374424.1
702 20973 1220424.4
10769 2164124.8
1720325.2
648025.6
5931 12936 911 668626.0
12535 3127 1877326.1
897026.5
7711 1771026.7
380126.8
1978226.9
4444 373227.7
7329 8137 23830 22968 8682
17846 7643 22273 17239 883327.8
9027 21380 6570 730127.9
1509928.0
1326428.1
2369828.3
7931 20285 7610 117528.4
1265 6120 1267128.7
10694 23429 12209 2521228.8
17944 18621 651529.0
20130 1482429.3
1917329.4
25194 2236129.5
24857 2289729.7
15029 13437 17527 24066 5390
744129.9
7112 15378 2053530.0
2369330.1
16189 1171030.2
2996 2181630.3
526530.4
13639 9067 25569 3723 17994
10043 12373 7456 14793 10600
18980 9583 8689 24099 2827
24508 13967 17227

30.6

20704 1317 1259730.7
4789 15190 8784 1444130.8
23552 2157930.9
9689 15115 2140031.4
1783431.6
1763831.7
738032.2
1682832.4
1150032.5
621933.2
8629 1335133.4
1955633.6
5405 397134.5
1325234.8
24121 215434.9
895435.1
750535.4
1416035.5
448635.6
1042535.7
1729 1794935.8
1130335.9
468436.1
1236136.3
757136.5
1668136.6
2291837.1
1907 18099 1143537.2
2016637.3
11824 20417 17369 1575537.5
1079237.6
17822 9955 1489537.8
220438.7
65039.0
1859839.8
552439.9
835540.3
1702240.8
445141.0
1069841.3
7534 2285241.4
2373841.7
433642.0
2240443.1
1323143.5
2082143.7
2287244.5
167344.9
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LG IX

103750.0
5948 6057 9947 4435 16982
23377 17868 3328 20490 5605
2373 2818 6676 12568 6377
981 17542

0.1

67480.4
23448 143921.1
164211.3
20671 10191.4
11445 23628 2101 9920 14280
13179 223 21110 23471.5
1707 22524 185671.8
173 22575 14953 22105 5267
14668 57831.9
23419 33492.0
51362.2
135962.3
92932.4
9018 6560 6831 68012.6
4696 801 18088 7572.7
148392.8
14790 19596 17872.9
17592 15309 12560 6131 6523
3977 5737 18935 4721 9577
9519 14246 5389 21631 20702
6185 6969 434 20428 4846
11468 18125 17055 2578 9982
13829 13992 5675 13536 9794
6074 3046 19366 986 17005
4480 1183 462 306 10518
9815 4950 3008 15644 12813

3.0

12384 205813.1
69443.2
1785 111533.3
286 18144 23412 23203 137783.4
7824 5151 23250 183483.5
19345 11173.6
90053.7
46403.8
9360 21716 6335 2573 5032
151614.0
21624.2
3190 79744.9
151385.0
119215.3
207306.0
113406.1
206037.2
14383 1089 244927.7
175498.4
10318.9
93499.1
15782 40489.4
21231 83009.5
2464611.1
621711.5
939811.6
1749112.0
1901912.1
707012.5
2554313.0
1198413.1
421614.8
1217315.4
1363116.1
1684216.5
989317.0
1758417.4
810317.6
12742 1279217.8
2253218.8
1476118.9
1416820.4
351920.7
9502 716 721821.6
158921.7
939022.3
1931 1287422.7
16576 2340023.3
19799 282523.9
2240625.4
1487726.4
1332526.8

8633 751529.8
980829.9
128430.3
1764030.6
221931.0

1414432.0
1748132.3
1993432.6

1178034.3

2180335.9
309636.0

1360136.9

28537.9
931238.4
2281638.8
17919 12389 24875 6345 3733
6046 484938.9
801139.1
294139.6
259140.4

2558 510141.4

619142.4

347743.2
714943.4

8770 20561 654849.2

755150.6
199450.7

9604 1712351.6

2294552.2
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LG X

20066-1.1

8973-0.5
17550.0
116650.3

242441.1
230051.5

233632.6

11593.4

153177.5
115288.6
12259.5
21859.6
7994 962010.1
156111.3
531512.3
629712.4
2069112.5
2183 1089212.7
849412.8
19235 1371 1374 950 242
23436 1621 11020 4180 1091812.9
191513.3
11794 324713.6
2059013.7
899313.9
1485314.1
11304 47114.2
1133814.3
69214.5
21645 136614.9
684415.6
384715.7
14699 2125216.0
1261116.6
11174 10567 1433816.9
1805617.3
1322417.4
336917.6
1469417.8
542818.3
20674 23893 126419.0
1938119.4
996419.6
1673319.9
1113420.6
17534 24135 939521.0
1992021.8
1128121.9
166422.3
1092222.7
17998 15800 313623.0
311523.4
724823.6
236524.4
11694 292024.8
7981 2149225.7
1742 645726.1
238426.2
771926.3
1720926.4
1064826.5
1422926.7
1416327.6
1013927.8
813227.9
1194228.1
1745728.3
477328.5
11952 23904 8541 1562728.7
1654828.8
691128.9
18228 2487029.1
8632 1715329.3
15982 20242 2112929.6
7345 303329.7
1008329.8
2425030.2
706630.7
58930.9
16077 896831.8
2409232.2
2312532.5
432633.3
465333.6
1107534.2
1151134.7
783435.1
2170635.2
1584136.1
1221636.5
146336.8
1814136.9
428237.0
2147737.1
1689237.4
1887337.7
1949738.0
9508 2335439.1
1416939.3
3825 442139.5
24524 666940.2
1785040.4
1537440.9
1598641.0
643741.5
270341.9
598042.1
10245 1548042.2
9758 16096 19087 12054 13901
21462 24185 8611 1635 19091
23313 6626 23773 15246

42.3

1016 24080 15890 14687 16499
19822 12130 2167942.4
14457 2144742.6
1334642.7
8930 1360542.8
6607 638142.9
304143.1
551943.2
1313443.4
20153 2446943.8
640744.1
23601 2106044.3
19707 4615 1307344.4
1726444.5
587344.7
2290044.8
4136 938344.9
20211 4106 3049 19517 216645.0
2141 2441045.9
141346.0
13542 21549 763346.1
23898 14586 15679 10739 9391
7311 5448 13079 14014 22186
17024 13442 15640 2953 14658
12823 18516 11226 9840 22653
21230 1199

46.2

367 1995846.8
650347.1
650047.9
1220 1826 23217 19191 8224
1345048.1
1845449.2
3867 2026949.6
24690 4658 811150.4
18406 273250.5
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LG XI

16144 10094 165920.0

18950 5312 11116 15070 19101
77760.8

147882.4
199032.5
13241 10803 9930 82183.1
242403.4
21638 11117 6656 11465 68523.9
173444.0
235964.2
12972 4169 19744 23011 11164
19430 235844.5
39184.8
4335 11023 2613 1955 4204
22687 1930 6812 11434 4683
20304 21647 20766 16100 14301
1859 6853 19321 23504 9610
15556 4094 6735 1269 5942
14107 6856 16517 23690 1581
160 9513 1450 23264 5569
9306 14026 10141 7982 16228
18020 14165 12507 10014 5277
14963 14708 11629 11463 4203
19135 11196 11987 19205 21390
17904 22483 4307 10223

4.9

10945 12122 9739 24573 18740
9236 3258 23326 11994 15767
20075 25581 16168 7117 11903
6506 15129 2615 16072 4726
7153 16346 377 5838 8877
14356 7480 15656 9899 5040
4685 23414 14141 8966 11841
13511 13326 16112 14930 16968
20765 23869 1250 10607 19532
17460 9720 15639 11870 1552
20387

5.0

13567 14619 18932 11782 5348
14986 7415 7195 3509 7666
4234 7774 4515

5.1

162925.2
55685.6
20491 24657 6231 894 14179
4252 97915.7
25228 3335 104835.8
89825.9
56816.1
146677.0
7975 13677.1
5940 17451 1244 23367.4
231297.8
58378.4
21000 212259.6
34319.7
92289.8
2204911.3
797212.9
690813.0
16859 214214.3
2254514.4
536915.3
1263715.4
1137715.5
1687916.9
2148517.6
590718.2
1930418.3
2186119.9
1804621.1
1011221.3

781324.2

283925.1

1404826.1
923926.2
1469026.6

215328.6
234028.8
6731 19872 804029.1
1801829.2
203729.6

18203 260631.3
1454131.6

649733.0

522033.6
1173433.8
695634.3
286634.7
1456634.9
3726 1259635.2
441935.5

1754136.2
1360436.4
1213636.9

1966737.8
3331 514237.9
1033238.0
331738.4
19501 2421938.9

1781339.7

59440.6

18444 1852141.6

2061844.0
21344.1
19972 2509644.7

5_8

Project: pfvv5 - Group 5_8_LG11 > Mapping 1 > Map 3 Map Chart

JoinMap 4.1 Mon, 9 Jul 2012, 21:21:26 Page 1

LG XII

148230.0

10067 12733 100841.4
3255 16434 8605 1112 23517
8663 6947 21190 11112 18430
3492 23576 2913 9553 190
7344 13146 17036 5552

2.8

250 15482 51432.9
3700 14004 16580 156684.2
21005 5070 16010 15259 25284.3
21334.4
735 8034.9
99535.0
14426 170015.7
168445.9
9902 18229 20846 19851 10174
12399 7160 2105 2074 23790
1468 11142 9923 8698 10302
16772 214 19026 16198 15103
20999 709 11371

6.0

9079 101286.1
17066.3
10036 102356.4
17866.5
21495 130536.6
13609 60246.7
1266 20644 209636.9
41917.0
24846 37227.8
16858 129117.9
87778.0
210958.4
61468.8
182009.4
107039.6
240559.7
453810.0
225110.5
216810.8
2303211.4
516711.8
177 513312.4
17613.1
922713.6
996314.8
1200814.9
16758 2462415.1
2349315.4
2183315.7
1236915.9
1862616.4
2413816.8
2288118.0

536520.5

1451121.3

167824.2

2425127.5

78030.2
748330.7
1272531.2
1691832.5
2042433.3
22633.4
1969433.8
1234234.0
1701935.5
631636.2
1599236.7
1467836.8
626737.3
2208237.4
2140137.5
498537.7
2135537.8
1385538.2
486438.5
2336738.6
420738.7
1344338.8
8175 11977 2024438.9
1108939.0
176839.2
2665 1411439.3
1727939.4
563739.6
34839.7
568840.0
118440.2
22171 12721 15074 22850 13210
19492 16923 17101 9107 11779
12186 9771 16094 13421 792
1272 16636 5028 15106 19708
906

40.3

12551 21115 792740.5
20410 601740.6
479140.7
565641.1
19298 433241.3
1167441.5
2809 1668841.9
1506442.0
1266242.3
1835542.7
570542.8
868643.0
597543.4
2466543.7
647544.0
4584 1115944.1
154744.3
775044.6
1762944.7
724745.7
2549446.0
127847.7
1296048.4
1823548.9
7053 3036 2175150.7
16414 113451.5
2100151.6
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178940.0
16751 210210.1
55340.6

2461.4

129543.1

127114.2

117395.4

4612 8292 170897.3

20475 2418.9
20624 13250 8180 21615 10677
120259.0
2738 55309.2
190119.3
67259.4
225859.9
1298210.0
2126910.1
485010.2
1051710.7
9614 1032911.3
790112.4

1128813.0

1987614.2

332214.8
396515.3
2259015.7

1342418.5
189218.7
327119.2
571119.7
717 1941820.1

2183620.7

5858 1780922.6

1458223.9
1244824.1

718125.3
1864125.6
1324725.8
1686125.9
696326.0
1484426.2
7580 392526.4

725428.4
1406428.8
2322 706431.1
1342231.2
10476 319531.5
410731.7
224332.5
20994 593932.9
942333.6
2297833.7
2526733.8
313035.0
1022735.7
128835.9
1305936.0
1258536.3
303838.2
1862538.6
106538.8
1667038.9
12234 576 1294139.0
359739.4
22218 770539.6
1315540.0
801840.4
20899 2119240.9
504441.0
2333841.3
10178 1100541.4
747541.6
1363741.7
6981 5952 269 23707 3162
23038 14660 6365 15397 554
21494 8624 15494 22371 2574
16604 11055 12452 19244 5750
7403 18761 22809 2349 24736
3461 8338 14013 12362 17783
481 8269 11531 23653 4881
3905 23847 3506 7604 10637
12229 2811 16165 4065 18995
3001 5487 12120 4096 18413
6189 14605 4028

41.9

21236 209942.0
1861942.2
19842 562142.4
509642.5
400942.6
1076142.8
5188 98443.1
1627743.2
14046 6367 196843.3
22219 15620 14629 2105143.5
2502843.6
1381043.7
2182143.9
1031544.0
10186 6666 12445 17106 458244.1
4012 1063544.2
1276445.8
7399 11272 233 2893 1666245.9
13090 3433 24202 2007846.5
921247.9
15635 2545 22542 5529 14814
9526 118148.6
563348.7
20014 1496648.8
1934348.9
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20381-0.1
7689 11777 6955 579 1411
76210.0
5476 74310.3
168530.4
158371.3
72291.7
174442.3
1991 15475 151692.4
138452.5
125462.9
5224 7323.9
34484.0
13774.1
143934.3
98834.5
141305.1
22839 64545.2
20810 1459 13127 50005.5
126935.6
13381 239745.7
25588 191755.9
22099 13736 13082 2484 2003
14319 18041 710 24466 21139
23915 13197 23443 18749 24431
12658 3916 14547 20488 18511
6453 12163 15781 19789 1726

6.0

17172 24388 22566.1
54356.2
246076.3
142176.5
8571 11955 175167.0
82797.8
105657.9
66328.2
85398.3
27088.4
18067 191518.5
16624 11483 17746 26598.9
101119.3
64509.4
192729.6
54709.9
70610.0
1005010.1
1170310.2
1747010.9
152111.5
198911.9
1445512.0
14800 1172112.3
1092012.4
2546112.7
27712.8
569213.0
2177313.4
363213.7
2186315.2
2464015.6
421215.8
4834 2404216.1
21046 926016.5
17158 281516.6
61716.9
1862217.6
19847 21084 2354918.4
978318.5
1696618.7
1802719.4
1428219.5
2035 1775219.7
617920.0
394920.2
833420.7
1734120.9
1986421.3
641521.8
1109022.2
1443623.2
25407 1590223.4
20323.7
500824.8
941925.0
692126.0

1751327.5
5998 595527.6
1965828.1
1374628.6
7273 447828.8
2165828.9
447929.1
686129.4
4418 740729.5
13745 7552 11524 1856929.8

1635731.1
2497831.3
209631.6

448532.5
66832.6
1242532.7
1235433.5
1196933.6
1500134.1
20137 625934.6

1661935.5
18542 11432 11638 982535.6
32635.7
2105235.9

1861737.8
226538.2

878338.9

1187939.7

1011042.5
7721 6112 1240542.6
908743.1
993843.5

339045.4

2426247.0
631747.5
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4969-0.7

227930.0

23842 24961 8072 57842.0

194874.2
4494.6
14697 79224.7

95235.5

187086.3

10438 9304 3894 3737 10963
47597.6
7487.8
8477.9
20261 26518.6

71649.2

2219410.7

8166 1071612.5

31817.1
1101417.3

1688018.2
1246918.5

814819.4

1122220.1
781820.4

628422.1
476322.2

1905024.1
1306124.4
1489024.5
1939924.6
1405424.8
10173 2093125.0
786 2869 292926.1
14466 18763 2290826.2
1015826.4
1308726.5
2499926.6
15396 535226.7
887227.7
765228.1
1438 2008929.4
12067 15916 20857 9489 11996
12302 286430.0
8923 16883 4574 606230.1
399930.3
3073 827030.5
2042231.1
17419 1153831.2
20698 6628 667431.3
1589531.4
24638 12160 58031.5
2302 1330531.6
9058 1439631.7
2302032.0
4578 23860 886932.1
5935 6939 7009 987032.5
318832.6
454832.7
2396532.8
14039 14078 25312 8936 17681
10136 1381 6813 10966 25175
1015 13653 19619 9124 8602
12157 1408 21483 22060 4882
14036 12121 8703 2657 18998
10801 21629 6373

33.5

2343033.6
1870433.7
23856 12400 5358 20009 2144
17764 955734.2
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Pipefish Genome Project



Genome workflow

Generated DNA from a single individual

Random Illumina shotgun sequencing

Removed highly repetitive kmers

Produced several different genome assemblies



Illumina genomic libraries for pipefish genome

25x

2x

15-25x of
3% of the 
genome

paired end 101bp

mate pair

overlapping

paired end RAD
ACTCTC

500-1200bp

4500-7500bp

500-700bp

150-250bp

40x



Coverage Scaffolds Contigs Scaffold 
N50

Contig 
N50

All (66.6x) 33,911 307,317 26,109 1,840

Pipefish genome assembly version 0.99
Nearly the whole genome is covered

Max Average 
Length

Total 
Length

Gap 
Length %

198,155 9,916.35 336,273,415 38,303,839 (11.39%)



Bringing it all together;
 the spotted gar

Amores, Catchen et al. 2011. Genetics
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496|E52.7
2121253.2
2554|E53.3
7718|LG20 57275|LG2053.4
124253.5
2942953.9
790154.3
1049954.6
42004|bre|1754.9
16969|E55.4
3836855.9
2405056.0
1972656.8
7690356.9
5015157.6
11678|E57.9
1508758.2
116258.3
72695 33010|LG258.9
28016|E59.3
6489|E59.6
640960.2
24804|pumilio2|2061.6
33852|E61.7
14219LOC560410|1762.5
34235|atp6v1c1|1663.0
686863.1
47146|E63.9
40003|mylz2|22/364.2
3412264.3
68224|HIVEP2|2064.4
3096064.5
2730065.2
3382865.6
12400 2305867.2
3561367.3
4856667.7
5059268.0
5466168.4
20665 2069569.2
6591669.6
3217369.7
51606|rsad2|1769.9
1919070.9
3140171.1
7053371.2
1792471.7
34794|LG1371.8
4351471.9
34858 609472.1
10103|mdn1|20 4300872.3
3343874.6
1889976.1
18075|E77.2
33480|mdn1|2077.6
1288279.1
622382.8
2682183.3
16734 42477|rngtt|2084.4
12029|lama4|20 63521|E84.6
934685.0
2313485.2
17681|NA86.5
13485 28826
79049|mecr|20/1687.5
7309887.7
592388.9
7646|E90.2
4020195.9
6738196.8
3003398.8

LG1
9500.0
4542|abcb6|11.1
3221.2
175071.3
6720911.4
53011.5
58032|ugcg|1012.2
2399313.3
4401713.7
291014.9
9912015.9
29111|E16.8
75140|E17.3
2269118.5
13067 8009521.0
37267zgc:92761|2121.7
23714|E21.9
38793 3709|gpr98|522.1
7857 10173|gpr98|5
16737 2868122.2
1402522.3
51216|E 60163|E23.1
22043|E23.9
11431|E24.1
1791|dhfr|5 36163|dhfr|5
31472|LG524.3
7256025.1
3242 1382425.3
29411|dhfr|5 13620|msh6|1325.8
43814|ercc8|8|26.0
17295|E26.1
2144226.4
2168226.8
6651027.7
7119527.9
7482428.1
5287728.8
6011129.7
6670529.9
2137731.5
10603|tcf12|732.1
3073732.3
871432.9
6221433.2
270633.7
980534.0
2204834.2
3953134.4
76268 2044234.7
1884235.2
19839|LG1035.3
8184635.7
3695435.9
201437.0
2033237.6
8190937.8
47877|E38.1
407238.2
7732zgc:152845|1039.1
55474|LG539.5
5809 11578|ugcg|1039.8
287840.1
1139240.4
487340.5
51013|E41.1
29351|E41.2
25718|E42.0
12616|E42.7
4253|E43.4
2775743.5
14375|IQGAP2|543.9
5438944.0
939544.1
4566744.2
723744.4
711|ptc2|8 1700345.1
5498246.3
2055 192946.4
1103747.1
1414|cdc37l1|10 1284947.6
2709747.7
4737zgc:100974|547.8
370747.9
13712|E48.4
63386|E48.5
1559 39155LOC792478|10
3354zgc:63485|1148.9
7095449.0
74969LOC792478|1049.3
3798549.7
800849.9
27047zgc:92321|10 164450.0
931250.1
38756|atp1b2b|550.6
1368|E50.8
8178951.6
60044|med11|1052.4
2777652.9
80186 16465
41934|senp3a|5 12716zgc:153917|753.4
79656|E54.0
49471|E54.1
177im7139382|NA54.4
27326 345354.6
54088|spag7|554.9
58108|polr2a|655.1
1919855.7
1313656.0
13128|pld2|556.2
26277|E57.4
551|E57.8
21862|LG7?58.8
708359.0
8663359.3
2447059.7
38514 6696860.1
1598860.2
3736|AXL|1560.8
3963 18923|grk1b|560.9
57394LOC555761|1561.2
144561.3
279964.0
43840|NA64.2
27919LOC563140/LG1564.5
1805864.7
1461|AXL|15/dtk|1764.9
68802|E65.0
3667565.1
13995|mta2|765.2
32787LOC794477|1765.3
15067|E65.7
959|E66.0
1752666.3
4879066.7
31676zgc:154093|1566.9
525067.2
1543667.6
27688|LG1867.9
547868.7
547668.9
9142|E69.2
17241|E69.8
45783|E70.2
48070|E70.5
224771.0
1484771.6
948672.2
1089272.6
6730273.2
7071474.1
4323474.4
1098674.5
4968674.8
150775.3
51482 4383875.4
6175dkey7l12.4|1875.5
294175.9
2660476.2
43344zgc:101015|1576.6
4207377.0
75713|per1b|777.1
5675|timm50|1577.9
48666|supt5h|1578.0
411178.9
74526|nova1|579.5
753779.9
53160|supt5h|1580.0
25823|LG1881.8
10755|E83.8
3631985.0
22594 4324|tbcb|1889.2
5890989.9
1745891.8

LG2 LG3
607680.0
36961.1
39751.8
62433|gucy2f|15 12271|gucy2f|152.0
616292.4
16201|dcun1d4|202.6
27801LOC100005953|153.1
22666|LG? 739503.7
808635.4
69148 64394|fam168a|187.9
542068.7
172338.8
7592010.8
37950|E11.8
69848|E13.0
6623413.4
6713.8
1263614.3
4240114.5
649314.9
66652|atp2b4|11 3612115.6
13625|ZNF295|1015.8
51882|atm|Zv8NA 3998
37237|samsn1b|10/15 4596|mxb|1
41425|rps6ka3b|24/5

16.7

66408 51174|BRWD1/LG15
1805|wdr73|21 28792|ch211137i24|516.8
41581|E16.9
3107717.2
11871|NAA50/Hsa3q17.3
4399317.7
29134|E17.9
2834118.3
3397LOC567379|1019.4
10111|E20.1
17420.2
41780|sms|2120.4
7810520.6
5951421.7
38552zgc:174160|2421.9
2608223.0
1093023.2
940923.7
24594|ZNF295|1025.1
321525.5
215525.6
1609425.8
4022327.2
4323227.4
398827.9
1141428.4
3329428.6
6019329.7
3440431.3
10896|pak1|1832.6
3048132.8
18458|E33.7
37990dkey24p1.6|1534.3
1940635.1
74429|rrm1|2135.4
1459836.6
7997537.4
921438.0
2739938.2
775538.4
2177738.9
2765540.5
1974240.9
63892|pex7|2041.0
16622|E42.1
53904|E42.5
3056642.9
49899|synj1|1043.6
7001 5667943.7
7013|E44.3
13047|E44.8
909645.0
4344|plxna2|2345.5
574045.7
378345.8
44961|slc6a13|646.2
6286|mkrn1|846.3
4145746.4
17824LOC793893|1146.6
16801|slc6a13l|6 1305547.0
30849|ahcyl1|847.1
9463 42351
33258|sars|23 10546
28087|cry2a|8

47.3

33413|sars|2347.4
17195 35824|E
26662|srgap2|11 5206dkey24l11.7|18
24864LOC559524|7

47.6

21003|E47.7
40764|arl8ba|647.8
200948.0
6246248.8
27330|E48.9
1331549.7
22304|gc:113307|1149.9
26146|hdc|1850.0
530550.2
5998450.7
63275|E51.3
4167253.2
4937553.9
544254.4
724754.5
780855.9
478956.2
18456 3249556.9
3040657.2
2755 43218|dis3l|757.5
411558.7
6059759.0
710559.8
226160.9
88876 19831|MYO5C|2561.6
5423062.4
7569162.5
1284863.1
5571264.2
50785|ZWILCH|1864.6
607565.4
2871 2987465.8
30166zgc:158452|766.7
32821|E66.8
2769667.6
6890268.5
3896168.9
13345 296770.1
2632271.0
851472.4
36409zgc:136970|773.9
8752zgc:162892|774.0
4878174.5
345674.8
427275.1
78273zgc:101658|775.5
215876.7
13236 1452076.9
22274|E78.6
1251779.5
44040|ap4b1l|2380.3
3927|E80.4
6187981.2
37970|E81.6
3486082.2
1180382.7
9646zgc195008|8/1582.8
1175783.9
1602584.4
55672 2691584.9
4147285.5
404385.7
12943|csnk1g1|787.2
16058|NA88.3
63970LOC560176|2589.7

42051|SPG11|Zv8NA

438560.0

118403.3

35014|dctn1a|7 10127|LG7
74765.8
20895|dysferlin|76.6
17665|exoc6|127.5

483488.7

4060412.1
4883713.4
195015.0
63190|LG115.1
687515.3
3363116.3
2042816.8
6069017.1
27569|E18.3
996|E18.8
76548|SPATS2|8 22022|whsc1|1320.2
1917420.6
35684|pdcd4a|1 4321020.7
36789|racgap1|23 631421.2
4415421.8
21946|LG23 905723.1
2412923.8
40502|E24.5
312424.9
3440925.0
33812zgc:171696|2025.4
16268|E25.8
4622626.2
334426.3
11763|E26.7
7649028.1
5226428.7
1142429.4
18182|slc39a10|9 43675
3740529.6
6722930.3
15424|gpd1a|830.7
3134731.0
74811|tarbp2|631.4
3433831.9
24405 954032.1
6916133.9
3566034.5
1536135.3
4520138.2
5047|E39.3
2183239.5
307040.1
56627|larp4|2440.2
776140.5
5728841.1
45121zgc:158628|641.6
11973zgc:101601|2341.8
61520|E41.9
15441 1989042.5
73907|MLL2|2342.7
637|stat6|2342.8
6890|E43.3
25148 42118|MLL2|2343.4
1822743.7
39139 2571|MLL2|2343.9
31048|ptges3|2344.0
28118|E44.1
66511 6453044.4
6745|MLL2|2344.5
17238 36400|rheb|644.7
3943645.2
14090|E45.8
74201|dclk2|1 2981047.1
36155 28925|mmaa|147.5
28360|polr2b|1447.6
54798|NBEA|1547.8
29292|gba2|7 5824248.4
7014|E 4151|tesk2|148.6
5750048.9
12706|or102b1|1549.2
1775049.3
34148|rpia|13 11342|RAB11FIP5|1350.3
1495350.4
8131|RAB11FIP5|1350.5
2386650.7
6866951.8
2763652.2
3859|LG1252.6
3083653.4
4340853.6
33758|E54.5
22177|E54.7
34635LOC568973|155.2
1928556.2
2771256.7
2786757.3
5116657.7
524959.4
17839|ptcd3|1460.7
66953|LG14/1760.8
558461.3
35133LOC100148193|161.5
2494561.8
942862.3
4083162.8
1797763.7
1004064.4
2950664.7
2430365.6
5566766.4
6610066.7
56674|APBB2|1 30805|tbc1d1|1
45018|APBB2|168.3
530069.0
1720169.3
4096469.5
1043471.2
3601974.9
606676.0
5679679.7
3803780.6
684980.8
5289781.6
21105|tdrd7|183.1
5202983.7
7617884.3
1068984.4
23201|SVEP1|784.8
924785.2
1320585.4
22950|ppm1k|186.1
752986.2
6031487.2
3045687.7
17220|tbc1d1|1/989.0
28424zgc:153957|189.7
1817591.3
5766792.4
1866093.6
19613|LG1/1294.1
7052994.4
36727|E95.6
17096|E96.1

6115499.7
5419100.6
9126 8028101.5
33463102.9
21433|fry|20103.1
6192103.2
58613|sgcb|20103.5
58097zgc:103421|1103.7
21654|E104.1
23490|E104.4
14121|slain2|20 10048|fryb|10104.5
43206104.9
44281105.6

LG4
53459LOC557921|30.0
750324.4
33474.8
478695.5
598615.9
30381|nfatc2ip|36.4
63955 58253zgc:92040|12
19826|ccdc101|36.5
49848zgc:76940|126.6
34479|cldni|37.2
4176|cadm3|28.8
16495|E8.9
3516|E9.3
508811.2
6336611.3
113912.0
7699613.4
360813.7
26672|B0S635DANRE|25 861914.2
9640715.2
46746LOC566745|724.7
10197 20796zgc:123304|224.8
908325.9
483226.0
1564426.3
7063928.3
3175529.4
24826|JUB|729.8
68573|ch211b196f5.130.2
1594430.4
24409|cideb|730.8
49351zgc152732|231.4
4930332.1
43564|mapk3|332.4
128132.8
8211|cideb|733.1
5084833.2
12348 177033.5
19455|CHD8|233.6
26805|rnf40|1233.9
4671834.2
32172|prdm9|1234.3
6897934.5
582234.9
44666|cxcl12a|1335.2
1251535.5
22454 978836.0
7491|E36.8
4402|E36.9
1854737.5
2148|vmhc|237.7
1306138.5
3636038.7
7828240.4
58241.1
3503143.9
5969zgc:172281|1344.6
10793|E46.6
498046.8
59363|B8A468DANRE|1347.1
1816447.7
3143348.2
10578|E48.5
989648.8
3459|SEC31B|1749.0
2667649.2
898749.3
3328|hif1an|1349.7
13048|zgc:162303|1349.9
6862250.5
3828150.8
1181352.1
16111|LG12?52.3
38253zgc:63561|13 4670752.4
4872|kif11|1752.8
13751|kif11|1753.2
43644zgc162603|1353.3
545353.7
950454.4
6435355.6
4113755.8
1978556.3
1152656.6
2332457.1
2154957.6
23980 75657|nolc1l|1358.4
2978458.7
5598259.7
47586 29658|cdh23|1360.0
747160.2
3974660.6
39654|TACC2|1360.9
6929|slc25a28|1361.2
21719|lrig1|1161.3
5723961.6
44940|E 225762.1
3665962.5
4050363.3
590463.8
53078zgc:153646|1364.9
50116 31011zgc:153646|1365.1
10946zgc:153646|13 1674865.5
1280166.4
784|E 11863zgc:92254|1366.8
50037|sec23ip|1367.3
1318668.7
6207869.2
66033|E69.6
43931|ldb3b|1269.9
9001 52614|E70.2
4406570.5
291670.9
48825|LG2371.0
433971.2
5573zgc:162873|1171.5
42708|SYNPO2L|1272.0
48872.1
1860972.3
25623zgc153887|1172.6
6394173.2
694|E73.7
920674.6
25510|CCDC66|22 19682|GalNAcT2|1374.7
23299zgc:113421|1375.2
1563775.5
782075.7
4657|dag1|22 1253476.0
5912976.4
2091976.7
8007477.1
5379177.6
41131 33423|LG1178.1
5599778.2
19746|GRM7|2280.0
5254380.2
9836580.3
68637|E81.1
6020 60102
3241|AFAP1L2|1281.5
22937|mcm2|2281.6
32222|add3a|2281.7
1554682.5
2928083.7
5221684.3
8815585.2
6123985.6
8815185.9
53686.2
49749 32284
60407|gmppb|2286.4
63743|ZXDA|686.5
1228486.9
4103687.1
7570687.3
6322188.7
2300488.9
5437089.3
7542093.2
14645|E93.8
12610|E 33137|qars|894.0
41416 787894.2
3435594.3
38970|E94.4
45618|celsr3|8 32994.5
22698LOC555761|15 7940|BRPF1|894.7
6050895.0
6664595.3
1416zgc:136971|896.1
4672496.2
31553|LG2297.4
58747|E97.8
34989|prkcd|698.3
10600|E99.4
69288101.1
19449102.6
9026103.5
2224|sfmbt1|11105.2
61131106.4
8465106.8
36673|BRPF1|8106.9

LG5
54820.0
299030.6
676841.6
306943.0
338928.3
52470|pabpc4|178.5
159998.6
38119|ch211194e15|198.7
41534|csmd2|199.6
4065210.0
68261|dspa|2 66428|col2a1a|810.7
3968|hcrtr2|Zv810.8
20717|col9a2|1911.0
62945|E12.1
32849|E12.8
39747zgc:103571|1912.9
39764|E13.1
5885414.6
4127014.7
12497 51887|macf1|19 66995dkey221l4|17
712615.0
75715.1
6543415.2
2894916.2
8098416.9
44821|E17.2
14489 7580117.6
6112917.7
362917.9
28092|PPP1R8|1918.0
16439zgc:194983|16 25027|L3MBTL3|1618.1
936818.2
14278|PPP1R8|1918.6
32413zgc194983|1619.0
512319.1
41612 3233520.6
25372|E21.7
4558122.1
56842|ctsl.1|1722.2
2713623.0
55752|eya3|1924.6
66114zgc194983|16 44985|E25.4
1959726.1
72339 4545626.9
7702427.8
46415|E30.1
26757|tmem222|1930.7
41355|s1pr2|3 14046|fam54b|1731.1
53757|s1pr2|331.2
2702031.3
2259631.4
4005631.5
2491531.6
1722531.8
2995332.1
25042|wu:fk86g11|232.3
5544232.5
5442832.8
3235233.1
60955zgc:172216|133.4
43759|tnpo2|3 20784 41132zgc:172216|133.5
353333.9
86434.3
22325 776234.8
6913|E34.9
53944|E35.0
67108|E35.1
46550|cacna1aa|335.3
11018 27260 24236|clpp|335.6
10902|alkbh7|335.9
1994|gpr107|536.1
25246zgc:158335|24 2630 3051236.8
3571|TYK2|336.9
3926|TYK2|337.0
57598 63137.1
1169237.4
21627zgc:158335|2438.2
4712840.0
66306|DOCK6|340.5
861240.9
1919 51316zgc:153554|641.0
2778741.4
6966|E41.6
50744LOC796739|141.7
5271141.8
972642.1
586042.6
49526|Zv8_NA 40238zgc:101768|21 7038143.0
44138 35 4328543.3
13710|slu7|1443.4
12476|hspa4l|2143.7
775643.9
380944.3
31824|E44.9
32482|pcdh2g29|1445.2
74507zgc:63577|345.3
31467|diaph2|14 33646LOC567566|1045.6
1408446.1
8050 35028 19054|pcdh2g28|1446.6
2631046.9
4349547.2
3709147.4
6260548.8
21849.6
55485 463750.2
2150750.8
71891 38364|E51.3
649152.1
33766|pcdh1a3|10/1452.2
684252.3
4882853.4
255754.1
17686 6683554.9
1171655.6
224456.3
25526 3075|rnf145|2156.6
154957.6
2625558.0
1729458.6
7090958.7
35645|smad5|1458.9
3411959.3
47543|KDM3B|1460.0
8025060.8
38616zgc:171911|2161.7
448662.0
3894LOC557199|14 2766262.3
36744 1109563.5
28638|ddx41|1464.4
4331665.0
6030065.1
2578965.8
29892|hdac3|1466.0
1139566.2
715|E66.7
3916067.7
25521|E68.4
6688568.7
340568.8
778369.0
6976669.2
9647469.3
6352369.4
64214 65250 72399
48146|dnajc18|2169.5
81486 15480LOC568556|14/169.6
35078|E69.7
6968769.9
28305zgc:158426|14 55565|pde6a|1470.1
2675874.6

LG6
168390.0
89340.1
211081.3
7499 8991.4
158582.4

699525.2
147505.5
9722 306376.3
17564|sptlc2|13/178.2
6072|E11.0
21342|E11.5
7550513.2
24003 57442im:7147183|1714.9
7485 480215.4
1301 4592415.5
53971|E15.8
35306|SPTBN5|1716.4
621416.5
14700 18197zgc:66299|1316.6
3147416.8
19617|E16.9
38694|E17.2
62098 763717.7
2367917.8
5388 4200818.4
48055|E19.2
34066|E19.3
25741|E19.5
94465 70200|wu:fb77g05|17|20.0
737820.6
27811 402020.9
10463 19952|nedd4l|2121.3
282521.5
24751|npc2|1721.8
26932|E22.2
1102|E22.3
2572522.9
3513723.1
2261023.6
5693224.2
877224.4
2466924.7
4052|E25.7
1337026.1
7337|hsp90a.226.8
29967|E27.2
2784628.2
5773128.3
20545|POLE2|1728.4
6158428.9
47083|E29.9
4916430.5
1679230.6
3598530.8
2869331.2
5609532.6
41146|E33.4
73140|nin|1334.3
1696335.0
627336.2
4765637.1
5739538.9
5339239.1
7829739.6
4239240.5
3013541.5
1847342.7
29778LOC100005732|2043.3
7773243.8
763044.2
5041844.4
7652144.6
28585|E44.8
10167|E 30751LOC796283|244.9
1073745.5
4596446.1
9532 1145546.4
725 9543 373
47207 44989|LG25? 21835|pcnx|13
28958|pacs2|13 64156|numb|17

47.7

18462|VPS39|1747.9
1988|E48.5
5120748.7
1857948.8
5770049.8
5376950.0
78670|zgc:100799|1750.2
4948050.3
70758 4011951.0
40881|E51.6
1542152.1
3225953.0
1596553.1
3090053.6
6565 7182154.5
68014zgc:174917|1454.7
38586|E55.3
10331|E55.6
2060556.2
6219856.5
24822zgc:56134|556.8
8041357.0
1151857.1
4404857.9
4158258.6
168859.2
871159.7
846961.0
8045561.7
3138562.1
2728zgc:64130|1462.2
18221|otul|2162.4
35042zgc:136763|7 27891|E62.7
1871462.9
2836363.1
643163.4
43568|E64.5
53770|E64.7
7005965.3
3747665.5
262566.2
4829 1081066.3
5394066.4
2694866.5
7720 352769.7
5735269.9
260570.5
1736071.0
2043371.3
82471.6
5198371.9
1335173.0
69879zgc:172056|14|73.4
18001zgc:56134|573.8
2301574.5
15675|atp11c|1474.8
3922975.4
18546|E75.8
6958576.3
97676.8
65138|med12|14 21543|srpx2|1477.6
33392 457277.7
1820178.4
22933|E78.5
1515479.8
73430|mid1ip1|1480.1
3731880.6
73436|E82.0
33330LOC100002619|14 4611383.4
2950784.2
2066085.4
3848790.8
7225590.9

LG7
238720.0

42362.1
213592.7
145533.5
5727LOC565752|254.3
1989|E4.7
22925|E5.0
18515|E5.3
460666.2
63428zgc:85975|46.4
15356.8
14765LOC570940|22 54916LOC572151|47.1
60467.2
7215 19401|LG47.8
23979.3
62780|LG49.7
17199|E10.2
3208310.3
47810.6
5467911.0
53316LOC568010|811.7
51455LOC568010|8 37500|TM7SF3|411.9
25055|lrmp|4 1407512.0
13157parvb|25/na13.1
3452213.4
549614.5
7977114.8
34543|cyp3a65|115.3
5789|E15.6
31730|E16.4
263417.5
15377|cmas|418.3
916918.5
3905919.5
34126|DNAH3|2419.6
395019.9
20307|E21.9

35594zgc:86905|423.6
2626723.7

51627|E26.0
4727|E26.8
4778327.9
6261728.6
49151dkeyb48h7.2|428.8
15615|E29.4
13823|myh9l1|330.4
11982ch211b239h19|430.5
725731.1
18354dkeyb202b22.4|431.8
22308|cyp3a65|132.1
2400832.6
6814333.8
24909 30107|itih2|434.2
7100934.3

2215836.0
5723536.3
5397|E37.3
45115|E37.7

448738.9
36431 2593dkey270i2.2|18 13221
43123|crim1|1740.4
4785240.9
11967|LG19/NA 5114541.6
3424041.8
6375242.0
1527443.2
1049643.6
42075|E44.6
11908|E45.0
664446.6
19859|dhtkd1|2547.0
23730zgc:175264|1147.3
984649.2
698349.4
5434749.9
36990|E50.0
17925zgc:113363|850.3
388 27945|LG650.5
2374451.1
21318 22350|arid2|451.3
37700|E51.8
5027 12306|E52.0
3414352.4
39443 60920LOC571208|452.8
30813 8056 34568|bestrophin|153.1
77023|E53.4
452954.4
1951854.5
22027|E55.1
43340zgc110270|NA55.4
437156.0
1831157.3
22257.4
355858.4
5193359.0
2646960.4

59272|E62.4
2921262.9
21119|MAPK8IP|1863.7
38975|LG464.3

18286|cep290|25 11726|LG2565.8

2559767.5
2695467.7
4582367.8
50677|E68.3
644969.5
5780870.4

3969371.4

397473.1
1760673.5
7401873.6
2702474.2
5588 75263 33805|parp12a|1874.9
7978375.2
547575.4
29276.4
25851 4142977.5
6023078.4

11502|E79.6
137979.9

6557182.4
23673SLC37A3|Zv8NA83.3
67787|E84.0

2695585.2
2078085.6

34839|PPFIA3|387.1
4408088.0

114889.7
4740390.4

247491.5

73252|dgkz|7/na92.9

1071494.8

39602|E96.6
44382|rcn3|397.2
3518997.5
41104 12864 25277|nosip|398.3
323198.6

LG8
162640.0
89498.9
1707110.7
93 1203111.8
1714412.2
40277|E15.1
2323916.4
65 1517217.1
3195917.2
87917.7
21473 2511518.7
3239818.9
22433 10348 274119.1
5423 4507 34558
33705 45745LOC796283|2 7489
24077 47910|ankrd12|2 38888
4147 10418 24728
11541|cpa6|1 29183|im:7138204|NA 11262
25616|ncoa2|24

19.2

2880719.5
3139420.1
412 57605|E 23944|E20.2
1341020.7
3304322.2
38857 2211922.3
50222.8
1854423.4
1434825.2
45894|E25.8
22928zgc:123256|226.4
37231zgc:123256|226.5
50571|E26.8
26436 23534 936327.6
1098429.6
12023 5142 25551
1427229.7
3334230.4
1628130.8
5062|dtna|2430.9
1631931.0
997531.2
113431.4
16133|E31.9
951233.0
8878 2120733.1
33118 3046733.2
47550|E 70360|E33.5
35121|E33.6
6265|LG733.7
1786333.8
27853 12067 1845
3017134.2
1930234.5
12195|E 65879|E 1343835.0
4209 32232 14842
25832 1850935.1
58080|OPLAH|12 1735635.5
668 3909835.6
2092 66849|pitrm1|2 24326
7303 3748 38960
41439|pitrm1|2 16342

36.3

189636.6
7696|ripk2|2 51087|kcnh2l|2 25934
72633|scospo|24 10087|scosp|24|5 3955737.1
2200338.1
788838.3
12660 4010 26850|cul1a|2
30065 35222 33638
10188 11051 26023

38.4

1452 9324 7959|E
8091 17947 30349zgc:175152|7
6078 12594 14495

38.5

19524 2644238.6
2434638.7
19041|E 591|E38.8
36401 12903|ttna|9 2779|PRAME|738.9
45739.1
58416|E39.2
33992|LG2 8327 33514
23098 1429439.4
28517 2058539.5
1359939.6
35223|E40.3
54478|E40.4
3253740.6
1196940.8
566841.6
1309842.1
25455 3836142.9
2037643.1
1381943.3
665943.4
7638 27294 3037943.7
23140|spag6|2444.4
1728544.5
2706644.9
30845|LG9/6/1145.3
1304545.7
3162946.3
3067346.7
401547.5
2016 792147.8
2595348.0
2250348.3
78641|E48.8
1385849.6
10572 453450.3
1300650.4
5407 3631050.5
1029650.6
15330 419952.8
3297752.9
3745954.2
2685854.5
2086556.2
3710256.7
861457.1
3819457.2
2419157.6
1734858.2
20913|gtpbp4|258.9
792261.9
869063.3
25251|mll3a|2463.7
2456766.3
33347LOC563615|20 7248 8180zgc:171831|266.6
1938768.6
11030 31417 33336
554768.7
2146271.0
167471.4
33297 2347171.5
3159771.6
37767|E72.2
16687|E72.8
56969|tbc1d7|272.9
39757 34845|DNAH5|2473.4
32120|pigmLG2473.7
24664|E73.9
2622474.3
33098 6588 38701
974 37717 15712
5867 34714 5430
10502 38925 29218
32810 28485 27735

75.1

17789 35480 22375
35842|MARCH6|2 23192 164|pdcd6|13
34296 61780|pdcd6|13

75.2

25680|E76.9
22383|E78.2
3376378.6
1779479.0
2176279.2
3909|mtrr|2482.3
16559 31738 31213|wu:fa95e03|24
336782.4
12946 1136 2923382.5
3717482.6
1130284.7
3832785.0

LG9
30963LOC100148605|3 29675 23228
171080.0
14719 20618|rsad1|30.1
3118|utp6|60.2
25210LOC560670|3 24794LOC560670|31.1
140302.0
29436 14200 167643.1
195103.4
34454.6
15262 17099 95785.0
163528.4
40534|arl16|3 14089|scpep1|312.8
39645|COX10|1214.4
2360214.5
47682|myh11|6 11849 9182
6767 63914.6
2880915.4
2381615.7
365116.2
112LOC561852|316.8
3624517.0
15804|pcnt1|317.6
3062LOC100148088|1218.2
19045|myh11|618.6
13354|E 72632|E19.4
13879|E19.5
43887|ern1|319.6
30709 3018919.7
7108 20503 17718
32625 28356 34848
23539 11413 19697|tbc1d16|3
19924 2217 34103
23394 77627|hgs|3 37586
3360 7868 12191
7197 4014|cox10|12

19.8

1204220.5
4117 68497|AATK|321.0
29652 1130322.2
56247|E24.4
26335 1451824.5
42354|fasn|12 29096 52190LOC561766|3
26777 1460824.6
39445LOC563634|324.8
2839725.2
1273|LRRC45|1225.6
8581 422926.1
2516026.2
25158|arsg|2126.3
27694 1977326.8
12564 29532 2586227.0
1557827.1
411627.7
3530 2364429.9
927630.0
3180431.2
3002031.5
57422LOC793701|3 2586531.8
1734331.9
6188|IPO13|2032.3
48403zgc:152769|20 3431032.9
21645|rgl1|833.4
1244933.6
1126034.2
20235 39967|GRIN2C|1234.8
2210335.2
743635.5
3901737.7
862038.6
17536LOC100148604|239.0
25792LOC565697|1239.3
36202|E39.5
1719040.8
1804841.0
25176|cth|641.2
2215|E42.1
561843.0
27099 7333 22246
4375 79843.7
9962 5808 28174
2260943.8
39589 1052043.9
40081|bcar3|8 8697 30014|fzr|244.0
20222 1577844.1
3493 2269344.2
3171344.3
8705 20721 24237
21230 23275 9838
5773 22565 35890
14816 38318 24093

44.4

8007|E44.7
150044.9
42150|E45.3
142645.4
41765|ch73b38p6.1|2 1809145.7
30209 846845.8
9608|E45.9
231546.0
29901LOC793086|2446.2
2885146.3
1488946.4
2698246.6
271346.8
26859 3071646.9
53738|ASTN1|247.0
37434 17093 3377147.1
37462 33523 13301
516147.3
22020 2409447.8
32648|fam73a|247.9
2435348.0
115048.4
51672|ZFYVE9|248.5
24134 832448.8
3392148.9
1829849.0
44902|CC2D1A/LG249.2
33725|E49.9
36164|E50.1
45184|cyb5r2|2550.2
1273150.4
45219|TOE1|250.9
17828|E51.1
51988|E51.2
17393|dab2ip|252.6
44258zgc:171487|2 27325 4590
3186155.0
328155.1
48002|E 2973055.4
28703 968355.8
562555.9
23 1773756.0
17922|E56.5
3097957.1
31410 10922 55807|wu:fc22f12|6
41532|lrrc8d|6 10194zgc109982|657.2
37826 16339 33477
19277 205257.4
9106 72264|faahLG6 2721
23987 1928057.6
1444957.7
584957.8
76061|LG2 9216 3873558.4
20937 44574|ZSWIM5|2 2187759.0
1448259.1
37797zgc:112397|361.6
51865|E62.0
26886|E62.1
36159|E 2955762.9
22129|E63.9
53619|E64.4
59081zgc:109982|665.3
1302666.5
403869.6
300069.8
94269.9
1075770.4
1216270.9
9742 265 2162571.9
3260677.4
58942|LG2080.7

LG10

346630.0
389381.0
176621.7
51732.2
19867|E 3723|E5.9
7584|E6.0
91136.5
21456.6
243816.7
204217.1
11814 15258 2422
285757.5
258438.0
218728.1
13511|tgfbr2|16 8956 136698.3
13385|smarcc1|168.8
188339.0
363729.1
351069.3
30887 250039.4
20689.5
33264|LG189.6
4807|E10.3
43381|E10.7
3539111.2
2332811.5
2170011.7
74930LOC796283|211.8
20112 1819311.9
832512.0
32360 79573LOC563623|1912.9
27343|setd2|1613.7
3215514.1
50193|jarid2b|1914.4
692014.8
2469614.9
35699dkey222b8.4|1915.0
3367815.3
3260115.4
36194 2640215.5
3230815.7
22062|E15.9
98016.1
3879916.5
1059616.8
704717.0
2372217.1
2656717.3
26072 25237 5617
1645717.7
36504|E 35536|E 41547|E17.9
26528|E 19061|E18.0
47042zgc:63863|1918.1
15656 3779818.2
3712 14373 3266218.3
32714 2321018.4
71139|E18.9
1238119.0
4195 37146 12393
28373 3985819.1
3390|E19.4
65069|E19.6
10557 15027 38895
14026 14675 3741
15241 35671 33861
18704 17242 39969
16375 27531 6662
13736 29787 17322
11122

20.3

2247520.4
1681 15549 35093|macf1|19
39630 880620.6
4133|E 10695 1878320.8
28344|E21.1
8203|E21.2
607 14960 18247
2798921.3
60062|ngfr|1621.4
22049|E21.6
39395zgc:171416|1721.7
310021.9
3445222.0
1215522.1
10865|nos1|5/1522.3
20781LOC563393|19 670 21647
13623 3029822.5
2915123.1
3384823.3
24534|LG16/1923.8
3765424.0
32421|mylipa|1924.3
922624.6
2102925.0
1852925.4
17481|E25.7
3466025.8
1307425.9
2973726.0
897626.2
15866|otof|20/1726.5
28459|E26.7
3061|ndrg1l|1627.0
70575|RECQL4|1927.3
624629.1
37896 2393029.5
28285 17861zgc:153436|1929.6
2606030.4
24992 2787230.5
2414031.1
39564 28393zgc:171801|16 33092
356332.0
17470|E33.0
55777|E33.1
62063|E33.3
45842|E33.4
23663|E 60973zgc:194152|1634.4
50402LOC560407|1634.5
2398634.8
8148 2937035.8
2981935.9
26594|CEP192|1636.7
616138.0
19621 1764938.1
2436438.2
39490 2451839.3
750539.4
20377 2329840.1
3342840.2
65401|E40.4
37782 10882 15471
15823 25213 3234
18314 19471 6277
6227|ABCB11|16 5253 11041
9572 75066|asns|19

40.5

31968|E40.9
2904141.3
11329 12015 27482
34137 3246441.9
75268|E44.7
57430|E44.8
41596|E45.1
490345.3
2364545.5
34572zgc:103778|1646.6
138848.6
28691 1870648.7
4663zgc:77724|19 12833|LG1948.9
1807349.0
590651.8
14300 10171 21928
34402 2613 15054
30151

52.1

8503 1427152.2

LG11
15063 310180.0
39564.0
218524.1
325388.9
3922zgc:136939|229.9
760|E 54550|E13.2
44167|hspd1|913.7
10042 8517|epb41l5|915.2
27166 305115.3
44814|E15.9
40296|PDE9A|9 18145|E16.0
19564 4284 9048016.4
4646|kif5|9 19958|stam2|9 28534
29382 3919 32075|LMLN|9
6984 30175 37472
28454

16.5

2449017.4
13946 7202 642018.4
2242618.7
2419420.1
41056|E20.7
28475|E20.9
37907|dbr1|921.2
3185 58079|E21.7
34214|dbr1|9 57362B0UYC9_DANRE|922.0
3205622.1
50517|abca12|922.2
3547424.4
18360 1870024.7
7044 3200724.8
33783|cep70|2225.2
26749|pikfyve|925.6
37760|E26.8
46827.2
28192 3394628.4
3443529.0
38924 3507730.1
18330.7
21572 766731.0
45664zgc:153521|932.1
72531|E 25989|E32.4
21298 36186 8838
542633.2
3791733.5
2275633.8
1751034.4
25785|HECW2|234.7
5493|HECW2|2/2434.9
2914 2435935.1
771735.7
3279037.0
3223337.4
2327338.1
3257938.4
24803 2017538.8
1372639.4
36975 1642040.8
2153|itga6|940.9
3764141.1
1792041.9
612942.2
2842 1251842.3
3620842.5
591442.8
2750943.0
30094LOC557159|943.2
30759|MPP4|2143.3
11606 18453|aox1|22 3430
1325443.7
3433943.8
10235 7447|E43.9
7981 28716|E 20945|E
46312|E 46470|LG944.2
43389|E 13260 45496|SACS|15
23468 26764 7017|casp8|6
9489 10170 13419
17846 13784 28013
35602 24698 23338
17493 20906 22107|col5a2l|9
1768 17921 469
35593

44.3

39921|LG5 12814 13149
2482544.4
518844.6
10551|E45.2
38337 14467 20145
118645.4
35585 1445.5
321745.7
193346.5
827847.7
63848.0
2305748.8
12553|gtpbp1|3/2249.2
37345|E49.8
21070|E50.1
5533|E50.9
25575|E51.6
49421|E52.8
604854.3
3115654.9
1292455.1
2499956.9
3273657.3
3475057.8
3775958.3
570zgc:112178|1258.4
837559.6
3876759.7
2003259.9
25130 28472|gga1|660.3
389960.7
523860.9
37121LOC100150913|361.3
49388LOC799889|362.1
46355|myh9l262.2
21367|E62.6
50398|myh9l2|6 13189|ankrd54|362.8
8651|E63.1
11893|sept3|163.6
28823 19290 14840
29834 62558||st13|3 6395
32418 16013 36172

65.0

33753zgc:154097|366.3

LG12
13264 133490.0
153700.1
263202.3
356782.8
341533.1
37110zgc:158371|33.5
30839|eif2ak1|124.3
62884.4
370344.8
176745.2
44951|LG36.7
34865 35614|eef2k|12 16217
863 13862 230447.2
31469 81487||pms2|127.3
10414|E7.4
62415|E7.5
2343|kdelr2l|12/37.9
603|Mgrn1|38.1
1243 91988.5
120718.6
145728.7
20097|DNAH3|24 13359|DNAH3|248.8
44282|E11.2
3639611.7
850411.8
2645512.5
668512.6
123912.7
1133113.0
1738813.2
8413.5
4355LOC797939|314.4
57589|myh11|615.0
1354817.2
10264|KIAA0430|618.1
21744|pmm2|118.7
1937319.1
2566219.2
18967|usp7|321.1
52192|smg1|322.9
19691|smg1|3 1583LOC797939|323.6
12111 29042 11492
611825.3
19118|SYT17|Zv8NA25.7
3007925.8
3807926.3
32547 3087926.4
46586|arhgdig|3 976326.5
2056427.4
25103 3428427.6
853928.2
36618 700628.4
2871428.6
2597529.0
1694129.3
3197730.6
2131632.0
423832.4
47267|E33.3
59845|E34.0
75039|E35.6
34498 1711735.8
43601|grap|1035.9
18347|E 2109836.7
32712|vmhc|2 691136.8
4066 30034|hagh|3 29330
33652 5336 27836|vmhc|2
15000 3868 36747
17826

36.9

2412237.0
2551237.1
32026|E37.9
15203 48597LOC564487|339.3
36157 20166|C16orf28|3 2723|gnptg|2439.8
7813|E39.9
77793zgc162318|2440.2
34206 23614 30890
423 32759 37382
26112|stub1|24 2662 13792
23549 20088 5073
10686 23562

40.3

50019|rhot2|2440.5
81414|rhot2|2440.7
31263 17884 3700542.3
1314742.4
54499|E42.9
50676|E43.1
8783|E43.2
3394|smcr7|1 8793 259243.5
29310 2074 2976144.2
22242 2027545.4
7157|spag9|345.5
285545.8
29435 3947.5
27849.0
308649.2
805149.3
37656 36678|TTC18|349.6
899750.1
8173 2383 32488
4717 2913850.4
22123 228050.5
917 1216550.8
49522|E50.9
3714951.4
31470LOC571928|2251.6
30385|trap1|352.1
3339653.0
31758 3457455.1
2830855.2
1919756.3
50641zgc:92151|357.2
453258.4
27739 3886559.4
42870|ints1|359.8

LG13
109110.0
328241.5
34386|MCF2L2|112.0
308674.8
220084.9
54205.7
73076|E10.3
46254|PIK3CA|1110.8
9862|PIK3CA|1111.0
15462 37945|commd2|22 3315312.1
12334|E13.1
3298614.0
7072 972014.4
27059 7171 1734414.5
15577 12115 15843
6329 16031 19498
39339 29653

14.6

26620 22639 9555
3933314.9
8594|serpini1|1815.0
37275|dlg1|615.3
884215.6
28055|farsl|1515.9
1673316.0
223916.2
22582 3544818.0
1593918.1
39448 1635019.1
2553619.5
35703 19379 24414
80276|LG6 3878820.7
2788021.0
125021.2
29922 1856121.3
49905zgc123017|1522.8
912123.4
3335025.9
27397 1260327.1
7168 3075827.4
27878 2020927.9
28897|E28.5
22553 38892|E 39206|E29.8
14072|boka|630.0
80736|E30.1
1716831.6
3513232.7
18958 12356 24616
9670 8709 5492
14795|cpb1|24 11309 2614
23631|atr|2

32.8

1110932.9
2472934.0
44555|E 7637334.5
3374 1085 15015|abcf1|19
19416 3924 29166
1288

35.1

46201LOC556876|1535.8
57120|E 57412|E 67587|E35.9
22464 11517 27873
4666 620836.2
3765 17170 20110
10655 17268 20759
37076 11166 2477
49656LOC568103|15 16435 16444
16640 4089 19755
31783 26312|sept10|9 7821
23005 15967 6102
2051|rabep1|5 16816 8426
6446 5925 21585
37948 6396 12395
1114 37224|sept10|9 30837|tbc1d23|6

36.3

56145|E36.6
1856636.8
225836.9
3074637.0
1348LOC100004411|1537.4
551638.1
32357|E 52616|E38.5
1438438.7
47461|E39.0
73627|E 14965|E39.1
25932|EIF4G1|239.7
11404zgc:109983|141.9
3832842.2
3250842.8
2878443.8
2206|or101b1|21 1167544.5
269046.2
39966LOC559281|1546.7
3665447.5
2150249.4
27961 3148450.8

LG14
53740LOC1001481280.0
112080.7
135630.9
22250 2907 21800|retsat|31.4
135771.5
26470 14514 321231.8
196802.5
299373.5
239564.0
12909 321914.1
168325.9
37412|atxn7l3|36.4
16507 341357.2
24889zgc:174712|228.6
183438.8
16872|E8.9
36467|E9.0
30273|E 54675|E9.3
32778|nmt1a|39.5
31691|E12.0
30622 6398 16346
9952 15184 22401|lrp|12
67364|gfap|3 18243 10023

13.3

16086 26344 7325
29999 36696 34438|spop|313.4
28783|gfap|313.5
8192|LG2/1213.6
22981zgc:92337|2414.4
2547814.5
28849|rpl27|314.7
21128|aarsd1|1215.0
39212|E15.2
526015.3
1499415.5
1332015.6
323815.7
6944|RUNDC1|316.0
628416.1
36535|gosr2|316.6
6300 12072 31743
2906817.1
13721|hsd17b1|317.7
17654 23557|fkbp9|1918.2
3319018.6
1863|E18.8
42128|stat5.2|12/318.9
2505219.1
16851 18743 3391319.2
38400 2289 13770
774919.3
3794219.5
22856|E19.8
1071821.1
2962822.2
33147|top2b|1922.5
47199|LG19 1622023.0
27344 25094|top2a|1223.1
72823.3
2374123.7
2322924.0
39672zgc101654|12 76929|E24.5
3275424.6
984825.3
1921925.4
2775026.1
1363226.2
25048|E 3170 19946|E27.9
562628.2
47026|E28.3
6224|E 15591|E28.7
47291|E29.1
31772|E29.4
1067230.5
2431731.1
36968 1926031.2
29840|itga6|931.4
10303|E32.2
46116|E32.6
1565132.9
1489|itga6|933.6
14203zgc:63736|333.8
1837633.9
15905|itga6|934.1
1555734.3
29792|cbx1a/b|3|1237.2
26702 56071|E37.3
3035238.1
3315 46433|psmb3|6 2395138.4
35883 3481038.5
14049 45799|ccdc49|2 1645238.6
34393 55179|grnb|24 2952438.7
1780939.1
12678|osbpl7|1239.8
520840.6
37821|E44.7
44832|LG2/2444.9
1805746.4
605447.8
34035 2246249.7
3119250.3
14570 388950.6
2788651.3
57765|krt15|1151.9

LG15
61280.0

326772.2
172113.1

300095.7
7495 49085|adss|136.7
55228|efemp1|228.1
38699 11459 368549.0
72703|E 13880zgc:123116|229.5
36167|E9.9
72126|cep170|6/1310.1
23361|E10.6
1178110.7
36593|E 65274|E11.0
3287211.1
16532|E11.4
31601 2118611.6
51792zgc:112095|22 675211.7
53467|E 39450zgc112095|2211.8
5591zgc:136497|13 2941812.3
39640 1499712.4
1192 5961 38537
9989 1264 74674|capn9|1
9869

12.5

36138|E12.6
36350 10187 4434
7151 21463 25630
27852|dla|1 10838 6016
6459 20981 16925

13.7

36475|NP_001038494.113.8
3649414.5
2259314.6
10736|E14.8
50654|E17.2
34538|E17.3
32646|E17.6
29929|ANAPC1|1319.3
1051320.3
1329221.2
2030822.4
1778122.6
3292222.7
34528 33405zgc:66299|1323.1
2197423.4
2703423.5
1774923.6
6754|E23.8
29894 2253725.7
1173325.8
34549|im:6908224|525.9
46190|arid4b|1326.8
2940026.9
36726|snrpb2|130.3
1159531.2
25873|plek|1331.4
3402 1084032.5
21516|E32.9
17838zgc:195037|133.5
70524zgc:195037|133.6
87333.9
7265|E34.2
24770 15724|asb3|1234.9
29206ch211b101n13|1335.1
915235.5
1728636.6
3062137.1
3735937.7
66679|E38.3
15249|E38.4
381339.5
1479 17396|LG1241.5
925141.8
1731942.4
2889943.2
555143.4
37685 3676846.1
2116749.7
3560449.8
20174 5645 8898
37179|Zv8_scaffold 36250 33643|CUL7|13
34429 32871 38071

49.9

1798651.6
53881|actn1|13/2151.8
22018|E52.0
59926|E52.8
19655|E53.3
45256zgc:163080|1353.7
7305 1885154.1
2924254.2
12073 1945254.3
2501|nvl|1354.7
47588|nvl|1354.8
2741855.1
14687 1544856.4

20052|macf1|19 17586 22042|gclc|13
22778 2286359.1

2329160.2
2101061.2
33145 2136961.3

LG16
369970.0
115770.3
269380.4
381520.5

329217.5
163098.6
32018 155488.7
278969.3

22300 2648312.4

11640|E 64203|E14.5
10287|f5|915.2
1881416.1
1048717.4
31965 1676017.7
770517.8
394717.9
612618.3
1397218.4
21427 20310 22821
3192 28245 1615720.3
810120.4
598521.1
2882421.2
12335|tm9sf2|1 3919023.7
946523.8
9050|E24.4
3304725.2
2678126.9
2209627.0
11074 33003 11377
28114 2877 27306
21124

27.1

28474 2227827.3
3113727.4
3086328.8
36480|E29.0
7004 1570229.1
895|E29.3
2795 25988 3631
25104 63486|cbr1|129.4
39754|dopey1|1629.9
886130.3
38326 228330.5
61734|E32.5
58169|E33.8
55376|slc9a7|6 2860 2971634.6

3698537.1
2076437.2
3773437.9
3800239.0
44674|inpp4a|9/6 10593 1521339.2
1126339.3

24806|E41.9

3383|sprx|943.8
3803343.9

15765|E45.5
1706846.1
2938047.2
8462 28007|LG447.4

42087|tubgcp5|6 29226 3575949.9
9818LOC568797|1651.9
1883752.6
52980|grk1a|152.7
2251052.9
2895753.2
3764053.5
17172|E54.4
3572255.1
38966 39010 30077
13882 999 29536
31913

55.2

1901855.4
1754455.7
9622 39078|ezr|20 20253
19557.6
38559|E58.5
30561|E 5008|E 7670|E
1864858.7
2041859.4
3747 19502 34705|dmd|1
11104 14145 25533
39501 25087

59.5

20473|E61.2
24899|E62.2
7861LOC792620|962.6
3136163.1
14015 29678 666363.2
12825dkey208b23|864.0
31998 1508264.1
391765.5
32730|NP_001153138.167.5
34729 2943068.5
70271|rad54b|1668.7

LG17
73660.0
57471|LG2 34247 30021
7220 134671.1
289271.4

131154.8
193765.1
127535.3

1332|E9.8
63|E10.2
2638511.3
38404LOC795041|612.1
198312.5
1349 2838112.6
3606412.7
3589113.0
1508113.2
1643313.3
21663 10244 4681
8268 2726313.5
18199 6228 8930
1094213.6
2035413.9
79219|E14.3
6974|E14.4
38976|E 13601 3003514.7
1360 33503 14792
2959815.8
1511716.1
28402 3831917.8
2401320.5
41500|E20.6
49326|E21.2
305721.5
22058 2388421.6
215921.7
5570|E 14440|E23.2
17148 2898023.9
4546|ncoa2|2424.0
46258|smyhc3|24 1143524.8
230424.9
2222425.1
45440zgc158828|2325.4
62640|E26.6
1459|lama5|2327.9
61348|E28.2
26588zgc158828|2328.5
27854|E28.7
2203529.3
1089LOC795534|1130.6
216431.2
3488631.7
1673832.0
2748032.7
11232LOC797906|2334.2
32925|E34.5
758034.7
415535.0
14221LOC570014|2335.4
13664|E35.9
34739|E 4427|E36.4
19356 1769|E 3919236.7
3877137.0
410537.4
7627 3517237.5
22543 3653 26941|slco4a1|23
12685 32428 16857
37414

37.6

72875zgc:92392|638.3
35179 19258 18821
3669538.7
11655 39479 17657
647038.8
516939.0
5125|rbm39a|11 3082139.2
2033839.3
38679|rbm39a|1139.6
2261439.8
1436540.6
31634|E40.9
20690 1441041.3
11167zgc:123190|6 107841.6
3759|E43.5
16040|E44.1
3683344.6
48920|rbl1|644.8
1598745.6
276045.8
2702|ctsa/LG646.1
426647.6
3965550.4
18629 2070053.3
60053.5
1094554.7
1941156.1
3311756.2
288356.3

2279360.9

LG18
121 37710.0
7350 164920.1
97801.3
310763.3
36526 43697|acer1|84.8
187796.4
28936.7
17890 114746.8
331777.4
24494|E7.6
3042|E8.0
13452|E8.8
9988|fzr1|8 18345|E8.9
2459.5
23828 233099.8
1969|E9.9
16754|E10.5
22799 1354711.3
3670311.7
22249|ifi30|2 6718 2783111.8
19809 21031|ifi30|212.1
3587112.8
286113.4
14149|LG1114.2
2513214.6
3164514.8
2053716.2
2229116.3
1981316.4
2014616.9
1682317.2
1853818.0
55450|E18.1
50916|E18.5
30726|E20.0
2430221.0
2648722.8
2963222.9
430923.0
4157 589823.1
61382|neurocan|2224.0
32503|E24.5
5946|cilp|2224.9
3565625.1
1888125.3
5362 3327025.4
801225.5
24724|E26.1
1267626.3
65535|E26.6
62668|E26.8
10225|sppl2|227.3
53173|E27.6
36762|E 28617|E27.8
13900 1301928.0
481028.3
38751 1020228.5
31927|fbn2a|5 71026|SBNO2|2 67013|E
25185 10453 39979
7676

28.6

26161|timm44|2229.0
17244 2062329.6
3095229.7
39007 22111 1892934.6
571135.0
1244435.4
3115835.7
1513136.5
221936.9
3857737.1
13372|ssbp4|2237.3
1862337.5
1514137.9
73247|E38.1
3087838.3
14468 2264039.4
521239.9
3274840.5
1290 18650 984940.6
1363940.7
16644|E41.3
626341.7
1992741.8
419742.4
31895 778842.6
1860042.7
3154143.0
3485243.1
28594LOC563806|243.2
21267|DOT1L|2243.4
28973|E44.8
28985LOC564019|22 64486|E 3654645.7
1660dkey94n12.4|2247.4
2277648.5
3328450.0
773450.3
654350.5
56811|gro2|1850.6
9084 3000251.0
17546zgc:101761|252.5

LG19
35800.0
84291.5
269072.6
29254zgc:55395|83.2
44249zgc:63587|86.9
14835 34407 20412
30666 13174 269537.9
33143|mapk1|59.6
169449.8
14299|E11.1
15051|mapk1|511.6
962|E11.9
62825|E12.7
2139113.2
26365 20103 3141
26679 13641 28547
26140 34718

13.4

3107513.5
3212413.7
2623014.1
1538914.2
71055|GCN1L1|1 26053|ufd1l|814.6
27806|NP_00103014415.0
12601 9255 677|pi4ka|1015.1
10494|E16.1
9385|gats|5 1992917.1
1784317.8
806017.9
34592 40852|LG5 1658zgc:110331|518.1
12789 26615 23289
2484418.2
1519718.6
17946|E18.8
2241019.1
60863NP_001030144.119.3
14942|golga3|520.6
67475|E22.7
3045723.2
3770224.6
2756 319925.4
512 34428 61924|DNCH1|5
1452525.5
3891527.0
71046|E28.4
3649228.8
31559|pole|528.9
29287|E29.1
31020|E29.5
4113 9445 1413931.0
1712932.5
24334 311733.1
2393533.4
54881|E 59896|E33.5
3021933.8
65488|setd1ba|1034.1
11929|E34.4
38193 2403234.9
939835.3
3059835.4
46726|Aldh2b|535.6
8142 28505 21829
19543 23320 10696
36288

36.0

9936 3457|morc2|25 17464
26639 2969|NAA25|10 1151636.1
1844|E36.5
1638137.6
11691|rad9a|837.8
2436238.9
49929LOC561109|739.1
45938LOC100006497|1040.7
7022|E41.0
24610|E41.4
1994941.7
25582|rabgef1|1042.0
22647|myo18l1|1542.2
270LOC563377|742.6
65233LOC563642|1742.9
55158|LG543.1
576143.9
2336044.8
3384744.9
4983 14184 513145.7
10989|ap1b1|5 8616 29163
30984 10477 1380946.5
280946.6
3043148.5
11616 49717|myo18l149.3
362849.4

LG20

65038|entpd2a.1|50.0
74438|cul|50.4

45345|angptl2|88.6
2551510.2
752210.4
55802|E12.5
25585|E12.7
2036012.8
25353 17400 1086713.4
24138 1257513.5
13720|E 59807|E 40774|E
45076|E14.0
452314.3
54523|ehmt1a|514.8
34596dkeyb266h7.1|514.9
78751|SLC31A2|21 15719 5568|cobra1|5
2340115.0
17494 20834|tnc|5 2777815.1
64605dkey286j20.1|515.4
13200|E 59683|E15.6
2889216.3
2536316.9
3411217.6
2368 33485|ndor1|Zv818.0
27448zgc:92317|518.2
299618.4
6421|E18.8
16197|E19.0
41881|E21.2
36803|E22.3
11359|E25.0
36367|E 24476|E25.3
19910|E25.7
19689|FKBP15|5/825.9
1246026.3
34450 3083826.5
37574 35795 375726.7
309726.8
3504327.1
2234228.8
2952731.1
898631.3
23791 20573|GARNL3|5 3561231.4
953731.7
1040232.0
44906zgc:55582|2132.2
12788|E32.5
51596|E33.8
26104|sb:cb627|1035.1
1257435.3
754336.0
20292 7656 19347|QSOX2|836.1
3217036.2
78807zgc:55582|2136.6
2123136.8
3162837.2
26480|E37.8
43141|E38.0
958539.5
3119042.9
10381 24067 3288143.1
1284243.5
33269|E44.4
3737944.8
989145.2
44883|E45.7
3785646.0
1614546.1
29926|E46.5
56512|E46.7
9601 2273847.0
43682|gpsm2l|1248.2
18713|E49.1
1052549.5
2474250.2
15708|E53.5
1791554.6
8118|spna2|2154.9
1098555.2
3341055.4
10461 18513|ODF2|8 4541zgc:171891|21
1402 33706 35051
27215 4684

55.7

3803655.8
34271|spna2|2155.9
37591|E56.2
76803zgc152955|556.8
35777|E57.3
453557.8
44660|gsna|2158.3
66007|gle1l|8 13273 31117
18505 210058.5
3448558.6
240459.3
3495859.5
757360.1
3270260.3

LG21
355320.0
12018 38236
107160.3
172760.7
273080.9
6993|gdpd1|15 116311.1
176201.2
123076.3
128767.0
19207|WBSCR22|157.7
72628||bckdk|58.1
39188|ncf1|58.3
22653zgc:64133|108.4
30918.9
53079|E9.1
15911|spns3|511.1
2092511.2
3954 12079
35092 2675611.3
2517312.5
20903 15334
2940312.9
62028|ftr83|513.3
228|CLDN3|21 9840
2241313.4
58102|rabgef1|1013.6
17256 67167|por|1013.7
33359 9455
15306 25449
35918

13.8

9254 18795
11427 35123
20062 27969
16511 13957
19736|WBSCR16|5 7274
726|ppm1e|10

13.9

1371714.0
11947|E17.3
19573|E18.0
26193|E18.3
4214 2321819.3
2912921.1
204821.4
194021.5
1962222.5
2982523.6
45702zgc:101719|1523.9
3750624.5
2142325.3
3658727.6
1262128.3
62364|E28.8
10862|prpf8|1529.3
35995|asl|21 31010|asl|2129.4
42045|E29.5
78754|prpf8|1530.1
291930.5
35248|nos2b|1530.7
19792|supt6h|2133.8
37653|E34.9
1737836.8
2370337.9
57039|E38.2
50993|sarm1|1538.4
2692 8941
23118|nos2a|5/15 1165038.6
2881938.7
105|gale|1739.2
50499NR_023325.1|1539.5
14717 34267
21403 3214439.7
1985 35855|traf4a|15
23548 34563
3413 28031
20056|kif23|18 44734|LG22/4
7463 6086
11251 9107
35235 30221zgc:92072|21

39.8

46672|E41.1
32131|E41.2
32270|E41.5
25270|E41.7
64337|slc43a2|1542.3
985942.7
25770NR_023325.1|1542.8
531843.7
1056545.3
1710946.5
3199547.2
2042648.6
4925 2492149.3

LG22
242450.0
4292.4
287223.1
350605.1
13570|klhl36|186.5
40425|CMIP|18 243226.6
220116.8
39901|E8.0
10787|E9.0
63033|E9.4
1047510.0
336910.3
12019 32885
2746611.1
25633|wwox|25 27402
20650 26893
15587 5870|E

11.2

3133611.4
8216 2973112.1
3292412.2
3635312.4
854012.6
1186813.2
1711513.3
16903|LG2513.6
9513|ck2a2a|7/25 69137|ccdc113|25
16243 49445zgc:91896|2514.5
820915.5
33081|E16.8
45673|sept7b|2517.1
23212|E17.3
4932 26401|im:7149048|7
16250 30907
14691

17.6

1133417.8
12614zgc:63614|NA 41463|NFAT518.0
19402|dhx38|7 190818.6
1444718.7
28858|E19.7
34433|E19.8
3683120.0
78051|E20.2
48898|E20.3
4445|E20.6
24009|E20.7
3279 20718
3181321.0
476921.2
37687 53930LOC561185|2521.3
1635|katnb1|721.4
3594 251923.0
241723.4
619623.5
51461|E23.6
22852 21515
11683 2108823.7
317523.9
41730|E24.0
350824.1
3459724.2
22307 407424.3
245625.0
2977225.9
2255227.2
13021|DNER|1827.3
854327.6
1375027.9
6182 23422
33533 3330930.9
6393 30711
3945331.0
1302331.2
28196|sf3b3|18 20616|aars|1831.5
8193|E 24624|E
26595|E 20673|E31.9
53679|E33.0
44079|E 54725|E33.2
478333.7
21934 3628534.2
8442 12310LOC100005144|2534.4
36391|bbs2|1834.5
2857735.1
1051735.3
103437.0
1799138.1
789238.4
3479940.4

LG23
13931|wu:fk48d07|16b2.1
7628b0.8
87440.0
4724 140740.7
271062.3
25901 5229
374313.8
8904.4
22379|E 19446|KCNN4|164.8
284695.1
174656.1
60717|E8.1
8339 21444
30772|E 39680
4731 16162
5346 22879

8.5

200698.7
39256|gapdhs|169.2
30675|E12.2
70749|PLAUR|1712.7
2930813.5
30108zgc:91996|Zv813.9
1997 34974
2018415.7
25122 425617.4
37684zgc:92308|19 38186|RUSC1|1617.6
722517.8
16371|setdb1b|16 382|setdb1b|16
36489zgc:158838|1617.9
50996|dap3|1618.1
3141318.4
44404zgc:92649|718.5
253218.7
18062|E19.3
73468|rit1|19 37468|E19.5
19360 30717
26223 33640|prpf3|16
23616

19.9

21079zgc:109898|120.6
7010|npr1LG1920.8
14962|rit1|1921.1
2967621.7
14047|prune|1622.1
2580822.9
3713823.0
2569323.3
1035623.9
524624.0
3659224.7
17840 269zgc101891|1624.9
12461LOC561423|19/1625.3
903925.8
15284 689
3789227.2
17788 39482|mrpl24|19
3032527.5
43467|pi4kb|1627.6
46712|E28.1
31218 3751528.7
78359|E29.3
47821|mrpl24|19 6667
1847029.8
2455629.9
34900 30257
24762 1984932.0
431833.0
29645 3878333.1
1245134.2
1648 21880
561634.3
27231 3863034.4
1261834.5
16277|E34.8
16490|E 53594|E35.4
2282336.8
19815zgc158494|1037.7
2380539.1

1917045.3

3500747.4
867847.5

3005zgc:158494|1051.5
2176751.7

LG24
349980.0
1666 75610.1
97870.5
23174zgc73275|21.1
369982.2

399756.0
289017.5
290998.3
402910.0
2877610.9
17456|E11.3
5887 2210112.4
796912.6
1491912.9
52599|hspg2|2313.1
70151|E13.5
29850|E14.1
3207914.2
31398 54630|hspg2|23
21871 386114.4
2520314.5
11671|E14.7
1926414.8
2997 16972|E14.9
6963 602215.0
1851215.3
3629515.4
2785815.7
59555|E15.8
35452 4823
66959|per3|1115.9
26774|dnajc11|2316.0
11421zgc:153648|2316.4
107616.6
338817.1
3757719.2
1378322.5

2571025.7
271827.3
7554 29156
12570 1970627.4
3044127.6

2535 4493
3166031.0
42030LOC407625|2331.5
842131.9
33583LOC407625|2332.9
27194|E33.3
11613 19072
2378833.8
31161|cdc2l134.8
3621235.7
16055zgc:113312|1135.9
16369LOC568307|836.1
1944036.2
429636.4
1226937.8
32138LOC567448|8 30487|MNFN2|838.4
6889|E38.5
12908|cdc2l1|8 3362739.0
772|E40.0
61944|E40.1
22164|MIB2|Zv8NA40.6
76666|dffa|2340.7
545541.4
66044|E42.0
76233LOC568307|842.7
1267043.3
13364|ddost|2343.9
3294|kif1b|2344.1
18177 8914
14279 510
17169|mtor|8 37343
34689 7706

44.6

131346.5
34688|E46.6
14460|E48.3
26912|AGRN/Hsa148.6
491449.4
61867|E50.2
2067750.9
34712 2315751.4

27zgc:154176|2255.8
2020356.1
2746456.6
2809656.7
2572 2900556.8

LG25
118570.0
4148|LG180.3

322204.3

312755.6

138308.2

23829.7
3059 843410.3

7811.9
2762712.0

2324616.8
18912|E17.8
2461418.7
35811|id:ibd1064|1820.9
68943|E22.1
46045LOC799102|1822.8
27797 10067 15566
57056LOC569773|15 30460 28319
18940 13012 12663
15143 16966 3434
36748 15174 24712
20715 12879

22.9

30148|E23.5
3486 15283 12281
864123.9
529824.2
46634|E 6621|E24.7
2455025.1
19516 6150 458227.0
35227|pdzd3|1527.2
2838327.4
2063527.5
3098028.1
225928.3
78411|ALPK1|728.5
825228.6
11656|E30.5
19162LOC556554|1530.8
50498|E31.3
25560|E31.5
3951732.0
3257232.6
2882932.7
2285432.8
20035|dscaml|1533.1
949133.2
3202733.5
1806733.9
2296034.1
2004534.5
29168 1539034.7
632134.9
68735|E35.2
14721|E35.3
13545|E 47171|E35.4
76135.5
21129 26276|NCAPD2|235.7
22305|tagln|1535.8
30026 20456 3914336.5
30450 5 3671
11249 10062 35212
4034

36.6

3152536.8
18194 1140637.2
1635737.4
12505|E41.5
2018542.3
72363|E43.7
2505945.5
3160449.2
30683 2636051.3
31326|hist1h4l|7/5 33714zgc171680|1651.4

42752zgc92476|19/654.7
31412 3182954.9

71361zgc:136982|1658.0

2874559.3

LG26 LG28
455020.0

3775|pc|73.3

228124.9

148635.9

20587.9
8405 262168.4

14569|E10.0
26867|E10.2
1496311.8
30483 46030|hif1al|1512.0
3327912.4
47445|adssl|2112.5
3863713.0

3165915.3
2502915.5
1018315.6
1287816.5
22871|E17.0

35733LOC562282|7 1222518.8

56963|E20.3

3511622.4
23180|zfpl1|522.5

3644525.3
10077|SPTBN2|525.6

45152|E28.4
2310728.9
2884729.0
1747729.1
23168 1651730.1
78044|E30.7
3580831.5
659231.7
15025|E32.8
4827 3700633.8
2736334.1
1115734.4
33370|EHBP1L135.0

691637.7
3430337.9

62233|E40.3
34798|SIPA1|Zv8NA40.7
3047640.8
3560741.0
1083041.1

348242.9
3062643.5

59436|S45.1
931|E45.8

1786|S50.4
35233|S 852750.6
23784|S 102310|S 21021LOC563265|14
33982 90929|S 5303|S
15848|S 23982|S

50.7

21848|LG24/25/1955.7

13776|LG40.0

598431.2

10219|flot1|19/162.2

15138 225183.4

8277 4452zgc:66432|16 39647LOC796283|25.7
22322 209615.8
15103LOC796283|26.4
237746.7
350677.1

6828210.7

1349220.6

65435|vars2|1924.8

1133031.9

38408|gabbr1|15/1933.0

2345834.7

2148837.9
10808|skiv2l|1938.8

44613|LG1640.0

37715|CTL5B_DANRE43.4

69264|rxrba|1944.9

2260546.3
68273|col11a2|1946.4

12710|LG3/8?47.9
642348.6

75108|TAP1|1654.8

29397 747461.2
6181461.3

LG29
359280.0
313900.1
278550.7
366811.0
395431.1

34381|E3.9

164967.8
7457.9

1653911.3

1616616.1
22436|cars|716.5
36071ch211236l14|2518.0
46683|E18.6
3533118.9
50224|lrp5|25 242419.0
582019.1
688|E 5269 19325
29480 7547 19779
33926 8944 32009
25959 25565

19.2

58082|ipo7|7 5648|E20.2
69122|st5|7 16918|ipo7|7 35300
611520.3
1735421.1
14208LOC563041|1821.6
33604|E21.9
34034 39302 2210
399622.5
4566 1295823.5
9481|im:7156396|2524.2
520524.7
13078 2912825.5
27272ch211220f16|18 3678826.2
10516|E27.1
2974528.5
1314628.9
29110|E30.3
831231.8
26771|E32.8
9723|E32.9
5890|E33.3
1283833.7
32580LOC100150917|7 30774LOC559304|734.0
2936334.5
753836.0
34916|E36.2
61285|E36.3
3904437.1
23844|sc:d148|2537.2
3099 5168|LG7 35340
32183 2044137.3
26942|ANO9|7 6867 31481
773037.4
3694337.8
584239.2
13135|rplp2l|7 21202 9431
394439.4
1507339.5
14556|E40.3
2236440.5
1714|E41.0
2490541.8
3335642.2
77248|E44.9
35324|ano5b|7 2698546.3

700551.2

745653.3
15104|MUC2|753.4
3025054.0
1676754.1

3456055.9
608056.2

3005757.3

LG27

Supplementary Fig. S1

Individuals
Markers
Mapped
In Genes

94
15,076
8,046

974



Organism Markers
Silver carp 483

Guppy 790
Barramundi 240

Catfish 331
Sea bass 368
Cichlid 204
Platyfish 290
Halibut 604

Sea bream 204

466760.0
706812.0
205083.4
88054.4
66655zgc:158787|87.1
403587.7
146498.2
491839.0
18684|synapsin|810.6
16075|E13.0
69795|LG8/413.6
15358zgc:172102|814.5
3116814.7
4255815.0
11002LOC566605|817.7
31782zgc:172102|818.1
12005|cacna1da|11/818.4
5193dkey31k5.1|818.6
15647|E18.7
52292|RBM10|2318.8
3310119.1
49003imp4|519.3
24681LOC559439|23 6879119.8
17173zgc:109953|820.8
4613721.9
4172722.2
2173622.3
6239522.6
2975423.1
27508|t54l|823.5
482024.3
61160|smc1al|23 5233424.8
43883|E25.4
6709226.9
9320327.1
34692|xpo7|10 4952128.7
4397329.3
3872329.5
6286129.7
615230.4
48926|LG5/830.5
1576031.2
15768|adam9|8 2210931.7
3911231.9
18161LOC100005337|532.0
28244zgc:113115|833.5
16746 4603134.0
21881|E35.0
1441235.1
6379735.3
65636.2
1109836.7
42300|sc:d411|537.1
1130437.3
1367837.6
4237637.8
34054|ap3m2|5/1338.1
51260|sc:d411|538.3
5239338.9
18108|tkt|2339.0
4321539.9
4298940.3
21588|E 55121|E40.9
5913041.4
14391|LG1/8 2801941.5
8379741.8
77168|E42.1
654742.5
1799 52946|CNNM4|24?
21963|ank1|543.0
3876443.3
41307|ank1|543.5
24183|ank1|543.8
487044.0
5459644.2
74778LOC557632|2344.3
361445.2
4499345.4
6778145.5
27307|Phyhipl|8 194845.6
43135|E46.1
48815|ftsj1|2146.5
1782347.5
44355|syne1a|2047.6
5480347.7
7152|LG2047.8
1975147.9
62755|E48.1
25977|gmcl1|1048.2
893148.6
58933|ints9LG8 443648.9
700249.0
55673 2309549.7
38074zgc:100927|1749.8
2221 906550.0
32025|PLEKHG1|2350.1
2863450.2
35708LOC560376|1750.3
11952 37570|LG2050.4
2269zgc:85683|850.6
6595451.2
25814|stx11a|1751.8
59135LOC567576|1752.2
2045|BEND3|1352.4
496|E52.7
2121253.2
2554|E53.3
7718|LG20 57275|LG2053.4
124253.5
2942953.9
790154.3
1049954.6
42004|bre|1754.9
16969|E55.4
3836855.9
2405056.0
1972656.8
7690356.9
5015157.6
11678|E57.9
1508758.2
116258.3
72695 33010|LG258.9
28016|E59.3
6489|E59.6
640960.2
24804|pumilio2|2061.6
33852|E61.7
14219LOC560410|1762.5
34235|atp6v1c1|1663.0
686863.1
47146|E63.9
40003|mylz2|22/364.2
3412264.3
68224|HIVEP2|2064.4
3096064.5
2730065.2
3382865.6
12400 2305867.2
3561367.3
4856667.7
5059268.0
5466168.4
20665 2069569.2
6591669.6
3217369.7
51606|rsad2|1769.9
1919070.9
3140171.1
7053371.2
1792471.7
34794|LG1371.8
4351471.9
34858 609472.1
10103|mdn1|20 4300872.3
3343874.6
1889976.1
18075|E77.2
33480|mdn1|2077.6
1288279.1
622382.8
2682183.3
16734 42477|rngtt|2084.4
12029|lama4|20 63521|E84.6
934685.0
2313485.2
17681|NA86.5
13485 28826
79049|mecr|20/1687.5
7309887.7
592388.9
7646|E90.2
4020195.9
6738196.8
3003398.8

LG1
9500.0
4542|abcb6|11.1
3221.2
175071.3
6720911.4
53011.5
58032|ugcg|1012.2
2399313.3
4401713.7
291014.9
9912015.9
29111|E16.8
75140|E17.3
2269118.5
13067 8009521.0
37267zgc:92761|2121.7
23714|E21.9
38793 3709|gpr98|522.1
7857 10173|gpr98|5
16737 2868122.2
1402522.3
51216|E 60163|E23.1
22043|E23.9
11431|E24.1
1791|dhfr|5 36163|dhfr|5
31472|LG524.3
7256025.1
3242 1382425.3
29411|dhfr|5 13620|msh6|1325.8
43814|ercc8|8|26.0
17295|E26.1
2144226.4
2168226.8
6651027.7
7119527.9
7482428.1
5287728.8
6011129.7
6670529.9
2137731.5
10603|tcf12|732.1
3073732.3
871432.9
6221433.2
270633.7
980534.0
2204834.2
3953134.4
76268 2044234.7
1884235.2
19839|LG1035.3
8184635.7
3695435.9
201437.0
2033237.6
8190937.8
47877|E38.1
407238.2
7732zgc:152845|1039.1
55474|LG539.5
5809 11578|ugcg|1039.8
287840.1
1139240.4
487340.5
51013|E41.1
29351|E41.2
25718|E42.0
12616|E42.7
4253|E43.4
2775743.5
14375|IQGAP2|543.9
5438944.0
939544.1
4566744.2
723744.4
711|ptc2|8 1700345.1
5498246.3
2055 192946.4
1103747.1
1414|cdc37l1|10 1284947.6
2709747.7
4737zgc:100974|547.8
370747.9
13712|E48.4
63386|E48.5
1559 39155LOC792478|10
3354zgc:63485|1148.9
7095449.0
74969LOC792478|1049.3
3798549.7
800849.9
27047zgc:92321|10 164450.0
931250.1
38756|atp1b2b|550.6
1368|E50.8
8178951.6
60044|med11|1052.4
2777652.9
80186 16465
41934|senp3a|5 12716zgc:153917|753.4
79656|E54.0
49471|E54.1
177im7139382|NA54.4
27326 345354.6
54088|spag7|554.9
58108|polr2a|655.1
1919855.7
1313656.0
13128|pld2|556.2
26277|E57.4
551|E57.8
21862|LG7?58.8
708359.0
8663359.3
2447059.7
38514 6696860.1
1598860.2
3736|AXL|1560.8
3963 18923|grk1b|560.9
57394LOC555761|1561.2
144561.3
279964.0
43840|NA64.2
27919LOC563140/LG1564.5
1805864.7
1461|AXL|15/dtk|1764.9
68802|E65.0
3667565.1
13995|mta2|765.2
32787LOC794477|1765.3
15067|E65.7
959|E66.0
1752666.3
4879066.7
31676zgc:154093|1566.9
525067.2
1543667.6
27688|LG1867.9
547868.7
547668.9
9142|E69.2
17241|E69.8
45783|E70.2
48070|E70.5
224771.0
1484771.6
948672.2
1089272.6
6730273.2
7071474.1
4323474.4
1098674.5
4968674.8
150775.3
51482 4383875.4
6175dkey7l12.4|1875.5
294175.9
2660476.2
43344zgc:101015|1576.6
4207377.0
75713|per1b|777.1
5675|timm50|1577.9
48666|supt5h|1578.0
411178.9
74526|nova1|579.5
753779.9
53160|supt5h|1580.0
25823|LG1881.8
10755|E83.8
3631985.0
22594 4324|tbcb|1889.2
5890989.9
1745891.8

LG2 LG3
607680.0
36961.1
39751.8
62433|gucy2f|15 12271|gucy2f|152.0
616292.4
16201|dcun1d4|202.6
27801LOC100005953|153.1
22666|LG? 739503.7
808635.4
69148 64394|fam168a|187.9
542068.7
172338.8
7592010.8
37950|E11.8
69848|E13.0
6623413.4
6713.8
1263614.3
4240114.5
649314.9
66652|atp2b4|11 3612115.6
13625|ZNF295|1015.8
51882|atm|Zv8NA 3998
37237|samsn1b|10/15 4596|mxb|1
41425|rps6ka3b|24/5

16.7

66408 51174|BRWD1/LG15
1805|wdr73|21 28792|ch211137i24|516.8
41581|E16.9
3107717.2
11871|NAA50/Hsa3q17.3
4399317.7
29134|E17.9
2834118.3
3397LOC567379|1019.4
10111|E20.1
17420.2
41780|sms|2120.4
7810520.6
5951421.7
38552zgc:174160|2421.9
2608223.0
1093023.2
940923.7
24594|ZNF295|1025.1
321525.5
215525.6
1609425.8
4022327.2
4323227.4
398827.9
1141428.4
3329428.6
6019329.7
3440431.3
10896|pak1|1832.6
3048132.8
18458|E33.7
37990dkey24p1.6|1534.3
1940635.1
74429|rrm1|2135.4
1459836.6
7997537.4
921438.0
2739938.2
775538.4
2177738.9
2765540.5
1974240.9
63892|pex7|2041.0
16622|E42.1
53904|E42.5
3056642.9
49899|synj1|1043.6
7001 5667943.7
7013|E44.3
13047|E44.8
909645.0
4344|plxna2|2345.5
574045.7
378345.8
44961|slc6a13|646.2
6286|mkrn1|846.3
4145746.4
17824LOC793893|1146.6
16801|slc6a13l|6 1305547.0
30849|ahcyl1|847.1
9463 42351
33258|sars|23 10546
28087|cry2a|8

47.3

33413|sars|2347.4
17195 35824|E
26662|srgap2|11 5206dkey24l11.7|18
24864LOC559524|7

47.6

21003|E47.7
40764|arl8ba|647.8
200948.0
6246248.8
27330|E48.9
1331549.7
22304|gc:113307|1149.9
26146|hdc|1850.0
530550.2
5998450.7
63275|E51.3
4167253.2
4937553.9
544254.4
724754.5
780855.9
478956.2
18456 3249556.9
3040657.2
2755 43218|dis3l|757.5
411558.7
6059759.0
710559.8
226160.9
88876 19831|MYO5C|2561.6
5423062.4
7569162.5
1284863.1
5571264.2
50785|ZWILCH|1864.6
607565.4
2871 2987465.8
30166zgc:158452|766.7
32821|E66.8
2769667.6
6890268.5
3896168.9
13345 296770.1
2632271.0
851472.4
36409zgc:136970|773.9
8752zgc:162892|774.0
4878174.5
345674.8
427275.1
78273zgc:101658|775.5
215876.7
13236 1452076.9
22274|E78.6
1251779.5
44040|ap4b1l|2380.3
3927|E80.4
6187981.2
37970|E81.6
3486082.2
1180382.7
9646zgc195008|8/1582.8
1175783.9
1602584.4
55672 2691584.9
4147285.5
404385.7
12943|csnk1g1|787.2
16058|NA88.3
63970LOC560176|2589.7

42051|SPG11|Zv8NA

438560.0

118403.3

35014|dctn1a|7 10127|LG7
74765.8
20895|dysferlin|76.6
17665|exoc6|127.5

483488.7

4060412.1
4883713.4
195015.0
63190|LG115.1
687515.3
3363116.3
2042816.8
6069017.1
27569|E18.3
996|E18.8
76548|SPATS2|8 22022|whsc1|1320.2
1917420.6
35684|pdcd4a|1 4321020.7
36789|racgap1|23 631421.2
4415421.8
21946|LG23 905723.1
2412923.8
40502|E24.5
312424.9
3440925.0
33812zgc:171696|2025.4
16268|E25.8
4622626.2
334426.3
11763|E26.7
7649028.1
5226428.7
1142429.4
18182|slc39a10|9 43675
3740529.6
6722930.3
15424|gpd1a|830.7
3134731.0
74811|tarbp2|631.4
3433831.9
24405 954032.1
6916133.9
3566034.5
1536135.3
4520138.2
5047|E39.3
2183239.5
307040.1
56627|larp4|2440.2
776140.5
5728841.1
45121zgc:158628|641.6
11973zgc:101601|2341.8
61520|E41.9
15441 1989042.5
73907|MLL2|2342.7
637|stat6|2342.8
6890|E43.3
25148 42118|MLL2|2343.4
1822743.7
39139 2571|MLL2|2343.9
31048|ptges3|2344.0
28118|E44.1
66511 6453044.4
6745|MLL2|2344.5
17238 36400|rheb|644.7
3943645.2
14090|E45.8
74201|dclk2|1 2981047.1
36155 28925|mmaa|147.5
28360|polr2b|1447.6
54798|NBEA|1547.8
29292|gba2|7 5824248.4
7014|E 4151|tesk2|148.6
5750048.9
12706|or102b1|1549.2
1775049.3
34148|rpia|13 11342|RAB11FIP5|1350.3
1495350.4
8131|RAB11FIP5|1350.5
2386650.7
6866951.8
2763652.2
3859|LG1252.6
3083653.4
4340853.6
33758|E54.5
22177|E54.7
34635LOC568973|155.2
1928556.2
2771256.7
2786757.3
5116657.7
524959.4
17839|ptcd3|1460.7
66953|LG14/1760.8
558461.3
35133LOC100148193|161.5
2494561.8
942862.3
4083162.8
1797763.7
1004064.4
2950664.7
2430365.6
5566766.4
6610066.7
56674|APBB2|1 30805|tbc1d1|1
45018|APBB2|168.3
530069.0
1720169.3
4096469.5
1043471.2
3601974.9
606676.0
5679679.7
3803780.6
684980.8
5289781.6
21105|tdrd7|183.1
5202983.7
7617884.3
1068984.4
23201|SVEP1|784.8
924785.2
1320585.4
22950|ppm1k|186.1
752986.2
6031487.2
3045687.7
17220|tbc1d1|1/989.0
28424zgc:153957|189.7
1817591.3
5766792.4
1866093.6
19613|LG1/1294.1
7052994.4
36727|E95.6
17096|E96.1

6115499.7
5419100.6
9126 8028101.5
33463102.9
21433|fry|20103.1
6192103.2
58613|sgcb|20103.5
58097zgc:103421|1103.7
21654|E104.1
23490|E104.4
14121|slain2|20 10048|fryb|10104.5
43206104.9
44281105.6

LG4
53459LOC557921|30.0
750324.4
33474.8
478695.5
598615.9
30381|nfatc2ip|36.4
63955 58253zgc:92040|12
19826|ccdc101|36.5
49848zgc:76940|126.6
34479|cldni|37.2
4176|cadm3|28.8
16495|E8.9
3516|E9.3
508811.2
6336611.3
113912.0
7699613.4
360813.7
26672|B0S635DANRE|25 861914.2
9640715.2
46746LOC566745|724.7
10197 20796zgc:123304|224.8
908325.9
483226.0
1564426.3
7063928.3
3175529.4
24826|JUB|729.8
68573|ch211b196f5.130.2
1594430.4
24409|cideb|730.8
49351zgc152732|231.4
4930332.1
43564|mapk3|332.4
128132.8
8211|cideb|733.1
5084833.2
12348 177033.5
19455|CHD8|233.6
26805|rnf40|1233.9
4671834.2
32172|prdm9|1234.3
6897934.5
582234.9
44666|cxcl12a|1335.2
1251535.5
22454 978836.0
7491|E36.8
4402|E36.9
1854737.5
2148|vmhc|237.7
1306138.5
3636038.7
7828240.4
58241.1
3503143.9
5969zgc:172281|1344.6
10793|E46.6
498046.8
59363|B8A468DANRE|1347.1
1816447.7
3143348.2
10578|E48.5
989648.8
3459|SEC31B|1749.0
2667649.2
898749.3
3328|hif1an|1349.7
13048|zgc:162303|1349.9
6862250.5
3828150.8
1181352.1
16111|LG12?52.3
38253zgc:63561|13 4670752.4
4872|kif11|1752.8
13751|kif11|1753.2
43644zgc162603|1353.3
545353.7
950454.4
6435355.6
4113755.8
1978556.3
1152656.6
2332457.1
2154957.6
23980 75657|nolc1l|1358.4
2978458.7
5598259.7
47586 29658|cdh23|1360.0
747160.2
3974660.6
39654|TACC2|1360.9
6929|slc25a28|1361.2
21719|lrig1|1161.3
5723961.6
44940|E 225762.1
3665962.5
4050363.3
590463.8
53078zgc:153646|1364.9
50116 31011zgc:153646|1365.1
10946zgc:153646|13 1674865.5
1280166.4
784|E 11863zgc:92254|1366.8
50037|sec23ip|1367.3
1318668.7
6207869.2
66033|E69.6
43931|ldb3b|1269.9
9001 52614|E70.2
4406570.5
291670.9
48825|LG2371.0
433971.2
5573zgc:162873|1171.5
42708|SYNPO2L|1272.0
48872.1
1860972.3
25623zgc153887|1172.6
6394173.2
694|E73.7
920674.6
25510|CCDC66|22 19682|GalNAcT2|1374.7
23299zgc:113421|1375.2
1563775.5
782075.7
4657|dag1|22 1253476.0
5912976.4
2091976.7
8007477.1
5379177.6
41131 33423|LG1178.1
5599778.2
19746|GRM7|2280.0
5254380.2
9836580.3
68637|E81.1
6020 60102
3241|AFAP1L2|1281.5
22937|mcm2|2281.6
32222|add3a|2281.7
1554682.5
2928083.7
5221684.3
8815585.2
6123985.6
8815185.9
53686.2
49749 32284
60407|gmppb|2286.4
63743|ZXDA|686.5
1228486.9
4103687.1
7570687.3
6322188.7
2300488.9
5437089.3
7542093.2
14645|E93.8
12610|E 33137|qars|894.0
41416 787894.2
3435594.3
38970|E94.4
45618|celsr3|8 32994.5
22698LOC555761|15 7940|BRPF1|894.7
6050895.0
6664595.3
1416zgc:136971|896.1
4672496.2
31553|LG2297.4
58747|E97.8
34989|prkcd|698.3
10600|E99.4
69288101.1
19449102.6
9026103.5
2224|sfmbt1|11105.2
61131106.4
8465106.8
36673|BRPF1|8106.9

LG5
54820.0
299030.6
676841.6
306943.0
338928.3
52470|pabpc4|178.5
159998.6
38119|ch211194e15|198.7
41534|csmd2|199.6
4065210.0
68261|dspa|2 66428|col2a1a|810.7
3968|hcrtr2|Zv810.8
20717|col9a2|1911.0
62945|E12.1
32849|E12.8
39747zgc:103571|1912.9
39764|E13.1
5885414.6
4127014.7
12497 51887|macf1|19 66995dkey221l4|17
712615.0
75715.1
6543415.2
2894916.2
8098416.9
44821|E17.2
14489 7580117.6
6112917.7
362917.9
28092|PPP1R8|1918.0
16439zgc:194983|16 25027|L3MBTL3|1618.1
936818.2
14278|PPP1R8|1918.6
32413zgc194983|1619.0
512319.1
41612 3233520.6
25372|E21.7
4558122.1
56842|ctsl.1|1722.2
2713623.0
55752|eya3|1924.6
66114zgc194983|16 44985|E25.4
1959726.1
72339 4545626.9
7702427.8
46415|E30.1
26757|tmem222|1930.7
41355|s1pr2|3 14046|fam54b|1731.1
53757|s1pr2|331.2
2702031.3
2259631.4
4005631.5
2491531.6
1722531.8
2995332.1
25042|wu:fk86g11|232.3
5544232.5
5442832.8
3235233.1
60955zgc:172216|133.4
43759|tnpo2|3 20784 41132zgc:172216|133.5
353333.9
86434.3
22325 776234.8
6913|E34.9
53944|E35.0
67108|E35.1
46550|cacna1aa|335.3
11018 27260 24236|clpp|335.6
10902|alkbh7|335.9
1994|gpr107|536.1
25246zgc:158335|24 2630 3051236.8
3571|TYK2|336.9
3926|TYK2|337.0
57598 63137.1
1169237.4
21627zgc:158335|2438.2
4712840.0
66306|DOCK6|340.5
861240.9
1919 51316zgc:153554|641.0
2778741.4
6966|E41.6
50744LOC796739|141.7
5271141.8
972642.1
586042.6
49526|Zv8_NA 40238zgc:101768|21 7038143.0
44138 35 4328543.3
13710|slu7|1443.4
12476|hspa4l|2143.7
775643.9
380944.3
31824|E44.9
32482|pcdh2g29|1445.2
74507zgc:63577|345.3
31467|diaph2|14 33646LOC567566|1045.6
1408446.1
8050 35028 19054|pcdh2g28|1446.6
2631046.9
4349547.2
3709147.4
6260548.8
21849.6
55485 463750.2
2150750.8
71891 38364|E51.3
649152.1
33766|pcdh1a3|10/1452.2
684252.3
4882853.4
255754.1
17686 6683554.9
1171655.6
224456.3
25526 3075|rnf145|2156.6
154957.6
2625558.0
1729458.6
7090958.7
35645|smad5|1458.9
3411959.3
47543|KDM3B|1460.0
8025060.8
38616zgc:171911|2161.7
448662.0
3894LOC557199|14 2766262.3
36744 1109563.5
28638|ddx41|1464.4
4331665.0
6030065.1
2578965.8
29892|hdac3|1466.0
1139566.2
715|E66.7
3916067.7
25521|E68.4
6688568.7
340568.8
778369.0
6976669.2
9647469.3
6352369.4
64214 65250 72399
48146|dnajc18|2169.5
81486 15480LOC568556|14/169.6
35078|E69.7
6968769.9
28305zgc:158426|14 55565|pde6a|1470.1
2675874.6

LG6
168390.0
89340.1
211081.3
7499 8991.4
158582.4

699525.2
147505.5
9722 306376.3
17564|sptlc2|13/178.2
6072|E11.0
21342|E11.5
7550513.2
24003 57442im:7147183|1714.9
7485 480215.4
1301 4592415.5
53971|E15.8
35306|SPTBN5|1716.4
621416.5
14700 18197zgc:66299|1316.6
3147416.8
19617|E16.9
38694|E17.2
62098 763717.7
2367917.8
5388 4200818.4
48055|E19.2
34066|E19.3
25741|E19.5
94465 70200|wu:fb77g05|17|20.0
737820.6
27811 402020.9
10463 19952|nedd4l|2121.3
282521.5
24751|npc2|1721.8
26932|E22.2
1102|E22.3
2572522.9
3513723.1
2261023.6
5693224.2
877224.4
2466924.7
4052|E25.7
1337026.1
7337|hsp90a.226.8
29967|E27.2
2784628.2
5773128.3
20545|POLE2|1728.4
6158428.9
47083|E29.9
4916430.5
1679230.6
3598530.8
2869331.2
5609532.6
41146|E33.4
73140|nin|1334.3
1696335.0
627336.2
4765637.1
5739538.9
5339239.1
7829739.6
4239240.5
3013541.5
1847342.7
29778LOC100005732|2043.3
7773243.8
763044.2
5041844.4
7652144.6
28585|E44.8
10167|E 30751LOC796283|244.9
1073745.5
4596446.1
9532 1145546.4
725 9543 373
47207 44989|LG25? 21835|pcnx|13
28958|pacs2|13 64156|numb|17

47.7

18462|VPS39|1747.9
1988|E48.5
5120748.7
1857948.8
5770049.8
5376950.0
78670|zgc:100799|1750.2
4948050.3
70758 4011951.0
40881|E51.6
1542152.1
3225953.0
1596553.1
3090053.6
6565 7182154.5
68014zgc:174917|1454.7
38586|E55.3
10331|E55.6
2060556.2
6219856.5
24822zgc:56134|556.8
8041357.0
1151857.1
4404857.9
4158258.6
168859.2
871159.7
846961.0
8045561.7
3138562.1
2728zgc:64130|1462.2
18221|otul|2162.4
35042zgc:136763|7 27891|E62.7
1871462.9
2836363.1
643163.4
43568|E64.5
53770|E64.7
7005965.3
3747665.5
262566.2
4829 1081066.3
5394066.4
2694866.5
7720 352769.7
5735269.9
260570.5
1736071.0
2043371.3
82471.6
5198371.9
1335173.0
69879zgc:172056|14|73.4
18001zgc:56134|573.8
2301574.5
15675|atp11c|1474.8
3922975.4
18546|E75.8
6958576.3
97676.8
65138|med12|14 21543|srpx2|1477.6
33392 457277.7
1820178.4
22933|E78.5
1515479.8
73430|mid1ip1|1480.1
3731880.6
73436|E82.0
33330LOC100002619|14 4611383.4
2950784.2
2066085.4
3848790.8
7225590.9

LG7
238720.0

42362.1
213592.7
145533.5
5727LOC565752|254.3
1989|E4.7
22925|E5.0
18515|E5.3
460666.2
63428zgc:85975|46.4
15356.8
14765LOC570940|22 54916LOC572151|47.1
60467.2
7215 19401|LG47.8
23979.3
62780|LG49.7
17199|E10.2
3208310.3
47810.6
5467911.0
53316LOC568010|811.7
51455LOC568010|8 37500|TM7SF3|411.9
25055|lrmp|4 1407512.0
13157parvb|25/na13.1
3452213.4
549614.5
7977114.8
34543|cyp3a65|115.3
5789|E15.6
31730|E16.4
263417.5
15377|cmas|418.3
916918.5
3905919.5
34126|DNAH3|2419.6
395019.9
20307|E21.9

35594zgc:86905|423.6
2626723.7

51627|E26.0
4727|E26.8
4778327.9
6261728.6
49151dkeyb48h7.2|428.8
15615|E29.4
13823|myh9l1|330.4
11982ch211b239h19|430.5
725731.1
18354dkeyb202b22.4|431.8
22308|cyp3a65|132.1
2400832.6
6814333.8
24909 30107|itih2|434.2
7100934.3

2215836.0
5723536.3
5397|E37.3
45115|E37.7

448738.9
36431 2593dkey270i2.2|18 13221
43123|crim1|1740.4
4785240.9
11967|LG19/NA 5114541.6
3424041.8
6375242.0
1527443.2
1049643.6
42075|E44.6
11908|E45.0
664446.6
19859|dhtkd1|2547.0
23730zgc:175264|1147.3
984649.2
698349.4
5434749.9
36990|E50.0
17925zgc:113363|850.3
388 27945|LG650.5
2374451.1
21318 22350|arid2|451.3
37700|E51.8
5027 12306|E52.0
3414352.4
39443 60920LOC571208|452.8
30813 8056 34568|bestrophin|153.1
77023|E53.4
452954.4
1951854.5
22027|E55.1
43340zgc110270|NA55.4
437156.0
1831157.3
22257.4
355858.4
5193359.0
2646960.4

59272|E62.4
2921262.9
21119|MAPK8IP|1863.7
38975|LG464.3

18286|cep290|25 11726|LG2565.8

2559767.5
2695467.7
4582367.8
50677|E68.3
644969.5
5780870.4

3969371.4

397473.1
1760673.5
7401873.6
2702474.2
5588 75263 33805|parp12a|1874.9
7978375.2
547575.4
29276.4
25851 4142977.5
6023078.4

11502|E79.6
137979.9

6557182.4
23673SLC37A3|Zv8NA83.3
67787|E84.0

2695585.2
2078085.6

34839|PPFIA3|387.1
4408088.0

114889.7
4740390.4

247491.5

73252|dgkz|7/na92.9

1071494.8

39602|E96.6
44382|rcn3|397.2
3518997.5
41104 12864 25277|nosip|398.3
323198.6

LG8
162640.0
89498.9
1707110.7
93 1203111.8
1714412.2
40277|E15.1
2323916.4
65 1517217.1
3195917.2
87917.7
21473 2511518.7
3239818.9
22433 10348 274119.1
5423 4507 34558
33705 45745LOC796283|2 7489
24077 47910|ankrd12|2 38888
4147 10418 24728
11541|cpa6|1 29183|im:7138204|NA 11262
25616|ncoa2|24

19.2

2880719.5
3139420.1
412 57605|E 23944|E20.2
1341020.7
3304322.2
38857 2211922.3
50222.8
1854423.4
1434825.2
45894|E25.8
22928zgc:123256|226.4
37231zgc:123256|226.5
50571|E26.8
26436 23534 936327.6
1098429.6
12023 5142 25551
1427229.7
3334230.4
1628130.8
5062|dtna|2430.9
1631931.0
997531.2
113431.4
16133|E31.9
951233.0
8878 2120733.1
33118 3046733.2
47550|E 70360|E33.5
35121|E33.6
6265|LG733.7
1786333.8
27853 12067 1845
3017134.2
1930234.5
12195|E 65879|E 1343835.0
4209 32232 14842
25832 1850935.1
58080|OPLAH|12 1735635.5
668 3909835.6
2092 66849|pitrm1|2 24326
7303 3748 38960
41439|pitrm1|2 16342

36.3

189636.6
7696|ripk2|2 51087|kcnh2l|2 25934
72633|scospo|24 10087|scosp|24|5 3955737.1
2200338.1
788838.3
12660 4010 26850|cul1a|2
30065 35222 33638
10188 11051 26023

38.4

1452 9324 7959|E
8091 17947 30349zgc:175152|7
6078 12594 14495

38.5

19524 2644238.6
2434638.7
19041|E 591|E38.8
36401 12903|ttna|9 2779|PRAME|738.9
45739.1
58416|E39.2
33992|LG2 8327 33514
23098 1429439.4
28517 2058539.5
1359939.6
35223|E40.3
54478|E40.4
3253740.6
1196940.8
566841.6
1309842.1
25455 3836142.9
2037643.1
1381943.3
665943.4
7638 27294 3037943.7
23140|spag6|2444.4
1728544.5
2706644.9
30845|LG9/6/1145.3
1304545.7
3162946.3
3067346.7
401547.5
2016 792147.8
2595348.0
2250348.3
78641|E48.8
1385849.6
10572 453450.3
1300650.4
5407 3631050.5
1029650.6
15330 419952.8
3297752.9
3745954.2
2685854.5
2086556.2
3710256.7
861457.1
3819457.2
2419157.6
1734858.2
20913|gtpbp4|258.9
792261.9
869063.3
25251|mll3a|2463.7
2456766.3
33347LOC563615|20 7248 8180zgc:171831|266.6
1938768.6
11030 31417 33336
554768.7
2146271.0
167471.4
33297 2347171.5
3159771.6
37767|E72.2
16687|E72.8
56969|tbc1d7|272.9
39757 34845|DNAH5|2473.4
32120|pigmLG2473.7
24664|E73.9
2622474.3
33098 6588 38701
974 37717 15712
5867 34714 5430
10502 38925 29218
32810 28485 27735

75.1

17789 35480 22375
35842|MARCH6|2 23192 164|pdcd6|13
34296 61780|pdcd6|13

75.2

25680|E76.9
22383|E78.2
3376378.6
1779479.0
2176279.2
3909|mtrr|2482.3
16559 31738 31213|wu:fa95e03|24
336782.4
12946 1136 2923382.5
3717482.6
1130284.7
3832785.0

LG9
30963LOC100148605|3 29675 23228
171080.0
14719 20618|rsad1|30.1
3118|utp6|60.2
25210LOC560670|3 24794LOC560670|31.1
140302.0
29436 14200 167643.1
195103.4
34454.6
15262 17099 95785.0
163528.4
40534|arl16|3 14089|scpep1|312.8
39645|COX10|1214.4
2360214.5
47682|myh11|6 11849 9182
6767 63914.6
2880915.4
2381615.7
365116.2
112LOC561852|316.8
3624517.0
15804|pcnt1|317.6
3062LOC100148088|1218.2
19045|myh11|618.6
13354|E 72632|E19.4
13879|E19.5
43887|ern1|319.6
30709 3018919.7
7108 20503 17718
32625 28356 34848
23539 11413 19697|tbc1d16|3
19924 2217 34103
23394 77627|hgs|3 37586
3360 7868 12191
7197 4014|cox10|12

19.8

1204220.5
4117 68497|AATK|321.0
29652 1130322.2
56247|E24.4
26335 1451824.5
42354|fasn|12 29096 52190LOC561766|3
26777 1460824.6
39445LOC563634|324.8
2839725.2
1273|LRRC45|1225.6
8581 422926.1
2516026.2
25158|arsg|2126.3
27694 1977326.8
12564 29532 2586227.0
1557827.1
411627.7
3530 2364429.9
927630.0
3180431.2
3002031.5
57422LOC793701|3 2586531.8
1734331.9
6188|IPO13|2032.3
48403zgc:152769|20 3431032.9
21645|rgl1|833.4
1244933.6
1126034.2
20235 39967|GRIN2C|1234.8
2210335.2
743635.5
3901737.7
862038.6
17536LOC100148604|239.0
25792LOC565697|1239.3
36202|E39.5
1719040.8
1804841.0
25176|cth|641.2
2215|E42.1
561843.0
27099 7333 22246
4375 79843.7
9962 5808 28174
2260943.8
39589 1052043.9
40081|bcar3|8 8697 30014|fzr|244.0
20222 1577844.1
3493 2269344.2
3171344.3
8705 20721 24237
21230 23275 9838
5773 22565 35890
14816 38318 24093

44.4

8007|E44.7
150044.9
42150|E45.3
142645.4
41765|ch73b38p6.1|2 1809145.7
30209 846845.8
9608|E45.9
231546.0
29901LOC793086|2446.2
2885146.3
1488946.4
2698246.6
271346.8
26859 3071646.9
53738|ASTN1|247.0
37434 17093 3377147.1
37462 33523 13301
516147.3
22020 2409447.8
32648|fam73a|247.9
2435348.0
115048.4
51672|ZFYVE9|248.5
24134 832448.8
3392148.9
1829849.0
44902|CC2D1A/LG249.2
33725|E49.9
36164|E50.1
45184|cyb5r2|2550.2
1273150.4
45219|TOE1|250.9
17828|E51.1
51988|E51.2
17393|dab2ip|252.6
44258zgc:171487|2 27325 4590
3186155.0
328155.1
48002|E 2973055.4
28703 968355.8
562555.9
23 1773756.0
17922|E56.5
3097957.1
31410 10922 55807|wu:fc22f12|6
41532|lrrc8d|6 10194zgc109982|657.2
37826 16339 33477
19277 205257.4
9106 72264|faahLG6 2721
23987 1928057.6
1444957.7
584957.8
76061|LG2 9216 3873558.4
20937 44574|ZSWIM5|2 2187759.0
1448259.1
37797zgc:112397|361.6
51865|E62.0
26886|E62.1
36159|E 2955762.9
22129|E63.9
53619|E64.4
59081zgc:109982|665.3
1302666.5
403869.6
300069.8
94269.9
1075770.4
1216270.9
9742 265 2162571.9
3260677.4
58942|LG2080.7

LG10

346630.0
389381.0
176621.7
51732.2
19867|E 3723|E5.9
7584|E6.0
91136.5
21456.6
243816.7
204217.1
11814 15258 2422
285757.5
258438.0
218728.1
13511|tgfbr2|16 8956 136698.3
13385|smarcc1|168.8
188339.0
363729.1
351069.3
30887 250039.4
20689.5
33264|LG189.6
4807|E10.3
43381|E10.7
3539111.2
2332811.5
2170011.7
74930LOC796283|211.8
20112 1819311.9
832512.0
32360 79573LOC563623|1912.9
27343|setd2|1613.7
3215514.1
50193|jarid2b|1914.4
692014.8
2469614.9
35699dkey222b8.4|1915.0
3367815.3
3260115.4
36194 2640215.5
3230815.7
22062|E15.9
98016.1
3879916.5
1059616.8
704717.0
2372217.1
2656717.3
26072 25237 5617
1645717.7
36504|E 35536|E 41547|E17.9
26528|E 19061|E18.0
47042zgc:63863|1918.1
15656 3779818.2
3712 14373 3266218.3
32714 2321018.4
71139|E18.9
1238119.0
4195 37146 12393
28373 3985819.1
3390|E19.4
65069|E19.6
10557 15027 38895
14026 14675 3741
15241 35671 33861
18704 17242 39969
16375 27531 6662
13736 29787 17322
11122

20.3

2247520.4
1681 15549 35093|macf1|19
39630 880620.6
4133|E 10695 1878320.8
28344|E21.1
8203|E21.2
607 14960 18247
2798921.3
60062|ngfr|1621.4
22049|E21.6
39395zgc:171416|1721.7
310021.9
3445222.0
1215522.1
10865|nos1|5/1522.3
20781LOC563393|19 670 21647
13623 3029822.5
2915123.1
3384823.3
24534|LG16/1923.8
3765424.0
32421|mylipa|1924.3
922624.6
2102925.0
1852925.4
17481|E25.7
3466025.8
1307425.9
2973726.0
897626.2
15866|otof|20/1726.5
28459|E26.7
3061|ndrg1l|1627.0
70575|RECQL4|1927.3
624629.1
37896 2393029.5
28285 17861zgc:153436|1929.6
2606030.4
24992 2787230.5
2414031.1
39564 28393zgc:171801|16 33092
356332.0
17470|E33.0
55777|E33.1
62063|E33.3
45842|E33.4
23663|E 60973zgc:194152|1634.4
50402LOC560407|1634.5
2398634.8
8148 2937035.8
2981935.9
26594|CEP192|1636.7
616138.0
19621 1764938.1
2436438.2
39490 2451839.3
750539.4
20377 2329840.1
3342840.2
65401|E40.4
37782 10882 15471
15823 25213 3234
18314 19471 6277
6227|ABCB11|16 5253 11041
9572 75066|asns|19

40.5

31968|E40.9
2904141.3
11329 12015 27482
34137 3246441.9
75268|E44.7
57430|E44.8
41596|E45.1
490345.3
2364545.5
34572zgc:103778|1646.6
138848.6
28691 1870648.7
4663zgc:77724|19 12833|LG1948.9
1807349.0
590651.8
14300 10171 21928
34402 2613 15054
30151

52.1

8503 1427152.2

LG11
15063 310180.0
39564.0
218524.1
325388.9
3922zgc:136939|229.9
760|E 54550|E13.2
44167|hspd1|913.7
10042 8517|epb41l5|915.2
27166 305115.3
44814|E15.9
40296|PDE9A|9 18145|E16.0
19564 4284 9048016.4
4646|kif5|9 19958|stam2|9 28534
29382 3919 32075|LMLN|9
6984 30175 37472
28454

16.5

2449017.4
13946 7202 642018.4
2242618.7
2419420.1
41056|E20.7
28475|E20.9
37907|dbr1|921.2
3185 58079|E21.7
34214|dbr1|9 57362B0UYC9_DANRE|922.0
3205622.1
50517|abca12|922.2
3547424.4
18360 1870024.7
7044 3200724.8
33783|cep70|2225.2
26749|pikfyve|925.6
37760|E26.8
46827.2
28192 3394628.4
3443529.0
38924 3507730.1
18330.7
21572 766731.0
45664zgc:153521|932.1
72531|E 25989|E32.4
21298 36186 8838
542633.2
3791733.5
2275633.8
1751034.4
25785|HECW2|234.7
5493|HECW2|2/2434.9
2914 2435935.1
771735.7
3279037.0
3223337.4
2327338.1
3257938.4
24803 2017538.8
1372639.4
36975 1642040.8
2153|itga6|940.9
3764141.1
1792041.9
612942.2
2842 1251842.3
3620842.5
591442.8
2750943.0
30094LOC557159|943.2
30759|MPP4|2143.3
11606 18453|aox1|22 3430
1325443.7
3433943.8
10235 7447|E43.9
7981 28716|E 20945|E
46312|E 46470|LG944.2
43389|E 13260 45496|SACS|15
23468 26764 7017|casp8|6
9489 10170 13419
17846 13784 28013
35602 24698 23338
17493 20906 22107|col5a2l|9
1768 17921 469
35593

44.3

39921|LG5 12814 13149
2482544.4
518844.6
10551|E45.2
38337 14467 20145
118645.4
35585 1445.5
321745.7
193346.5
827847.7
63848.0
2305748.8
12553|gtpbp1|3/2249.2
37345|E49.8
21070|E50.1
5533|E50.9
25575|E51.6
49421|E52.8
604854.3
3115654.9
1292455.1
2499956.9
3273657.3
3475057.8
3775958.3
570zgc:112178|1258.4
837559.6
3876759.7
2003259.9
25130 28472|gga1|660.3
389960.7
523860.9
37121LOC100150913|361.3
49388LOC799889|362.1
46355|myh9l262.2
21367|E62.6
50398|myh9l2|6 13189|ankrd54|362.8
8651|E63.1
11893|sept3|163.6
28823 19290 14840
29834 62558||st13|3 6395
32418 16013 36172

65.0

33753zgc:154097|366.3

LG12
13264 133490.0
153700.1
263202.3
356782.8
341533.1
37110zgc:158371|33.5
30839|eif2ak1|124.3
62884.4
370344.8
176745.2
44951|LG36.7
34865 35614|eef2k|12 16217
863 13862 230447.2
31469 81487||pms2|127.3
10414|E7.4
62415|E7.5
2343|kdelr2l|12/37.9
603|Mgrn1|38.1
1243 91988.5
120718.6
145728.7
20097|DNAH3|24 13359|DNAH3|248.8
44282|E11.2
3639611.7
850411.8
2645512.5
668512.6
123912.7
1133113.0
1738813.2
8413.5
4355LOC797939|314.4
57589|myh11|615.0
1354817.2
10264|KIAA0430|618.1
21744|pmm2|118.7
1937319.1
2566219.2
18967|usp7|321.1
52192|smg1|322.9
19691|smg1|3 1583LOC797939|323.6
12111 29042 11492
611825.3
19118|SYT17|Zv8NA25.7
3007925.8
3807926.3
32547 3087926.4
46586|arhgdig|3 976326.5
2056427.4
25103 3428427.6
853928.2
36618 700628.4
2871428.6
2597529.0
1694129.3
3197730.6
2131632.0
423832.4
47267|E33.3
59845|E34.0
75039|E35.6
34498 1711735.8
43601|grap|1035.9
18347|E 2109836.7
32712|vmhc|2 691136.8
4066 30034|hagh|3 29330
33652 5336 27836|vmhc|2
15000 3868 36747
17826

36.9

2412237.0
2551237.1
32026|E37.9
15203 48597LOC564487|339.3
36157 20166|C16orf28|3 2723|gnptg|2439.8
7813|E39.9
77793zgc162318|2440.2
34206 23614 30890
423 32759 37382
26112|stub1|24 2662 13792
23549 20088 5073
10686 23562

40.3

50019|rhot2|2440.5
81414|rhot2|2440.7
31263 17884 3700542.3
1314742.4
54499|E42.9
50676|E43.1
8783|E43.2
3394|smcr7|1 8793 259243.5
29310 2074 2976144.2
22242 2027545.4
7157|spag9|345.5
285545.8
29435 3947.5
27849.0
308649.2
805149.3
37656 36678|TTC18|349.6
899750.1
8173 2383 32488
4717 2913850.4
22123 228050.5
917 1216550.8
49522|E50.9
3714951.4
31470LOC571928|2251.6
30385|trap1|352.1
3339653.0
31758 3457455.1
2830855.2
1919756.3
50641zgc:92151|357.2
453258.4
27739 3886559.4
42870|ints1|359.8

LG13
109110.0
328241.5
34386|MCF2L2|112.0
308674.8
220084.9
54205.7
73076|E10.3
46254|PIK3CA|1110.8
9862|PIK3CA|1111.0
15462 37945|commd2|22 3315312.1
12334|E13.1
3298614.0
7072 972014.4
27059 7171 1734414.5
15577 12115 15843
6329 16031 19498
39339 29653

14.6

26620 22639 9555
3933314.9
8594|serpini1|1815.0
37275|dlg1|615.3
884215.6
28055|farsl|1515.9
1673316.0
223916.2
22582 3544818.0
1593918.1
39448 1635019.1
2553619.5
35703 19379 24414
80276|LG6 3878820.7
2788021.0
125021.2
29922 1856121.3
49905zgc123017|1522.8
912123.4
3335025.9
27397 1260327.1
7168 3075827.4
27878 2020927.9
28897|E28.5
22553 38892|E 39206|E29.8
14072|boka|630.0
80736|E30.1
1716831.6
3513232.7
18958 12356 24616
9670 8709 5492
14795|cpb1|24 11309 2614
23631|atr|2

32.8

1110932.9
2472934.0
44555|E 7637334.5
3374 1085 15015|abcf1|19
19416 3924 29166
1288

35.1

46201LOC556876|1535.8
57120|E 57412|E 67587|E35.9
22464 11517 27873
4666 620836.2
3765 17170 20110
10655 17268 20759
37076 11166 2477
49656LOC568103|15 16435 16444
16640 4089 19755
31783 26312|sept10|9 7821
23005 15967 6102
2051|rabep1|5 16816 8426
6446 5925 21585
37948 6396 12395
1114 37224|sept10|9 30837|tbc1d23|6

36.3

56145|E36.6
1856636.8
225836.9
3074637.0
1348LOC100004411|1537.4
551638.1
32357|E 52616|E38.5
1438438.7
47461|E39.0
73627|E 14965|E39.1
25932|EIF4G1|239.7
11404zgc:109983|141.9
3832842.2
3250842.8
2878443.8
2206|or101b1|21 1167544.5
269046.2
39966LOC559281|1546.7
3665447.5
2150249.4
27961 3148450.8

LG14
53740LOC1001481280.0
112080.7
135630.9
22250 2907 21800|retsat|31.4
135771.5
26470 14514 321231.8
196802.5
299373.5
239564.0
12909 321914.1
168325.9
37412|atxn7l3|36.4
16507 341357.2
24889zgc:174712|228.6
183438.8
16872|E8.9
36467|E9.0
30273|E 54675|E9.3
32778|nmt1a|39.5
31691|E12.0
30622 6398 16346
9952 15184 22401|lrp|12
67364|gfap|3 18243 10023

13.3

16086 26344 7325
29999 36696 34438|spop|313.4
28783|gfap|313.5
8192|LG2/1213.6
22981zgc:92337|2414.4
2547814.5
28849|rpl27|314.7
21128|aarsd1|1215.0
39212|E15.2
526015.3
1499415.5
1332015.6
323815.7
6944|RUNDC1|316.0
628416.1
36535|gosr2|316.6
6300 12072 31743
2906817.1
13721|hsd17b1|317.7
17654 23557|fkbp9|1918.2
3319018.6
1863|E18.8
42128|stat5.2|12/318.9
2505219.1
16851 18743 3391319.2
38400 2289 13770
774919.3
3794219.5
22856|E19.8
1071821.1
2962822.2
33147|top2b|1922.5
47199|LG19 1622023.0
27344 25094|top2a|1223.1
72823.3
2374123.7
2322924.0
39672zgc101654|12 76929|E24.5
3275424.6
984825.3
1921925.4
2775026.1
1363226.2
25048|E 3170 19946|E27.9
562628.2
47026|E28.3
6224|E 15591|E28.7
47291|E29.1
31772|E29.4
1067230.5
2431731.1
36968 1926031.2
29840|itga6|931.4
10303|E32.2
46116|E32.6
1565132.9
1489|itga6|933.6
14203zgc:63736|333.8
1837633.9
15905|itga6|934.1
1555734.3
29792|cbx1a/b|3|1237.2
26702 56071|E37.3
3035238.1
3315 46433|psmb3|6 2395138.4
35883 3481038.5
14049 45799|ccdc49|2 1645238.6
34393 55179|grnb|24 2952438.7
1780939.1
12678|osbpl7|1239.8
520840.6
37821|E44.7
44832|LG2/2444.9
1805746.4
605447.8
34035 2246249.7
3119250.3
14570 388950.6
2788651.3
57765|krt15|1151.9

LG15
61280.0

326772.2
172113.1

300095.7
7495 49085|adss|136.7
55228|efemp1|228.1
38699 11459 368549.0
72703|E 13880zgc:123116|229.5
36167|E9.9
72126|cep170|6/1310.1
23361|E10.6
1178110.7
36593|E 65274|E11.0
3287211.1
16532|E11.4
31601 2118611.6
51792zgc:112095|22 675211.7
53467|E 39450zgc112095|2211.8
5591zgc:136497|13 2941812.3
39640 1499712.4
1192 5961 38537
9989 1264 74674|capn9|1
9869

12.5

36138|E12.6
36350 10187 4434
7151 21463 25630
27852|dla|1 10838 6016
6459 20981 16925

13.7

36475|NP_001038494.113.8
3649414.5
2259314.6
10736|E14.8
50654|E17.2
34538|E17.3
32646|E17.6
29929|ANAPC1|1319.3
1051320.3
1329221.2
2030822.4
1778122.6
3292222.7
34528 33405zgc:66299|1323.1
2197423.4
2703423.5
1774923.6
6754|E23.8
29894 2253725.7
1173325.8
34549|im:6908224|525.9
46190|arid4b|1326.8
2940026.9
36726|snrpb2|130.3
1159531.2
25873|plek|1331.4
3402 1084032.5
21516|E32.9
17838zgc:195037|133.5
70524zgc:195037|133.6
87333.9
7265|E34.2
24770 15724|asb3|1234.9
29206ch211b101n13|1335.1
915235.5
1728636.6
3062137.1
3735937.7
66679|E38.3
15249|E38.4
381339.5
1479 17396|LG1241.5
925141.8
1731942.4
2889943.2
555143.4
37685 3676846.1
2116749.7
3560449.8
20174 5645 8898
37179|Zv8_scaffold 36250 33643|CUL7|13
34429 32871 38071

49.9

1798651.6
53881|actn1|13/2151.8
22018|E52.0
59926|E52.8
19655|E53.3
45256zgc:163080|1353.7
7305 1885154.1
2924254.2
12073 1945254.3
2501|nvl|1354.7
47588|nvl|1354.8
2741855.1
14687 1544856.4

20052|macf1|19 17586 22042|gclc|13
22778 2286359.1

2329160.2
2101061.2
33145 2136961.3

LG16
369970.0
115770.3
269380.4
381520.5

329217.5
163098.6
32018 155488.7
278969.3

22300 2648312.4

11640|E 64203|E14.5
10287|f5|915.2
1881416.1
1048717.4
31965 1676017.7
770517.8
394717.9
612618.3
1397218.4
21427 20310 22821
3192 28245 1615720.3
810120.4
598521.1
2882421.2
12335|tm9sf2|1 3919023.7
946523.8
9050|E24.4
3304725.2
2678126.9
2209627.0
11074 33003 11377
28114 2877 27306
21124

27.1

28474 2227827.3
3113727.4
3086328.8
36480|E29.0
7004 1570229.1
895|E29.3
2795 25988 3631
25104 63486|cbr1|129.4
39754|dopey1|1629.9
886130.3
38326 228330.5
61734|E32.5
58169|E33.8
55376|slc9a7|6 2860 2971634.6

3698537.1
2076437.2
3773437.9
3800239.0
44674|inpp4a|9/6 10593 1521339.2
1126339.3

24806|E41.9

3383|sprx|943.8
3803343.9

15765|E45.5
1706846.1
2938047.2
8462 28007|LG447.4

42087|tubgcp5|6 29226 3575949.9
9818LOC568797|1651.9
1883752.6
52980|grk1a|152.7
2251052.9
2895753.2
3764053.5
17172|E54.4
3572255.1
38966 39010 30077
13882 999 29536
31913

55.2

1901855.4
1754455.7
9622 39078|ezr|20 20253
19557.6
38559|E58.5
30561|E 5008|E 7670|E
1864858.7
2041859.4
3747 19502 34705|dmd|1
11104 14145 25533
39501 25087

59.5

20473|E61.2
24899|E62.2
7861LOC792620|962.6
3136163.1
14015 29678 666363.2
12825dkey208b23|864.0
31998 1508264.1
391765.5
32730|NP_001153138.167.5
34729 2943068.5
70271|rad54b|1668.7

LG17
73660.0
57471|LG2 34247 30021
7220 134671.1
289271.4

131154.8
193765.1
127535.3

1332|E9.8
63|E10.2
2638511.3
38404LOC795041|612.1
198312.5
1349 2838112.6
3606412.7
3589113.0
1508113.2
1643313.3
21663 10244 4681
8268 2726313.5
18199 6228 8930
1094213.6
2035413.9
79219|E14.3
6974|E14.4
38976|E 13601 3003514.7
1360 33503 14792
2959815.8
1511716.1
28402 3831917.8
2401320.5
41500|E20.6
49326|E21.2
305721.5
22058 2388421.6
215921.7
5570|E 14440|E23.2
17148 2898023.9
4546|ncoa2|2424.0
46258|smyhc3|24 1143524.8
230424.9
2222425.1
45440zgc158828|2325.4
62640|E26.6
1459|lama5|2327.9
61348|E28.2
26588zgc158828|2328.5
27854|E28.7
2203529.3
1089LOC795534|1130.6
216431.2
3488631.7
1673832.0
2748032.7
11232LOC797906|2334.2
32925|E34.5
758034.7
415535.0
14221LOC570014|2335.4
13664|E35.9
34739|E 4427|E36.4
19356 1769|E 3919236.7
3877137.0
410537.4
7627 3517237.5
22543 3653 26941|slco4a1|23
12685 32428 16857
37414

37.6

72875zgc:92392|638.3
35179 19258 18821
3669538.7
11655 39479 17657
647038.8
516939.0
5125|rbm39a|11 3082139.2
2033839.3
38679|rbm39a|1139.6
2261439.8
1436540.6
31634|E40.9
20690 1441041.3
11167zgc:123190|6 107841.6
3759|E43.5
16040|E44.1
3683344.6
48920|rbl1|644.8
1598745.6
276045.8
2702|ctsa/LG646.1
426647.6
3965550.4
18629 2070053.3
60053.5
1094554.7
1941156.1
3311756.2
288356.3

2279360.9

LG18
121 37710.0
7350 164920.1
97801.3
310763.3
36526 43697|acer1|84.8
187796.4
28936.7
17890 114746.8
331777.4
24494|E7.6
3042|E8.0
13452|E8.8
9988|fzr1|8 18345|E8.9
2459.5
23828 233099.8
1969|E9.9
16754|E10.5
22799 1354711.3
3670311.7
22249|ifi30|2 6718 2783111.8
19809 21031|ifi30|212.1
3587112.8
286113.4
14149|LG1114.2
2513214.6
3164514.8
2053716.2
2229116.3
1981316.4
2014616.9
1682317.2
1853818.0
55450|E18.1
50916|E18.5
30726|E20.0
2430221.0
2648722.8
2963222.9
430923.0
4157 589823.1
61382|neurocan|2224.0
32503|E24.5
5946|cilp|2224.9
3565625.1
1888125.3
5362 3327025.4
801225.5
24724|E26.1
1267626.3
65535|E26.6
62668|E26.8
10225|sppl2|227.3
53173|E27.6
36762|E 28617|E27.8
13900 1301928.0
481028.3
38751 1020228.5
31927|fbn2a|5 71026|SBNO2|2 67013|E
25185 10453 39979
7676

28.6

26161|timm44|2229.0
17244 2062329.6
3095229.7
39007 22111 1892934.6
571135.0
1244435.4
3115835.7
1513136.5
221936.9
3857737.1
13372|ssbp4|2237.3
1862337.5
1514137.9
73247|E38.1
3087838.3
14468 2264039.4
521239.9
3274840.5
1290 18650 984940.6
1363940.7
16644|E41.3
626341.7
1992741.8
419742.4
31895 778842.6
1860042.7
3154143.0
3485243.1
28594LOC563806|243.2
21267|DOT1L|2243.4
28973|E44.8
28985LOC564019|22 64486|E 3654645.7
1660dkey94n12.4|2247.4
2277648.5
3328450.0
773450.3
654350.5
56811|gro2|1850.6
9084 3000251.0
17546zgc:101761|252.5

LG19
35800.0
84291.5
269072.6
29254zgc:55395|83.2
44249zgc:63587|86.9
14835 34407 20412
30666 13174 269537.9
33143|mapk1|59.6
169449.8
14299|E11.1
15051|mapk1|511.6
962|E11.9
62825|E12.7
2139113.2
26365 20103 3141
26679 13641 28547
26140 34718

13.4

3107513.5
3212413.7
2623014.1
1538914.2
71055|GCN1L1|1 26053|ufd1l|814.6
27806|NP_00103014415.0
12601 9255 677|pi4ka|1015.1
10494|E16.1
9385|gats|5 1992917.1
1784317.8
806017.9
34592 40852|LG5 1658zgc:110331|518.1
12789 26615 23289
2484418.2
1519718.6
17946|E18.8
2241019.1
60863NP_001030144.119.3
14942|golga3|520.6
67475|E22.7
3045723.2
3770224.6
2756 319925.4
512 34428 61924|DNCH1|5
1452525.5
3891527.0
71046|E28.4
3649228.8
31559|pole|528.9
29287|E29.1
31020|E29.5
4113 9445 1413931.0
1712932.5
24334 311733.1
2393533.4
54881|E 59896|E33.5
3021933.8
65488|setd1ba|1034.1
11929|E34.4
38193 2403234.9
939835.3
3059835.4
46726|Aldh2b|535.6
8142 28505 21829
19543 23320 10696
36288

36.0

9936 3457|morc2|25 17464
26639 2969|NAA25|10 1151636.1
1844|E36.5
1638137.6
11691|rad9a|837.8
2436238.9
49929LOC561109|739.1
45938LOC100006497|1040.7
7022|E41.0
24610|E41.4
1994941.7
25582|rabgef1|1042.0
22647|myo18l1|1542.2
270LOC563377|742.6
65233LOC563642|1742.9
55158|LG543.1
576143.9
2336044.8
3384744.9
4983 14184 513145.7
10989|ap1b1|5 8616 29163
30984 10477 1380946.5
280946.6
3043148.5
11616 49717|myo18l149.3
362849.4

LG20

65038|entpd2a.1|50.0
74438|cul|50.4

45345|angptl2|88.6
2551510.2
752210.4
55802|E12.5
25585|E12.7
2036012.8
25353 17400 1086713.4
24138 1257513.5
13720|E 59807|E 40774|E
45076|E14.0
452314.3
54523|ehmt1a|514.8
34596dkeyb266h7.1|514.9
78751|SLC31A2|21 15719 5568|cobra1|5
2340115.0
17494 20834|tnc|5 2777815.1
64605dkey286j20.1|515.4
13200|E 59683|E15.6
2889216.3
2536316.9
3411217.6
2368 33485|ndor1|Zv818.0
27448zgc:92317|518.2
299618.4
6421|E18.8
16197|E19.0
41881|E21.2
36803|E22.3
11359|E25.0
36367|E 24476|E25.3
19910|E25.7
19689|FKBP15|5/825.9
1246026.3
34450 3083826.5
37574 35795 375726.7
309726.8
3504327.1
2234228.8
2952731.1
898631.3
23791 20573|GARNL3|5 3561231.4
953731.7
1040232.0
44906zgc:55582|2132.2
12788|E32.5
51596|E33.8
26104|sb:cb627|1035.1
1257435.3
754336.0
20292 7656 19347|QSOX2|836.1
3217036.2
78807zgc:55582|2136.6
2123136.8
3162837.2
26480|E37.8
43141|E38.0
958539.5
3119042.9
10381 24067 3288143.1
1284243.5
33269|E44.4
3737944.8
989145.2
44883|E45.7
3785646.0
1614546.1
29926|E46.5
56512|E46.7
9601 2273847.0
43682|gpsm2l|1248.2
18713|E49.1
1052549.5
2474250.2
15708|E53.5
1791554.6
8118|spna2|2154.9
1098555.2
3341055.4
10461 18513|ODF2|8 4541zgc:171891|21
1402 33706 35051
27215 4684

55.7

3803655.8
34271|spna2|2155.9
37591|E56.2
76803zgc152955|556.8
35777|E57.3
453557.8
44660|gsna|2158.3
66007|gle1l|8 13273 31117
18505 210058.5
3448558.6
240459.3
3495859.5
757360.1
3270260.3

LG21
355320.0
12018 38236
107160.3
172760.7
273080.9
6993|gdpd1|15 116311.1
176201.2
123076.3
128767.0
19207|WBSCR22|157.7
72628||bckdk|58.1
39188|ncf1|58.3
22653zgc:64133|108.4
30918.9
53079|E9.1
15911|spns3|511.1
2092511.2
3954 12079
35092 2675611.3
2517312.5
20903 15334
2940312.9
62028|ftr83|513.3
228|CLDN3|21 9840
2241313.4
58102|rabgef1|1013.6
17256 67167|por|1013.7
33359 9455
15306 25449
35918

13.8

9254 18795
11427 35123
20062 27969
16511 13957
19736|WBSCR16|5 7274
726|ppm1e|10

13.9

1371714.0
11947|E17.3
19573|E18.0
26193|E18.3
4214 2321819.3
2912921.1
204821.4
194021.5
1962222.5
2982523.6
45702zgc:101719|1523.9
3750624.5
2142325.3
3658727.6
1262128.3
62364|E28.8
10862|prpf8|1529.3
35995|asl|21 31010|asl|2129.4
42045|E29.5
78754|prpf8|1530.1
291930.5
35248|nos2b|1530.7
19792|supt6h|2133.8
37653|E34.9
1737836.8
2370337.9
57039|E38.2
50993|sarm1|1538.4
2692 8941
23118|nos2a|5/15 1165038.6
2881938.7
105|gale|1739.2
50499NR_023325.1|1539.5
14717 34267
21403 3214439.7
1985 35855|traf4a|15
23548 34563
3413 28031
20056|kif23|18 44734|LG22/4
7463 6086
11251 9107
35235 30221zgc:92072|21

39.8

46672|E41.1
32131|E41.2
32270|E41.5
25270|E41.7
64337|slc43a2|1542.3
985942.7
25770NR_023325.1|1542.8
531843.7
1056545.3
1710946.5
3199547.2
2042648.6
4925 2492149.3

LG22
242450.0
4292.4
287223.1
350605.1
13570|klhl36|186.5
40425|CMIP|18 243226.6
220116.8
39901|E8.0
10787|E9.0
63033|E9.4
1047510.0
336910.3
12019 32885
2746611.1
25633|wwox|25 27402
20650 26893
15587 5870|E

11.2

3133611.4
8216 2973112.1
3292412.2
3635312.4
854012.6
1186813.2
1711513.3
16903|LG2513.6
9513|ck2a2a|7/25 69137|ccdc113|25
16243 49445zgc:91896|2514.5
820915.5
33081|E16.8
45673|sept7b|2517.1
23212|E17.3
4932 26401|im:7149048|7
16250 30907
14691

17.6

1133417.8
12614zgc:63614|NA 41463|NFAT518.0
19402|dhx38|7 190818.6
1444718.7
28858|E19.7
34433|E19.8
3683120.0
78051|E20.2
48898|E20.3
4445|E20.6
24009|E20.7
3279 20718
3181321.0
476921.2
37687 53930LOC561185|2521.3
1635|katnb1|721.4
3594 251923.0
241723.4
619623.5
51461|E23.6
22852 21515
11683 2108823.7
317523.9
41730|E24.0
350824.1
3459724.2
22307 407424.3
245625.0
2977225.9
2255227.2
13021|DNER|1827.3
854327.6
1375027.9
6182 23422
33533 3330930.9
6393 30711
3945331.0
1302331.2
28196|sf3b3|18 20616|aars|1831.5
8193|E 24624|E
26595|E 20673|E31.9
53679|E33.0
44079|E 54725|E33.2
478333.7
21934 3628534.2
8442 12310LOC100005144|2534.4
36391|bbs2|1834.5
2857735.1
1051735.3
103437.0
1799138.1
789238.4
3479940.4

LG23
13931|wu:fk48d07|16b2.1
7628b0.8
87440.0
4724 140740.7
271062.3
25901 5229
374313.8
8904.4
22379|E 19446|KCNN4|164.8
284695.1
174656.1
60717|E8.1
8339 21444
30772|E 39680
4731 16162
5346 22879

8.5

200698.7
39256|gapdhs|169.2
30675|E12.2
70749|PLAUR|1712.7
2930813.5
30108zgc:91996|Zv813.9
1997 34974
2018415.7
25122 425617.4
37684zgc:92308|19 38186|RUSC1|1617.6
722517.8
16371|setdb1b|16 382|setdb1b|16
36489zgc:158838|1617.9
50996|dap3|1618.1
3141318.4
44404zgc:92649|718.5
253218.7
18062|E19.3
73468|rit1|19 37468|E19.5
19360 30717
26223 33640|prpf3|16
23616

19.9

21079zgc:109898|120.6
7010|npr1LG1920.8
14962|rit1|1921.1
2967621.7
14047|prune|1622.1
2580822.9
3713823.0
2569323.3
1035623.9
524624.0
3659224.7
17840 269zgc101891|1624.9
12461LOC561423|19/1625.3
903925.8
15284 689
3789227.2
17788 39482|mrpl24|19
3032527.5
43467|pi4kb|1627.6
46712|E28.1
31218 3751528.7
78359|E29.3
47821|mrpl24|19 6667
1847029.8
2455629.9
34900 30257
24762 1984932.0
431833.0
29645 3878333.1
1245134.2
1648 21880
561634.3
27231 3863034.4
1261834.5
16277|E34.8
16490|E 53594|E35.4
2282336.8
19815zgc158494|1037.7
2380539.1

1917045.3

3500747.4
867847.5

3005zgc:158494|1051.5
2176751.7

LG24
349980.0
1666 75610.1
97870.5
23174zgc73275|21.1
369982.2

399756.0
289017.5
290998.3
402910.0
2877610.9
17456|E11.3
5887 2210112.4
796912.6
1491912.9
52599|hspg2|2313.1
70151|E13.5
29850|E14.1
3207914.2
31398 54630|hspg2|23
21871 386114.4
2520314.5
11671|E14.7
1926414.8
2997 16972|E14.9
6963 602215.0
1851215.3
3629515.4
2785815.7
59555|E15.8
35452 4823
66959|per3|1115.9
26774|dnajc11|2316.0
11421zgc:153648|2316.4
107616.6
338817.1
3757719.2
1378322.5

2571025.7
271827.3
7554 29156
12570 1970627.4
3044127.6

2535 4493
3166031.0
42030LOC407625|2331.5
842131.9
33583LOC407625|2332.9
27194|E33.3
11613 19072
2378833.8
31161|cdc2l134.8
3621235.7
16055zgc:113312|1135.9
16369LOC568307|836.1
1944036.2
429636.4
1226937.8
32138LOC567448|8 30487|MNFN2|838.4
6889|E38.5
12908|cdc2l1|8 3362739.0
772|E40.0
61944|E40.1
22164|MIB2|Zv8NA40.6
76666|dffa|2340.7
545541.4
66044|E42.0
76233LOC568307|842.7
1267043.3
13364|ddost|2343.9
3294|kif1b|2344.1
18177 8914
14279 510
17169|mtor|8 37343
34689 7706

44.6

131346.5
34688|E46.6
14460|E48.3
26912|AGRN/Hsa148.6
491449.4
61867|E50.2
2067750.9
34712 2315751.4

27zgc:154176|2255.8
2020356.1
2746456.6
2809656.7
2572 2900556.8

LG25
118570.0
4148|LG180.3

322204.3

312755.6

138308.2

23829.7
3059 843410.3

7811.9
2762712.0

2324616.8
18912|E17.8
2461418.7
35811|id:ibd1064|1820.9
68943|E22.1
46045LOC799102|1822.8
27797 10067 15566
57056LOC569773|15 30460 28319
18940 13012 12663
15143 16966 3434
36748 15174 24712
20715 12879

22.9

30148|E23.5
3486 15283 12281
864123.9
529824.2
46634|E 6621|E24.7
2455025.1
19516 6150 458227.0
35227|pdzd3|1527.2
2838327.4
2063527.5
3098028.1
225928.3
78411|ALPK1|728.5
825228.6
11656|E30.5
19162LOC556554|1530.8
50498|E31.3
25560|E31.5
3951732.0
3257232.6
2882932.7
2285432.8
20035|dscaml|1533.1
949133.2
3202733.5
1806733.9
2296034.1
2004534.5
29168 1539034.7
632134.9
68735|E35.2
14721|E35.3
13545|E 47171|E35.4
76135.5
21129 26276|NCAPD2|235.7
22305|tagln|1535.8
30026 20456 3914336.5
30450 5 3671
11249 10062 35212
4034

36.6

3152536.8
18194 1140637.2
1635737.4
12505|E41.5
2018542.3
72363|E43.7
2505945.5
3160449.2
30683 2636051.3
31326|hist1h4l|7/5 33714zgc171680|1651.4

42752zgc92476|19/654.7
31412 3182954.9

71361zgc:136982|1658.0

2874559.3

LG26 LG28
455020.0

3775|pc|73.3

228124.9

148635.9

20587.9
8405 262168.4

14569|E10.0
26867|E10.2
1496311.8
30483 46030|hif1al|1512.0
3327912.4
47445|adssl|2112.5
3863713.0

3165915.3
2502915.5
1018315.6
1287816.5
22871|E17.0

35733LOC562282|7 1222518.8

56963|E20.3

3511622.4
23180|zfpl1|522.5

3644525.3
10077|SPTBN2|525.6

45152|E28.4
2310728.9
2884729.0
1747729.1
23168 1651730.1
78044|E30.7
3580831.5
659231.7
15025|E32.8
4827 3700633.8
2736334.1
1115734.4
33370|EHBP1L135.0

691637.7
3430337.9

62233|E40.3
34798|SIPA1|Zv8NA40.7
3047640.8
3560741.0
1083041.1

348242.9
3062643.5

59436|S45.1
931|E45.8

1786|S50.4
35233|S 852750.6
23784|S 102310|S 21021LOC563265|14
33982 90929|S 5303|S
15848|S 23982|S

50.7

21848|LG24/25/1955.7

13776|LG40.0

598431.2

10219|flot1|19/162.2

15138 225183.4

8277 4452zgc:66432|16 39647LOC796283|25.7
22322 209615.8
15103LOC796283|26.4
237746.7
350677.1

6828210.7

1349220.6

65435|vars2|1924.8

1133031.9

38408|gabbr1|15/1933.0

2345834.7

2148837.9
10808|skiv2l|1938.8

44613|LG1640.0

37715|CTL5B_DANRE43.4

69264|rxrba|1944.9

2260546.3
68273|col11a2|1946.4

12710|LG3/8?47.9
642348.6

75108|TAP1|1654.8

29397 747461.2
6181461.3

LG29
359280.0
313900.1
278550.7
366811.0
395431.1

34381|E3.9

164967.8
7457.9

1653911.3

1616616.1
22436|cars|716.5
36071ch211236l14|2518.0
46683|E18.6
3533118.9
50224|lrp5|25 242419.0
582019.1
688|E 5269 19325
29480 7547 19779
33926 8944 32009
25959 25565

19.2

58082|ipo7|7 5648|E20.2
69122|st5|7 16918|ipo7|7 35300
611520.3
1735421.1
14208LOC563041|1821.6
33604|E21.9
34034 39302 2210
399622.5
4566 1295823.5
9481|im:7156396|2524.2
520524.7
13078 2912825.5
27272ch211220f16|18 3678826.2
10516|E27.1
2974528.5
1314628.9
29110|E30.3
831231.8
26771|E32.8
9723|E32.9
5890|E33.3
1283833.7
32580LOC100150917|7 30774LOC559304|734.0
2936334.5
753836.0
34916|E36.2
61285|E36.3
3904437.1
23844|sc:d148|2537.2
3099 5168|LG7 35340
32183 2044137.3
26942|ANO9|7 6867 31481
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- multiple RAD sites per segregating marker means that 
more of the genome can be tiled

- Mis-assemblies are easily identified



stack

Collate/Assemble PE readsMatch to marker catalog

TGCAGGGGTATTAGCATAA
AACTAATTTTTCACTAGCCATCTTGAATGTGAGTAGCATTTTAAGTAACTATAATTG

Using PE RAD
for local 
assembly

EST Library

CGGCGGAGCCAATACTACATGAAATATGGGAACCCCAACTACGGGGGGATGAAGGGAATCCTCAGCAACTCCTGGAAGCGGCGCTACCATTCCCGGCGGATCCAG

CTGAAGGAGCTGTTACCGGACACCAGCCGGCGCTACGAGAACAAAGCTGGGACCTTCATCACGGGAATCGATGTCACCTCAAAGGAGGCCGTGGAGAAGAAGGAGCAGCGGGCCCGGCGGTTCTCGTGTGG

TTCCACTTCCGCGCCGAGGTCAACCTGGCCCAGAGGAACGTGGTGCTGGACCGGGACAGGATGAGGAAGGCTGTGCCTAAAGCGCGCTTGGAGGCTCTGCACGTGACTGGAGTTGATGAGGGTGTCGTGTA

ATGAGCACTCAGGACGTGTTTGGCTACTTCAAGGAGTATCCCCCCGCCCACATCGAGTGGATAGACGACACCTCCTGTAATGTGGTGTGGCTTGATGACGTCACCTCAACCCGAGCCCTCCGGGACGTCCT

ATCAACATGAGCCGCATGCCGGACCCCGCCGCCACCAAGGCCGACCCGGAGGAGAGCGCCCCCACACGGAGCGGGAGGGACCGGCGAGGAAGGGACTCGGACGAGGAGGCGGAGGAAGGCTGG

GAGGTTGAGGATGATGAGGATGAGAAGAGCAGCACTGGCAGTGCGGGGAAGCCCAGCGACAGTGAGGAAGAGTCGGAGAAGAAGCCCGCTCCTGAAATCACAGAGACTGACGAGCTGTCCAACACCGCCAC

CAGGCCGAGAGAGAGTCGCTCCTCCGAAATGACCTGCGGCCCGCCACCAAACCCTTCAAGGGGAACAAGCTGTTCCTGAGGTTTGCCACTCAGGATGATAAGAAAGAACTGGGCGCCGCCCCCGCCGTACA

ACCAAGAAGAGCCTCATCGGAGACAGCGTGGGGCTGAC

BLASTn BLASTnAssociate
markers / PE
contigs with 
ESTs & genomic 
contigs
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Overall Conclusions

Genomics can be a tool for enabling new ecology and evolution research
- documenting patterns of genetic variation
- identifying the molecular genetic basis of important phenotypic variation
- assessing how ecological processes structure this genetic variation in genomes
- RAD-seq is a powerful tool for SNP identification and genotyping
- analytical and computational approaches are challenging but 

Not your father’s genome assembly
- a mixture of data types can be efficiently combined
- a genetic map is extremely useful for pulling it all together
- having a tiled genome is good enough - it doesn’t have to be completely closed

Open Source Genomics provides a suite of breakthrough technologies
- the molecular approaches are not as daunting as they first appear
- analytical and computational approaches are challenging
- New software tools can help, but knowledge of Unix and Python is essential
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