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Current research directions
33 of 45 articles, H-index = 21, i10-index = 33
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Genome sequencing costs

$100,000,000
Cost of Whole Genome

o Sequencing ($)
$10,000,000 — HEE=RERF
T (~250Gb: 27E)
$100,000 (*100Gb: 175) —

Genome sequencers onnounced,

costs dramatically reduced
Ultima Genomjics

$10,000 announged UGI00
(NTD 3,500/Gb) [llumina announced
: NovaSeqgX Series
Illumina released \
$1,000 HiSeqX Ten A \/ )
\_/
$100

2000 2005 2010 2015 2020 2022
g enomize Source: National Human Genome Research Institute



2014

2024

Draft genome of fish species

Draft genome
Nature communications (rainbow trout, yellow croaker, and

European seabass)
N50 = ~500 kb, ~10,000 scaffolds

Nature genetics (grass carp and tongue sole)
N50 = ~500 kb, ~500 scaffolds

Comparative genomics

Nature communications (contains some fishes genome data)
>10 species in one article and/or with chromosomal level genome

BMC genomics...etc.
Draft genome in one fish species
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Original distribution of Pacific salmon (Oncorhynchus)
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0.7Gb genome size >300,000 NTD (“R&43H7)
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F148 4~ #% (survey) % & 2.7G (150Gb data » >50X coverage)
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Genome seguencing strategy

Rainbow trout (2.4GDb)

BAC-end sequences
Genomic Roche454 FLX I|brar|es (8k-, 12k-, 20k mate-pairs)
Genomic IHlumina I|brar|§s Nature Communications, 2014

Sea bass (0.67GDb)

BAC-end sequences
Genomic Roche454 FLX libraries (~20k mate-pairs)
Genomic HHlumina libraries Nature Communications, 2014

Tailwan salmon (2.7Gb)

Genomic Roche454 FLX libraries (4k-, 8k-, 16k- mate-pairs)
Genomic Illumina libraries

EAHEATFINGEE € & RS TR A
1. BAC-end sequencer42.7Gb+ - ghgenome » F & 2= = %1500
libraries (coverage>100X) - 5 ¢ B~ > 3+ g &% £ # |
2. % PR TF] AL FTE BT AAET AL RATR
k22 > 1§ 4 Bl (linkage-map) -
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Short reads
lllumina NovaSeqgX Series ——— Genetic markers
(20~30X coverage) Re-mapping

Long reads
—— Scaffolds

Illumina PacBio HiFi

Nanopore

Illumina PacBio Hi-C —— Scaffolds

@ﬁ;ﬁ@ (Chromosomal levels)

Transcriptome — Coding gene




Summary of genome assembly
Species (genome MW/cell)| Genome assembly | Scaffold |Size (Gb)|  N50

Taiwan salmon (> 100 bp) (v.2.1) 2,196,540 2.74 276.5 Kb
Taiwan salmon (2.7 Gb) (> 500 bp) 49,767 2.44 340 Kb

Rainbow trout (2.4 Gb) (> 500 bp) 79,941 1.88 383.6 Kb
Atlantic salmon (3 Gb) (>500 bp) (1n) 843,055 3.40 493.6 Kb

DNA transposon and retrotransposon (9.16%)
Others interspersed repeats (26.72%)
Total repetitive DNA: 38.64% of genome

Comparison of repetitive DNA:
Medaka (9.2%) < Salmon (38%) < Zebrafish (52%)

LTI e 8L 8 £ (Coverage >90% » N50 > 100K)

13



# F]i:fZ (gene annotation) = fginbowtrout

e M_edaka
=== Taiwan salmon
Significant gene 36,248 N
Average transcript length (bp) 1300
Average protein length (aa) 423 012
Number of exon per gene 7.53
Average exon length (bp) 176.9 0.1
Percent with Unigene 90.4%
identified
: : 0 0.08
Percent with GO function 71.2 %
Number of GO annotations 78,411
Percent with Protein Domains 95.0% =
| Geneset | GeneCount [N
5.85 rRNA 143 |
18s rRNA 15
28s rRNA 16

Sum of total 174
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Table. Summary of sequences

Transcnptome 31,957 11,256,127 12,156  Trinity.final.cds

Genome 36,248 15,316,774 565 423 21,988 protein.nrg.fasta

Table. Summary of Blast results

1e-10 (blX) Significant hits

Transcriptome (query) 26,709 83.6%
Genome (subj_t) 31,761 87.6%

Of the 36,248 predicted genes, 31,761 (88%) were supported
by transcriptome data at least 1 of 3 tissues examined
(muscle, brain and gill).
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Comparison of the Atlantic salmon
and Taiwan salmon hox clusters

SS Aal
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1311211 |/10]| 9 | 8
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TS Cb2

8939 | 8940 | 8041 | 8942 | 20674 | 29673

26390 | 26391 | 26392

26396

13188 | 23918 | 23919 | 23922 | 23920 | 23921

30890 | 30892 | 30891 30893 | 30894

13830

20671

26395 | 26397 | 26394

23925 | 23924 | 23923

26399
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26502
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Loss of HoxDb cluster
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A
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299000 0000
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—,
[“813.cr012 ]
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S
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pesons ° seo
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+ Haox cluster reorganization

j= Expansion of posterior Hox genes

The gene annotation reveal that Taiwan salmon is
following a 4t" round whole genome duplication.
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Comparison of the gene repertoire of . WW””’WW J
\\ﬁ\ Ll 1 "ty
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the Taiwan salmon with zebrafish @'§ *%‘@\
RO g, e, //9 ®
R Y% % ¢ @//
zebrafish: 25,453 | Idn | Aln Ortholog ratio(%) ratio(%) 5@ v’
Taiwan salmon: (%) | (%) | (zebrafish) | zebrafish Taiwan . & v ": ==
36,248 salmon N ==ER 8 ’ : f;g
Ortholog filter 30 50 15689 62% 87% ‘% 213 oy g
i LAY, FIS /A
30 70 11602 46% 64% @} r e
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8 & Y L 4 (RT) R
EEE(TS) N8 R ?

5 k2 i 4 32 7 Reciprocal BLASTP

Taiwan salmon
(36,248 genes

Orthologous gene cluster: 12,195

TS
5169/14%)

Rainbow trout
(46,585 genes)
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B FIRE 2o 5, 250 AT E R HF 43 Lx\F'
OrthoMCL & % (4+¥orthologs.txt & #7) <

e 1 %4+1: orthologous : 10,997

o 142 ; 1%N (singleton) : 2415

o 2 %1; N¥t1 (singleton) : 784

o 2%2 ; N¥tN (ohnologous) : 8502
OrthoMCL group & %

e 1 #%t1 (orthologous):: 9,052 (¢ 2 H ¢ 917,689 F k' %)
« 2 %2 (ohnologous): 1,897
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The GO (Gene ontology) of retained duplicated genes
in Taiwan salmon

EHVEA: 2394 1E GO 7157

GO _id Count GO_term

G0:0005515 6349 GO:protein binding

G0:0016021 2610 GO:integral component of membrane
G0:0016020 2534 GO:membrane

G0:0003677 1971 GO:DNA binding

G0:0005524 1912 GO:ATP binding

G0:0003676 1891 GO:nucleic acid binding

G0:0006355 1562 GO:regulation of transcription
G0:0005634 1562 GO:nucleus

G0:0008270 1510 GO:zincion binding

G0:0046872 1502 GO:metal ion binding

G0O:0003700 1241 GO:transcription factor activity
G0:0005622 1212 GO:intracellular

G0:0007186 995 GO:G-protein coupled receptor signaling pathway

£ AR MRS R TR Al fod A A - $0E 2
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The GO of retained duplicated genes in Taiwan salmon

| mTOR SIGNALING PATHWAY |

Insulin signaling
Growth factors pathway
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Taiwan salmon genome study

Before

After

Genome size: 2.7G
Sequencing data: 150G
(Coverage >50X)
Predicted genes: >20K

Aims

Sequencing data: 600G
(Coverage >200X)
Resolution: >90%
Compared to Masu sp.

(LUZZ & and A ][[#E)

Taiwan salmon:
Sequencing data: 550G
(Coverage >194X)
Resolution: >90%
Predicted genes: >36K

Japan salmon:
Amago (>100G; >30X)
Yamame (>100G; >30X)
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Species SNP Count
100% 75% 50% 25%
Taiwan Salmon | 439091 213297 61096 3091
Yamame 8354574 | 3920583 718321 135501
Amago 9065854 | 4072615 791114 156549

g poA L% 4 (yamame, 10 &2 )fe 7 ' A2 (Amago, 10

}i’o)mSNPﬁxg._ » BT A e (10&)&%% ﬁi'ﬂ (SNPi#c P )

CE T W o 2l

2]

13 ﬂ'b L’T‘J:% /%%'
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Taiwan salmon genome (scaffold)
T Remapping (& 7| £ k)

/Yamame (L% 4) Amago (% "'ﬁé‘.)\
(30X coverage) (30X coverage)

Taiwan salmon ( 5 /4¢4&)
\_ (30X coverage) Y,
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Are you ready for the genome study?

Genome size
Sequencing tools
Coverage
Further study

Funding
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1. Genome size (~5.2Gb)
2. DNA size and amounts (> lambda) 1. Team members?

3. Nanopore or PacBio (N used) 2. Division of Labor
Genome Sequencing Grants
Survey methods support
Bioinformation d EXp.
(FREABE4 2 H0s Dr. 221G 1) €a study
Ecophysiology

(S HABE4H 4T Or. & )
Reproduction and Endocrinology  Articles

(BAREEA D RE)
Microbiome

Immunity
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