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In the fishery industry, global aquaculture production has stagnated due to overfishing
of aquatic products, restrictions between countries, and climate change. The aquaculture
suggests the possibility of a blue revolution that can be expanded in a new way. The
aquaculture industry now accounts for more than half of the fishery products from the
sea as a raw material for seafood for human consumption. Various latest biological research
methods are being applied for the development of a sustainable aquaculture industry.
Genomics has made significant progress in recent years. Since the genome sequence of
Atlantic cod was sequenced in 2011, the genomes of more species have been sequenced.
The genome information is providing a more robust and productive knowledge base for
the aquaculture industry, including breeding and breeding of superior traits, improving
disease resistance quality, and optimizing aquaculture feed and feed methods. This review
looked at the status of genome analysis technology and the current status of genome
research of aquaculture species. The development of genome research technology and
massive genomic information is important in solving the challenges of the aquaculture
industry and will help sustainable fisheries and aquaculture.

Keywords: Aquaculture(&4!), Genome(F & Xl), Transcriptome(T AHAl), NGS(RFAMICHEE 7|
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8% 5= ) insertions/deletions,
single nucleotide polymorphisms (SNPs), copy number variations
X methylated regiont 22 RTH| HO|E Aldel 4= U0f it
2ol JOLE uHA| BAUHS O|Fdts O 850t E3t 7
HH| 7182 genetic mapping, quantitative trait loci (QTL) analysis,
genome-wide association studies (GWAS), expression profiling &2

7S Solo] £F YUI B WY WHS Yol o
A8E 4 90f 0|2 2 vy Z2 0| TR 4 9Uct. 59
A%, A 3B Rl Jlgo] Bl SHA HEYAY of
sCh 3 Ojois YA 9B mCh Dok B4 |
HAE HLo7| 92t X4 TS ML HoIck £ 2lRE &
MUNFO| QUK AT Yt REH 24 7IET FHYHE
of QHH 170l S0 ChehM Ammnxt Bt Oj2t 20| §
FH MY A 75T QTS| WHE Aol TR
g diZote o R0 X% Jhs3 ol Y40 =20| 2
+ qurt
2. 7N A7 SH

KEAICH 7MY 2A(NGS: Next Generation Sequence) 7|&9|
UHOZ MZR To| SMHME df=st= HIEut A7 &I|H
O ZO|SULCE D FIIMY 240 M= CHYTH MEF

28t = (bicinformatics tools)2| MO Z QMM =& (genome

assembly), Xt 0] Z(gene prediction)at 7|5 &TH(gene func-
tional analysis)2t 22 242 AqZAYHMM T &S =
A =ACk

UM 24 E2 H7|ME 24 (sequencing), =
Z=M(annotation)| THAIZ T EICHFig. 1). Y7IME
A= DNARNA M E 242 2I5t0] NGS EHEFS A8, =
2 HAOM 2ME FHXF MBE scaffoldsE 27| S8 =EE|
O, 0| FM CHA= X FM(structural annotation)t 7|5 F
M (functional annotation)g TsIA =ICt X =4 AFFoM=
LM scaffoldsOfl A BHEE|= A S(repeated sequences)= masking

=
ok, RUAE &7| 23 REA 05 =75 M8 0|2 &

]

HAE Tgots 2EE(ntron), A& (Exon) BHIHY FFUTR
TR7} ZFELC oL R I F4 FoME AL 7|
52 27| 28l 45 HMhomology search) X |HAH 28
ZX| Y& (gene ontology mapping)2 I

2.1. ME 2X(Genome Sequencing)

FHR MG 2Mo| et AN ZE Zuo| F=z, {4
A 7x 8 7s 24, cE 2M S0 ATAEQl ggks OjxIch
NGS EHZ0|M o= Al#A 242 97| ZO|(read length),
Ftype), 2F YW E(error rate) S 222 MY 24 TH| =34
29| OtE E48 7IX| ULk | M 24 7|2EMe &2
MEl= REA Ml Zolof Mz LEE0fE = AL Short-
read M€ 24 ZH|ZE lllumina (http;//mwwwillumina.com) Ate|

NovaSeq, HiSeq, NextSeq, MiSeq &1t BGI (https://www.bgicom)
9| MGISEQY} BGISEQO| H2| AHE&1 RU2D Thermo Fisher
(https://www.thermofisher.com)2| lon Torrent sequencer?} RULCt.
long-read M@ &M HH|Z= Pacific Biosciences (https://www.
pacb.com)@| RSII, Sequel, Sequel 112t Oxford Nanopore (https://
nanoporetech.com)2| MinlON, GridlON, PromethlON7} QUCt.
llumina EE2 2X80] 22 100~300 bp2l short-read L
O|E{E 4M3l= BHH, Pacific Biosciencestt Nanopore SSHE2
15 kb 02| long-read HIO|E{E 4 dSHX|TH O[0f B|2{|5to]
0] S0 At watd AlEY Hlojgel E4of &
E T (assemblenE MEiSH= 20| 52SICE

HOZ longreadse = IS Chesistn 2ot Yl
242 &6t WEY shortreads 2Lt long-reads?t &
Z2 0| [2lStet E3 shortreads H|O|ElE Ehe A|RA
(repeat sequence regions)OlA| ZEI0| HX2 YL =X F
tEtShe 20| 87158 = AL, 0|2 23| HA Fgel &
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2.2. 9HH =& (Genome Assembly)

2(de novo assembly)2 &= |
0| oot RTH ARAE

M =M Hlo|EE 0|8
overlap-layout-consensus &Al1t d
O] 2 AFEE| AUCHMiller et al, 2010). 0|2

MZ BHE 24 ME AtojolA 7HY 2

T H|(reference
= S U
8l= de novo

e Bruijn graph

s=E X%9=

,Olgiet S5 X2 FAH2z ZgHof

k-merE 7|82 17| I{ZO0]
=X oD JPmE M2}

AIE[H, THE Al

M
HT |

‘A2 read insert size
Ho| matoje 43|

230
of HEe =0l &7 oY
% k-mer
= Qotet
assembler= SOAPdenovo? (Luo et al,
2012), ALLPATHS (Butler et al, 2008), AbySS (Simpson et al, 2009),
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1 Structural annotation | | Functional annotation
NGS Platforms Genome size f N
N 5 Repeat Gene Database
(DNA, RNA) estimation identification ™| annotation
Shart read.: lllumina Jellyfish, Repeat Masker Blast, <“—| NCBI Prosite
Long read: Pacbio, Genomescope
N InterProScan, P UniProt
anopore 1 e am  UniPro
Genome
Assembly v \ l
Short read: Ab initio gene Evidence gene GO term Database
S SOAPdenovo2 prediction prediction search
equence error !
correction ALLPATHS, Abyss, Augustus, PASA, Cufflinks, Blast2GO <“— | Gene ontology
: . Velvet, Ma.SuRCA glimmerHMM, Exonerate, —_
Trimmomatic Long read: GeneMark GeneWise
Canu, WTDBG2,
Falcon-Unzip, Flye,
Hifiasm, IPA | KEGG search Database
v A 4 - -«
Genome Evidence- Trinotate KEGG pathway
scaffolding based J
Juicer, 3D-DNA, chooser
SALSA, ALLHIC EVM, Maker,
¥ Braker
Post genome
phasing
Purge_haplotigs,
Purge_dups g Genome Database [ 3
Transcriptome Database
Assembly
e GBrowser,
Trinity, Oases Jbrowser,
Ensembl genome browser

Fig. 1. Scheme of genome analysis process. The gray box showed a widely used program for each analysis.

Velvet (Zerbino and Birmey, 2008) S0| AFSE|D CHEE short-
reads CI|O|E{E 0|83t =& 20| AFREICE

Overlap-layout-consensus L0 M= reads 7t2| #AE Y
Jd2{Z(overlap-graph)2 LIEFEH = QUC} Zf2f0| L E= 24240
readsS LIEFLHT ZfZtO| reads7t AAIH B0M £ 7ol &
£ Qo ¥aglE2 RE TEE sl JHEE Sl

=
Hamilton pathE ZZ3tCt Overlap-layout-consensus #E0f 7|
BHSE assembler2= Celera assembler (Myers et al, 2000), CAP3
(Huang and Madan, 1999), MaSuRCA (Zimin et al, 2013), Canu
(Koren et al, 2017) 0| AHBZ| 1 long-reads IO|EHE E45}7|
O MESICE A 20| = long-reads CIOIHE O|8310] 24 7ts
gt 03] 22 L12|ES 7|H2 2 FALCON-Unzip (Chin et al,
2016), Flye (Kolmogorov et al, 2019), Hifiasm (Cheng et al, 2021)
SOl JHEE|0] AF8E|2 UL

M
~

HI

2.3. Long-read sequencingS 0|83t SHH|

Long-read sequencing EE= 3rd generation sequencing2 short-
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JdEjLp Atie |KEME BA S5E x4z '—f-'T- —"*T’— HH%
= A2 RUN =8 WHES S CHECE M2tM long-read
MG 242 de novo assembly, mapping2| HEHd, TAt 0104
E(transcript isoform) Z0I1t L&A HO|o| OIS SHAE
2ALCHAmarasinghe et al, 2020). [ long-read sequencing®| &
2, Melzk W HE 2ol XEHQ LY BH long-read
sequencing2 EAF 2 3! HZE WSO| RTM =0 FHL
St 0] 8|1 RUCHKoren and Phillippy, 2015; Liang et al, 2020;
Logsdon et al, 2020; Nath et al, 2021). XY long-read sequencing
7|&2 Pacific Biosciences (PacBio)2| Single-Molecule Real-Time
(SMRT) sequencingzt Oxford Nanopore Technologies (ONT)2
nanopore sequencing®| 4204, SMRT 7|&1} nanopore AlF4
7|2 201133 201490 2424 &83 HU, ol HE S8
ZOR7h =i e[ AT

SMRT sequencer (RSl Sequel, Sequel lle)= SMRT cell L{O|| 1
HE|0] A= polymerase EA0| Qs EH FEEIETL &Y

20 Zt2el HAS HAZCE UXS SFE2 S5t FI|M
g 2M2 TIAHBICE SMRT E7IME 2M01M 2= Z0|= poly-
merase2| =0 2|8 HStz|HH, 20214 read 20|15 L 30 kb

O read ZO|7X| ZHsSICE

Nanopore sequencer (MinlON, GridlON, PromethlON)= T
T4 BAt0] MBS LI-T0S SN [ 0|2 HR HES
FHoitt § ME CHE %—E‘EHEEPOIE‘: nanopore LHOJAl A
2 02 MEg ROBlRE, 7| £ME WREse] SH )

°'Ef Nanopore sequencing &%j| *|CY

HozRE 2% 4 9
23 MbHR| 7H3 20 Y 24 Zolg NBstgen, uHoz
10~30 ko] A% 20| UBtXo|ck

2.4. MAH| =2 (Transcriptome Assembly)

HAH|(MRNA)2| =22 2IsiA= de Bruijn graph method 7|
Bkl Trinity (Henschel et al, 2012)2t Oases (Schulz et al, 2012)7}
FE5HA 0]8&|1 QULE Trinity assemblers Inchworm, Chrysalis
b Butterfly2| 3712] RE2 FHE0 A2, assembly module
I Inchworm& X RNA ME 24 reads?| k-mer graphE &
= J2|E ¢AoZ JgfZE wAIAF contigsS M getCt,
2e{AHE 22 Chrysalise A EEalternative splicing)O|Lt
A FHEAL 20N EMSE contigss= ATl 2MAHE
st Zt EMAFH 22 de Brujjn graphS TSiCt OFX|2

2 Butterfly= de Bruijn graph& % X2t CHe Z|Hstel Jef
£ S5t transcriptE AP} Oasese velvetdt FAFSHA Ct
o| HR 17~40)

| rEerPO

| 0 :1

02 |H

St k-mer (single-end2| &% 21~35, paired-end

of olglf £M% ZIE topological analysis@t FAIsH galoz
mergedt0] ZutE TZ Bt TopologyE WdlstE nois
87| QI8 dynamic correction method 7t LIZE|0f QIC

[¢]

uln
=
)

2.5. Long-read sequencings 0| &%t MALY| EM

ChA Eealternative splicing)2 X EE0AM |HX}F Lsol &
Yde 377l Fa HALSOICL HdEXCE, MHMES
BE O 9d& RUXES TF 24| & 4N 7ol ChM| He
2 ZH=Ch d2L shortreads CIO|E{E O|83t0M & Walk|=
isoforms= 23| assemblyStALE HESHA FEet & 4= Gk
Long-read transcripts sequencing mRNA M EZ assembly 1f
¥ AKXl Z0| OtL|2t mRNAS| 5'-£H poly-A tail7HX| THd
2ol MM MES sequencing ECZN SiZMES XN STt
(Gonzalez-Garay, 2016; Kuo et al, 2020). T2 X} mRNA2| &7

MY BAMo Clorst Of0|AZEO| A g HOF OFL|E} RNA B Ea
poly-A tail Z0|9t Z2 £ C+2 E4o| §RE & BiCt.

Long-read transcriptomes?| &4 2|8t pipeline2 2= SMRT
HOIEIS 2A& 3= & PacBio?| IsoSeq3 (https://github.com/
PacificBiosciences/IsoSeq), SQANTI (Tardaguila et al, 2018) 2|0
LIQA (Hu et al, 2021), IDP (Fu et al, 2018), Mandalorian (Byrne et al,
2017), Aeron (Rautiainen et al, 2020), TALON (Wyman et al., 2020)
q 22 B2 M D7 I EE D QUL

[ prm oy

2.6. Als FA(Genome Annotation)

Az FA2 Als AlE200 2EE RE EFS AEst ¥7
Stl= MMEE olH £ FM(structural annotation)tt 7|5 F4
(functional annotation)22 LtEICE +& FM2 ZEE HI7IMY
HIO|HE 0| &3l O] RUAE T5t= exons, introns, UTRs &
FHX YX|Qt LERE AlSHE WPYOICE 7|5 FHE2 |HA
dorstd Ol OiAL 25, M= & 42 7|ls8 MEste adE
YsiCt,

2.6.1. X FM(Structural Annotation)

(1) Repeat Identification

Repeat2 XA MY MM LHEH 2 bp (simple repeats)
oAl 10 kb (interspersed repeats)7tX| CHASICE, OX—|x|- =0
AN repeat2 ERE &EH(false homology) 05 S HdstEE
low-complexity regions1} transposable elementsE Z2ot repeat
20| ZR35ICt 0[] MHHE 2SHA Repeat-
UL,

AS
o
2l

elementsS 72|
Masker (http://repeatmaskerorg) Z2 10| 42| 0|8&|1
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(2) Ab Initio gene T+x 0=

FUX FZE 0F617| 28l ab Initio FHAL 0|52 X
TERIL B LT Genorhabditis elegans, Drosophila melanogaster,
humans &2| RAH 20| Chot 2% FHELE A2 0/2|
ALEl mEt0E e AMESITh 22 Alz0| Of2| ALtE of
-|x|. Eﬁljl. DIX-Iol_}, j'L|-E10| OIX| O}'
BN O Ciet 20| HAsio).
Augustus (Stanke et al., 2006), SNAP (Korf, 2004), GlimmerHMM
(Majoros et al, 2004), GeneMark-ES (Lomsadze et al., 2005)= ab

initio =72| CHEZX QI ofo|ct,
(3) Evidence-Driven Prediction of Gene Structure

Ci-22| ab initio gene prediction tools2 CDS T+XT &2 =
AZ ¥ UTRsO|L} alternatively spliced transcriptse &2 <= QIC
et QI B7E HIYeZ |FUA A E 0|Est= o2 Y
FE eI QUL 577|842 expressed sequence tags (EST),
7IM€, RNA-seq HIOIEf S& |TA ofdE2/0| Y&
E Qf BHE 28%ict o] W2 A FEE 7|
A o|E Z2aol At §edtol RTEA 052
AA|ZIEE MAKER (http://wwwyandell-lab.org/software/
makerhtml)£ CHEXQI 37 M 11X 0|F T SHLtEA, Of
2 AZEQI0 E5 SILUE |F= 24 mo|=Z2tel =F0[Ct O
L0l RepeatMasker, Exonerate, SNAP Augustus, Blast 0| &
e[ ACH

o
>

=
g
0

ne 4
rlo
!
|-_|

M rE S rn
>

nA |o

mo Hu

o?t qo

(4) Evidence-Based Consensus Gene Prediction

AsM SHAF TEE S50 W) LY RER 015
W ETE AT 1) 0j2(3 ZB ZE siiel UXE 7
MR PEE PO 20| BHo|T HMMA REX O

LEF0& EvidenceModeler (EVM) (https://evidencemodelergithubiio)
(Haas et al, 2008), GLEAN (https://sourceforge.net/projects/glean-
gene) (Elsik et al, 2007), Evigan (http;//www.seas.upenn.edu/~strctim
/evigan/evigan.html) (Liu et al, 2008) S0| ULt O|F == &
A BHE 2ot QF0 SR HEE FHT 7 o2t
RFRE HAole SHE SHEE MEMS consensus gene
structureS FE$HCHLiu et al, 2008).

2.6.2. 7|'s FM(Functional Annotation)

CHE Mo dESE YEE 20|
FM2 37 Blast-based homology searchit

ontology-based GO term mapping®| RUCt.

re
10
2
2
A
s
N
I
2
0o
(8,1
—

TE& Blast (https://blastncbinlm.nih.gov) (Johnson et al, 2008),

InterProScan (Jones et al, 2014), Trinotate (Bryant et al, 2017)0|
oIt
A .

(2) GO Term Mapping

Blast A4S Sdff 22 FELE BHE GO terms (Gene Ontology
term)2 ZMsl= DPY0|CHGene ontology consortium, 2015).
HAL kol A of o

ot HEE KAEBICL Gene ontology= 32 biological process

Gene ontology= gene-related terms?t &

ontology, molecular function ontology, cellular component ontology
o| 37tx|2 £&ECt

(3) KEGG (Kyoto Encyclopedia of Genes and Genomes)
pathway analysis

KEGG pathway=

2MS D MR} L

et al, 2007). KEGG 2= H
|

A 252 BoiFE

ACH(Kanehisa
Zto) “§” = LIEfD

2005 Z0f AIZHEL NGS 7|&9| ZHgat Ao wet 70071 O
Aol ofR REN7F 2M S0 ALRE & UA EALE 2021
H 9g J|FECE O ZYYTIEEI(NCB)= 70952

|

olF ol QHA| HEIt BIHEIOf SUCkFig. 2). O1SH CHE Chf
QA XYSL HD RHNE, W, ©Y MW e I\
SHEDE OfLj2t QAT SMR0MO| 28 ATE BT

SHA MEO| 85Tl =8 LA F(Table 1)2 O 7|(Catfish) (Liu
et al, 2016), CHAM Y AHO(Atlantic salmon) (Lien et al, 2016), FX|
7 £0{(Rainbow trout) (Berthelot et al, 2014), EE'EHLIOP(THapla)
(Brawand et al, 2014), & | =0{(Striped bass), Ef B = (Pacific
oyster) (Zhang et al, 2012), ICt2|A|<(Pacific white shrimp), 25
Z(Bluegill sunfish) & CIYet WEFS0| AFE|D QUCh O|F
M A7e SHE g S50 dat7t o|f0 /CL HE
Of {8 2 7z ZEMEE= 34t O|F, MY ¢ =
EE 290, FHLict My, FX7H $0f |HH i
IR0 FEH D A FE 0|5 20]9|

o]l o

7t AIEH22 O|R0{X| 2 Qon, EfEY 2AC2[A<

—
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Fig. 2. Status of whole genome sequencing of fishes on NCBI. (A) Number of fish genome on NCBI. (B) Assembly level of fish genome.

Table 1. Some examples of whole genome sequencing of aquaculture species

Common name Species Assembly name Assembly level Genome size (Gb)  No. genes
Channel catfish Ictalurus punctatus IpCoco_1.2 Chromosome 0.78 27,801
Rainbow trout Oncorhynchus mykiss ~ USDA_OmykA_1.1 Chromosome 23 72,772
Atlantic salmon Salmo salar ICSASG_v2 Chromosome 30 57,796
Nile tilapia Oreochromis niloticus O_niloticus_ UMD_NMBU Chromosome 1.0 42,622
Atlantic Cod Gadus morhua gadMor3.0 Chromosome 0.67 33,093
Japanese flounder Paralichthys olivaceus Flounder_ref_guided_V1.0 Scaffold 0.64 24,832
Pacific oyster Crassostrea gigas cgigas_uk_roslin_v1 Chromosome 0.65 38,296
Black tiger shrimp Penaeus monodon NSTDA_Pmon_1 Chromosome 24 31,518
EMEL =2 T2 X QEH I} S AL FOl 99.1% = GAH|O| anchoring /0] U1, 253744712 KT

FMEAZO| SHA AIEY L= llluminat Pacbio =2 Moz MLUE SNPs7F A& Al=0f LX|SHACHLU et al, 2016).
Z0[ 7t AA| 7|ZUCE lllumina sequencing2 Hlm& X Est M 2ojol &x Ak IEXZ ZEL|QUCL O] KN =
HI8SE HISIX|T B2 MES HF2 = MM HHH, Pacbio Sangeer llumina 7|&2 @7|MLES 2AZUCE L2 repeat XIS
sequencing2 HCHHMCZ =2 H[EO|X|ZH O 71 SHX ME 2 Mst 297 Gb #X A FA7F PR FHH M
2 485t =8 1ol B2 FEE MSSIRULL ZZ2 Pacbio 2| 82% 0|40 FMHM O BMIEUCE. CHM Y Aol FTEHM = %
sequencing H|- 80| 3| ZA8IHM 0| 7|&2| AH&O| 71510 29| A5 2X|(genome duplication) IZ20]| CHEE 4H{A|0| 1, 4=
BUN O FHO| IA SEUCE REHMS ZEFE2 1) 2 U= MY(repeat content) (58~60%)2 7HA|1 U= & CHMY
Contiguity, contig®l 7#=2+ contig 27|2| &£%; 2) Connectivity, A0 FHHQ OfR EXT g ng If 3 ZHE H
scaffoldsQ| 7H=@t scaffolds 37|2| &2, 3) Completeness, 3| 7H=ICHLien et al, 2016). E2tm|of MM F7|MEL, %2 PacBio
ZE 3712t MM FHH 2| coverage; 4) Accuracy, FHE A SMRT A|HA 7|22 MESEHM MER 18 SN E =8
Y(genetic linkage mapping), =2|& 0§ E (physical mapping)zt 2 = A E|YUCHConte et al, 2017). Contigs L50 Z0|+& 3.09 MbOj|
2 MOk SiLte| FIF HYEO| ofdf HBE Fedu 22 3 ZED, I 2 937K contigsHlle Als2l 50%7F Zetkf UCH
A 47tX|e] E7t= O|RO{ZICt of7|, Eatmlof thME Ao, & s AIE20] 86.9% O40| SAM O LFE0f AA HE A
X7h &0 29 RN 2E=Tt 01 =Lt o7|ol Bx A= AE20| RE8EE SHAZCL Y ATFM= 2018H =0 Al

ABAE re-sequencing ZIt 997%7F &= A AlEAN HE YL X|(Octopus minon2| FEHME long-read sequencings &5t
E[BA EET 01 =2 AR FOtEDE Eo HE Al A O ZEBIACHKIm et al, 2018). MEHXO| FHHE F5F &
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Table 2. EST resources of selected aquaculture species

Common name Species Number of
ESTs
Atlantic salmon Salmo salar 827,991
Channel catfish Ictalurus punctatus 355,898
Rainbow trout Oncorhynchus mykiss 802,277
Striped bass Morone saxatilis 67,315
Blue catfish [ctalurus furcatus 139,669
Nile tilapia Oreochromis niloticus 121,059
Gilt-head bream Sparus aurata 114,112
Pacific oyster Crassostrea gigas 206,635
White leg shrimp Litopenaeus vannamei 163,064

7T 2 As 271(509 Gh)E ZHX| UARACH Eot BE(Takifugy
obscurus)@| 22712 FAHE 2tH S| =
Ol 90% O|40| FMHo nFHEO U a
Z A= AE2EM 280| 0 &CHa g 4= RUCHKang et al,

2020).

SHHe FML BEEMOZE Transcriptome HEZ HEES
=Y £ ULk KUK 22 I LR MY G|O[E{0] 2k
SISHEIE|O{OF 813, Exon-intron ZAI7F Q| |0foF sjm, F3h
Ol(alternatively spliced isoforms)& Alg3stn 1 HAEN CHEEQ|
AEC|0{0F otH, RUALS Wallt J|sg AT TaJt UL
CHHE coding Oxﬂf Q|0 = non-coding RNAS olsln 4%
g9 |7'|'-| 2 oo ER7F ATt Ch4=2 EST AHAS0| F
8 YMZE0A EDNE|QUCKTable 2). CHM Y S0{o] AL Ho

828742 | EST, T712] B2 352H7H, FX|7H S0{e B 80Tt7
ESTZF 21K |°*Ef O[2{gt EST AHA2 |FTHM FAZ /510
# o ofL|2t, XMH|E2| NGS sequencing 7|&0| S&&0f
M2t 85O 2 RNA-seqR 2L E8E1 ULt 58 FAE
CHot 2 RNA-seq ClIO|E{7F CHfoh HEO|A TIAE AL,
O S0 Aoje 2 O2|n T3t HAHE KUK OFHE 4
St= Z(Valenzuela-Miranda et al, 2015; Xu et al, 2015a), FX|
7§ £0jo MY U X% £0|4(Marancik et al, 2015 Narum and
Campbell, 2015; Salem et al, 2012), EFL|S0{0A Al &=}
Chxko] ®of £™E & 1 (Chapman et al, 2014; Reading et al,
2012; Sullivan et al, 2015), El2tLOlofM e LHe|d AEHA
(Zhao et al, 2015), @& H&S(Xu et al, 2015b), X - TX|& Al
M0 Bt33l= RUKE 2RIRTHHe et al, 2015). MRUM=

2_#OE

RNA-seq A4 E S 7| L1

i
o
T

|_=’=_9_,,
ox
rk
ry
0
>|
I-{I
|_
mn

9} Taura syndrome virus (TSV)0l| C
RAChSookruksawong et al, 2013).

3.3. K%t 2 =HEAM Non-coding transcripts

2301 L01M non-coding
SO0 M microRNAS}
AR HBHH o2 O|RO{/ICK

L_|_

X £0jo Moz g&3t 2079 Oj8=mst 17| A0
ol B2 2| microRNAZ XFSHOE HHE|H O HALQ

EZAN 28 A% 9 EXT #EEICtD 2 08 CHuanchich et
al, 2016; Mennigen et al, 2012; Mennigen et al, 2013; Mennigen
and Zhang, 2016).

3.4. M 7I8te] 7=

A2 RUN A7 HOolH= EE CHt =ojZo)| w2t 2
YYLSHE BEME Machine leaming® M3 2410 YHsl 1
AL} X|&= & (Supervised machine learning)2 Support Vector
Machines (SVMs)Z} Q15 AMZAZ(ANN: Artificial Neural Network)2
Zotol 23 A HAEE HO|H MEE A8%ts N 8K 2
A40|ErDAgaro 2018; Mlttag et al, 2012). 0|5 §% HI0o|H ¢
HE O ZaE 01|*‘f7‘|'-f E1|O|E1

=|I:=|
rm
njo
ro

1>
_?_
H'l

0 I'-|

o Hr Jm
=

Aoz XJAW L CHH| o | 1% %% ob= o AZEL 77
Aot EHHEOl ol TEH2 FHOILY t—;% | B30 7|45t 7t
g 8% 2025 Aoy fldf ZEO| FLf. EFLS0f Cist

microarray2t RNA-Seq HTL0IM 233749| A REXLS| HO|7t
Hao| MES0 &2 0[EICHs AZ Machine learning ANNs
2 510 2 E[ACHChapman et al, 2014; Sullivan et al, 2015).
L= HE ANNs2 H{Eh Hoff XHFTt A RE o] RMX} Edd

=2 %A 2L 07t 7tY Ee HY HXE
DHSOjLl e Mt 2582 80% O|M2Z 0|&st1 QICt Eot
SVMs2 EFL| 50{9| thA CHN S THY ste O AHEIU
O, 0] A|AHI2 M tandem mass spectrometry H|O|E{E
7|8t 83%2| A2 THEQ HA JE HAE oF5tY
CHReading et al, 2013). [H2tA 7|H g5 LM SEO| HXHE
AFSH QLIS AlEIBI{LE AHAl AMEf 2z

hs
Il

=2 O =
22 AT EF2Mo AHE 7tsdE HEE =
3

SHH| B (Genome editing)2 EXO| Tl& SHA £2/0|M
E0|8 0l HHE 7hsotH BHCHNemudryi et al, 2014). 19964 74
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2=l zinc finger nuclease (ZFN) 7|2 O|2Z A5 HE2 TALEN
(transcription activator-like effector nucleases), CRISPR/Cas9 (clus-
tered regulatory interspaced short palindromic repeats)2 24 &
ot 28Xl Vg2 LY ALt A= HY =2 T A
oHoll Eodwo| S2HQl IS EYste O AMSE &= UCh
2tM Of2fet 7|E2 LAMFL HEE flt 2 JsdE 7L
UL} 2Lt TR

2

[

=(genetically modified organisms, GMO)
ot thEel 890l Rot Lt &
H

Ay 7lsa o2 "2 el /R

- O—

o S8l A 4em
AR BE 7/20] 7
A EelER| 97| H2o| s A EHlet tiEel o1
SOpOIA SEH B J12ol SO HENY TR} Yck

= 2
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g8 2739 220| He RN = HEAIY g Lt
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