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Supplementary Figure S16: Circos plot showing synteny between the assembled genome
Cebidichthys violaceus and Gasterosteus aculeatus (three-spined stickleback). There are 21
chromosomes (green boxes) which represent the three-spined stickleback genome. There are
114 blue boxes which are 1 MB or greater that represent the C. violaceus genome. There are 353
contigs that are less than 1 MB which were concatenated into box labeled as 115. Gray strands
indicate syntenic regions between the two genomes. Both G. aculeatus and C. violaceus
illustrations were drawn by Andrea Dingeldein.
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Supplementary Figure S17: Circos plot showing synteny between the assembled genome
Cebidichthys violaceus and Lepisosteus oculatus (Spotted gar). There are 29 linkage groups
(orange boxes) which represent the Spotted gar genome. There are 114 blue boxes which are 1
MB or greater that represent the C. violaceus genome. There are 353 contigs that are less than 1
MB which were concatenated into box labeled as 115. Gray strands indicate syntenic regions
between the two genomes. Lepisosteus oculatus photo was taken by David Solomon and the C.
violaceus illustration was drawn by Andrea Dingeldein.
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Supplementary Figure S18: Circos plot showing synteny between the assembled genome
Cebidichthys violaceus and Danio rerio (Zebrafish). There are 25 chromosomes (yellow
boxes) which represent the zebrafish genome. There are 114 blue boxes which are 1 MB or
greater that represent the C. violaceus genome. There are 353 contigs that are less than 1 MB
which were concatenated into box labeled as 115. Gray strands indicate syntenic regions
between the two genomes. Both D. rerio and C. violaceus illustrations were drawn by Andrea
Dingeldein.
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Supplementary Figure S19: Circos plot showing synteny between the assembled genome
Cebidichthys violaceus and Oryzias latipes (Japanese rice fish). There are 24 chromosomes
(red boxes) which represent the Japanese rice fish genome. There are 114 blue boxes which are
1 MB or greater that represent the C. violaceus genome. There are 353 contigs that are less than
1 MB which were concatenated into box labeled as 115. Gray strands indicate syntenic regions
between the two genomes. Both O. latipes and C. violaceus illustrations were drawn by Andrea
Dingeldein.
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Supplementary Figure S20

Supplementary Figure S20: Gene copy number and molecular evolution of Opsin Short
Wave Sensitive (opnlsw) genes. a, Synteny map for opnlsw genes from Danio rerio,
Oreochromis niloticus, Gasterosteus aculeatus, and Cebidichthys violaceus. D. rerio, G.
aculeatus, and C. violaceus were drawn by Andrea Dingeldein. O. niloticus illustration was was
taken from www.fao.org. b, An adaptive Branch-Site Random Effects Likelihood (aBSREL) test
for episodic diversification was estimated and represented as a phylogenetic tree for opnlsw
genes from C. violaceus and three other fishes.  is the ratio of nonsynonymous to synonymous
substitutions. The color gradient represents the magnitude of the corresponding . Branches
thicker than the other branches have a P<0.05 (corrected for multiple testing) to reject the null
hypothesis of all ® on that branch (neutral or negative selection only). A thick branch is
considered to have experienced diversifying positive selection. ¢, The output of Mixed Efffects
Model of Evolution (MEME) to detect episodic positive/diversifying selection at sites. 3+ is the
non-synonymous substitution rate at a site for the positive/neutral evolution throughout the
sequence of the gene. ** is an indication that the positive/diversifying site is statistically
significant with a p-value < 0.01 and * is for p-value < 0.05.
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Table 1

Supplementary Table S2: Genome Sequencing
Information

Pacific Biosciences

Number of SMRT Cells 40

Amount Polymerase in picomolar (pM)* 150 (17); 200 (1); 300 (13); 400 (9)
Total Number of Reads 2,421,941

Average N50 (bp) 17,102.78

Total data (Mb) 29,700

lllumina (100 Paired End Sequencing)

Number of Lanes 2
Number of Reads from the 1st Lane (Both Reads 1 and 2) 422,313,916
Number of Reads from the 2nd Lane (Both Reads 1 and 2) 423,075,242
Total data (Mb) 84,539

* values within parentheses indicate the amount of SMRT
cells used
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Supplementary Table S3: Transcriptomic Sequencing Information and Trinity Assembly

Table 1

Liver

Brain

Heart

Gill

Pyloric Caeca
Proximal Intestine
Middle Intestine
Spleen

Gonad (Testes)

TUBE ID

CVv100

Cvos
CV97,98,99
Cvoe

Cvae

CVv97,98
CVv97,98
CV97,98,99,100
CV99,100

Barcode ID

ACAGTG
GCCAAT
CAGATC
CGATGT
CTTGTA

TGACCA
AGTTCC
ATGTCA
AGTCAA

Number of Reads

1st lane

7,954,337
12,832,744
17,371,046
12,365,345
16,098,871
10,420,112
16,528,911
31,903,535
14,000,194

Number of Reads

2nd lane

8,119,254
13,197,868
17,402,450
11,647,444
18,297,873

9,421,382
16,500,293
39,356,506
16,098,169

Trimmomatic

14,705,062
25,319,484
33,817,846
22,903,000
33,400,321
15,949,732
31,957,043
69,076,597
29,305,941

Normalized

1,330,380
7,389,717
3,961,155
4,518,995
4,396,658
2,621,189
4,805,496
6,354,519
9,061,164

Mapped (Overall)

71.5%
83.7%
84.8%
80.5%
83.3%
69.7%
83.8%
81.5%
67.37%

Aligned Pairs

849,686
5,711,530
3,129,930
3,354,450
3,400,229
1,602,595
3,740,247
4,796,120
5,640,612

Transcripts Present

20,008
60,430
35,570
78,629
40,201
37,277
41,978
48,270
60,487
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Supplementary Table S4: RepeatMasker for the C. violaceus assembled

genome

Retroelements
SINEs:
Penelope
LINEs:
CRE/SLACS
L2/CR1/Rex
R1/LOA/Jockey
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gﬁiﬁéé@iﬂ&gbiem is the author/fund

osted October 31, 2018. right holder for th
gg\ll rights reserved. No reﬂeamed without permis

RTE/Bov-B
L1/CIN4

LTR elements:
BEL/Pao
Ty1/Copia
Gypsy/DIRS1

Retroviral

DNA transposons
hobo-Activator
Tc1-1IS630-Pogo
En-Spm
MuDR-I1S905
PiggyBac
Tourist/Harbinger

Other (Mirage, P-element,
Transib)

Rolling-circles

Unclassified:

Total interspersed repeats:

Small RNA:

Satellites:
Simple repeats:

Low complexity:

Number of
Elements

11715
1985
60
8905
0
4980
0

3316
336
825
20
22
703
79

10562

4384
4812

352
178

203

2430

4
468887
37947

Length
Occupied (bp)

5340689
223655
24362
4191047
0
2049678
0

1768649
205561
925987
36895
20106
846315
22637

2582768
730619
1690957
0

0

30854
26872

21708

7945165

215618

1112
27486227
2434577

Percentage of
Sequence (%)

0.9
0.04
0.0
0.71
0.0
0.35
0.0

ﬁ)ﬁprint (which was not

0.3
0.03
0.16
0.01
0.0
0.14
0.0

0.44
0.12
0.29
0.0

0.0

0.01
0.00
0.00

0.0

0.0

1.34

0.04

0.00
4.64
0.41
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Table 1

Supplementary Table S5: Genome Size Estimation with Jellyfish v2.2.0 (Marcais
and Kingsford, 2011)

Kmer Size Peak Genome Estimate
Size
31 45 657,524,901
29 46 661,608,906
27 48 651,654,143
25 49 655,607,918
Average Genome 656,598,967
Estimation
Standard 4,138,853
Deviation
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Supplementary Table S6: BUSCO v3 Estimation on the Cebidichthys
violaceus genome

BUSCO V3
Complete BUSCOs 2508
Complete BUSCOs and single-copy BUSCOs 2474
Complete BUSCOs and duplicated BUSCOs 34
Fragmented BUSCOs 28
Missing BUSCOs 50
Total BUSCO groups searched 2586
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Table 1

Supplementary Table S7: RepeatMasker for the Genome Guided (TRINITY) Transcriptome

R e by peer review) is trel ANLEMBE! R rights reseheghluse aloned wibiFoeREaga of o "
Elements Occupied (bp) Sequence (%)
Retroelements 345 30165 0.03%
SINEs 18 1278 0.00%
Penelope 2 92 0.00%
LINEs 164 14962 0.01%
L2/CR1/Rex 104 9935 0.01%
R1/LOA/Jockey 8 789 0.00%
R2/R4/NeSL 4 394 0.00%
RTE/Bov-B 7 613 0.00%
L1/CIN4 32 2704 0.00%
LTR elements 163 13925 0.01%
BEL/Pao 14 733 0.00%
Ty1/Copia 0 0 0.00%
Gypsy/DIRS1 110 9224 0.01%
Retroviral 25 2683 0.00%
DNA transposons 513 36648 0.03%
hobo-Activator 180 12759 0.01%
Tc1-1IS630-Pogo 27 1952 0.00%
PiggyBac 4 421 0.00%
Tourist/Harbinger 23 2569 0.00%
Other (Mirage, P- 0 0 0.00%
element, Transib)
Total interspersed 75248 0.07%
repeats
Small RNA 3 264 0.00%
Satellites 13 948 0.00%
Simple repeats 69 6138 0.01%
Low complexity 10 1450 0.00%
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Table 1

Supplementary Table S8: RepeatMasker for Augustus Predicted Genes
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Retroelements

SINEs

Penelope

LINEs
L2/CR1/Rex
R1/LOA/Jockey
R2/R4/NeSL
RTE/Bov-B
L1/CIN4

LTR elements
BEL/Pao
Ty1/Copia
Gypsy/DIRS1

certified by teosrir &lthe author/funder. All rig

DNA transposons
hobo-Activator
Tc1-1S630-Pogo
PiggyBac

Tourist/Harbinger

Other (Mirage, P-element,
Transib)

Total interspersed repeats

Small RNA
Satellites
Simple repeats

Low complexity

Number of Elements
451
13
9
211
128

10

12
22
227
11
19

102

Length Occupied (bp)

82999
827
2950
36107
15756
813
1512
1606
7877
46065
1225
4233

18320

October 31, 2018. The copyright holder for this preprint (which was not
hts reserved. No reuse allowed wiB6ut permission. 1985

877

431

84

36

31

166

33

10737

3249

123135
65743
12063

6698
4641

13032

240853

250
16963
482867

206240

Percentage of Sequence (%)
0.19%
0.00%
0.01%
0.08%
0.04%

0%
0%
0%
0.02%
0.1%
0%
0.01%
0.04%

0.04%

0.28%
0.15%
0.03%
0.02%
0.01%

0.03%

0.55%

0%
0.04%
1.09%

0.47%
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Supplementary Table S9: Estimation of Full Length of Transcripts from
all nine transcriptomes

Hit percent coverage bin Count in bin >Bin below
100 2692 2692
90 1258 3950
80 1249 5199
70 1358 6557
60 1598 8155
50 1991 10146
40 2411 12557
30 2912 15469
20 2966 18435
10 1132 19567
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Supplementary Table S10: Estimation of Total Genes from Trinity and Augustus

Total Estimated 101,922
Transcripts
Trinotate Annotation 65,535
Top BLASTX hit 26,356
Total Estimates from 29,525
Augustus (de novo)
80% Hit Coverage from 5,199
Trinity Assembly Uniprot
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Table 1

Supplementary Table S11: Pairwise Comparison of Orthologs of Cebidichthys violaceus and fish genomes deposited on Ensembl

Latimeria Lepisosteus Danio rerio Astyanax Gadus morhua Takifugu rubripes Tetraodon Gasterosteus Cebidichthys Xiphophorus Poecilia formosa Oryzias latipes Oreochromis
chalumnae oculatus mexicanus nigroviridis aculeatus violaceus maculatus niloticus

Lepisosteus oculatus 12563

Danio rerio 12374

Astyanax mexicanus 11795

Gadus morhua 9052

Takifugu rubripes 11346

Tetraodon nigroviridis 10745

Gasterosteus aculeatus 4717

Cebidichthys violaceus 9472

Xiphophorus maculatus 11730

Poecilia formosa 12271

Oryzias latipes 10795

Oreochromis niloticus 11858
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