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ABSTRACT

In aquaculture, disease prevention through elimination, eradication and
cultural control are inefficient, costly and unstable solutions. Breeding
programs for genetic improvement of disease resistance lead to a long-term
sustainable disease control. Mass selection of survivors in contaminated ponds
is a classic method for improving disease resistance. In this method, by
collecting survivors from virus-infected pools and selecting after several
generations, an increase in survival rate is created. Another method is to use a
disease challenge test, which exposes different families to live virus and
selects the best families. Modern genetic approaches for disease resistance
include the use of microsatellite markers, Genome-wide association studies
(GWAS), Genomic selection (GS) and CRISPR, which are reviewed in this
article. Microsatellite markers are used for genotyping of breeding stock and
monitor the genetic diversity of populations. GWAS to survey genotype-
phenotype association lead to the identification of genomic regions affecting
disease resistance. GS is the most advanced method for use in aquaculture
breeding programs. CRISPR/Cas9-mediated genome editing and transgenesis
by antimicrobial peptide genes (AMGs) have been found to be effective on the
innate immune system of fish. Development of lines resistant to specific
diseases and crossing them to produce hybrids are available solutions, and
producing disease-resistant transgenic fish is a prospect for improving disease
resistance in aquatic animals.
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2o (65, GWAS Ll L .(Ding et al., 2022) sai
g bmp8a li,uls -5 93 g SNP V¥ sla_w5 Coilia nasus
Yuetal, ) sais olwks o) oliw b by ugerfsl
ol Ar b me bl 055 03 yiS ddlllas S 5o 2024
2 3y Slino Cilisie elgil b iliee slapgjsessS 9 (S
So plosl L L(Luo et al., 2023) us jo)l55 ,9-5 oalo
¥o sl (Pinctada fucata) & )ls e Gus (g9, (0995 dslllas
iy b by s T”—[é//’dj)'b/d.l.«} sl 5500 4 ,Slis
o955 aslllas S p> (Zhao et al., 2023) wus ololis
2905 0dyiwS dalllas pai> > (FU & Liu, 2022) 35,5
Fio sagss Solio 0K 4l 5l oalinal b ol SiduosS (55
9 =130 gl 3 (o b i 500 5 Ve slapgigeg S
9 FAMIS5A (ol 5 oS0035 0 Loy badpe (oljoy alold
z— (Pasandideh et al., 2020) sas olwlis SYT13
9 LRGUK HYDIN MTPN L_»; o535 ,5 SNP
Bass luls Sale coia 55 cio b sy ZFP9O
oy = SSLE Y s (Pasandideh et al., 2020)
OB ey (i il Clie sl i slapgjses,S

.(Pasandideh et al., 2018) .

"(GS) o993 Sl
e 4555 Ve 294> (s il 3 s 35 Ll g8
Sy 8l 5l d e gommo 93 og35 bl 3 unl 48 ,S )18 solaiwly g0

1. Genomic selection
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Caiseo 45 355 oo 0seli CRISPR-CaS9 L ] oy 53 by yn0
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CRISPR- s sl “CRISPR U Ly o & 859
Iyj Canl 03,8 Dbyl ale anols o 1) (oL olwa Cas9
Lo bgy s 5l 5asl)l8 g 1558 (5ol oS
(Roy etal., 2022) cwl pg55 sl pg
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claal,l a8 syl CRISPR laal)] ol 4 ola ik
Lo yogysg 45 amd oo |y S0l ol I ¢S, 4 CRISPR
PSSl jblsan 1) (v 4 S35 slapgng L)
ST RNA la izo b g 8L ctiS alos 0,l93 a9
5 ol sblis 48 1S e Jg5 CRISPR (cla )]
Wiy e Jate ol a g03)S (lulid |y b eg g DNA
55 iz (sl ilite 51 S5 L Cas9 5l (5,51, (o
3310l LS 31Ty sg sy 4 AiS o odlizl DNA
DNA (ialng lp by (oal (2183w cnl S Wi
sS4 L RNA I Sa o8 anad b ] 00l ks
12 el Gaa I G 4 4 13,8 sl olisS M Leal”
«S RNA sl iz Je) 398 oo Jate Jobo DNA
RNA ) (48 e 355 CRISPR asl)l jl L s S,
RNA a5 ol8n 24d o Juaio 35 CaSI o 3l 4 leinl,
1 $a53)9ms DNA JIs5 355 o 3y oo s Loial,
J—e o1y ll6d Cas9 55l g aad o e i
5 L &S ol o 3l CBS9 ax 51 .m0 oy Hlasd)ge
7 (CPL Jlae plgis ) 500 ko il 055 g0 03l
Sl 1 03y 5 DNA a5 olSin 350 03l 1y o
Sl L 59958 sl Jobw 393 DNA (e 5 sl S
L DNA > (Shess sloml Ly (S5 slg—e 5 (Slslab
(ool DNA g5 S L 3y2gm s o il
.(Richardson et al., 2023) (¥ i) uiuS' o odlal

5. Clustered Regularly Interspaced Short Palindromic Repeats
(CRISPR)
6. Guide RNA

b 3T 9 (o953 Slus!

gl o (alo sl (og8) Bl Clllas olaws (5 e
sl slagals o] 51 5 Sl 03 G315 (VIJ5)
el gy Bl By bo (sladiS g (V155 ale i)
ol 0al (055 (6)low 4 Cnglio 5 0y Slaw gl

GadisS )3 Less bl cblie by 3y9e 4 oS Sllllas
bl g3l Y158 (ol (gl 2,035 25 (59065
Jbo 93 51y (S5 Sy £ 0 (038 1S (Slowsls

Sy o] el Gl 42 Cunglie D900 (gl o955 ]
(Verbyla et al., 2022) s sanlie Ad) Slaw 5 g5l alid
B ¢ o935 olowl jleslawl L a8 ol lis yimgh O
3y o Sl (ylam 4y Caglio I, GEBVS
3 S o 00 S 0x S5y Y155 > (BCWD)
ols8l(Vallejo et al., 2017) 54y 05 o (oo (sl y5s,
Gl oD WL coda e s0s55 bl Cdd o o

European sea bass > wgpg smas jo,55 plp 5 Cuoglio
099y=9 Solow 4 Cnglio (gly 5 A oanline (D. labrax)
o ML dop Al uslie €. carpio ' ¢S up»
jelcddge Llssl (Palaiokostas et al., 2019) 54 o
«ly— (Larimichthys crocea) <55 )5 ,S9)S ;3 0553
S Kl S5 S Cryptocaryon irritans ply 5 cuogléo
WS a3y Sx9nsl Cnieo 41y (£3b5 (5oLl (cla oyl
g9y pog5 ALl | s Sl g B e 9 08 0155
5 ST SS90l ol 53 Canglin (gl (o355 o]

& o o . £ . \‘ .o M A
s b UIF Pl 93 31 Dl 0 ot ¢ ity gl M
(Luetal., 2020) 1 acbo pxis y o (sl gy ds Conuas

CRISPR/Cas9 diaulg b pgij il 9
29,5 (395 (o0 0l 55 (05 Llaleg &) poif Lielns
SO DNA s LUy olae il 4 a8 cuwl b g)5ls
S dlge b aind o olal basyglis (ol and oo 1) 39290
Deboaly y s U Bls cdls] pos 5l aold sla 16 o
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1. Bacterial cold-water disease
2. Koi herpes

3. Streptococcus agalactiae

4. Francisella orientalis
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Palindromic segments - Transcription Hairpin loop

G C
CGTTGAAGCGTCCGAAATTACGCTTCAACG GCAACUUCGCA G u
GCAACTTCGCAGGCTTTAATGCGAAGTTGE CGUUGAAGCGU u

— AU
T Repeat YK Repeat
XX KX

Spacer

Target CRISPR
DNA =, molecule

3 3

(Richardson et al., 2023) 1,5 9 CRISPR lsls £ JS5

d Conglie Ly cpmlus dy by pe (laj gMal L (g)5lid
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o Jeod Gl g S) €5 290 olom plp > Censlie
Liu et ) u55,8" ool poe (65l (oBy95 glple 5> oyl
bl 3oy)b 3l oS S oo (al., 2019
Oibcix 5 Lagigly 0,84 pavie SWlSs al cla g
loea Gan Sl gl JIg b pn S b b pe (clae 3
e Ld (6 )low (s T A ) Med)l il S
3 Al i )Ly (gl 39y 0 sleban (5yans )0
Y . s ae
(WSSV) a4 pgpdives gy gt slp oS
.(Chaijarasphong et al., 2019) x5 3" sslazul
Adgi 005 o (e Sl SMae o sla gzl
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S g oo 02l Bpman Gl b 5 )5 (535 )13 &9
5 83055 ol )3 TUNXZD ()5 ) 5ol (gl S S
O sl gl W86 el dig Mg g 2l)d e
Nie et ) Cwl o oalam! L;/@Ué JSV» e 9N ¢UJM.\‘E_¢
SBig8y90 wem) DMPB 5 5> ,us sleel (al., 2021
S 69l b o> (Ble g 5395 (plo 3 (F Gl
09 GHas o bl jlg)le slacpaes 4 i
Wu et ) s Sl @lypuss 5 ady p osllaslh Ol il 465 zun
e ly s posis inlyas 45 el o i liS (al., 2023
St Aty clo g pleal b L5l o CRISPR/Cas9
i s ol e BB 25 (AMGS) 015 qunige
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3. White spot syndrome
4. Antimicrobial peptide genes

Ob »T 33 CRISPR-Cas sl
3 sl 3 Slod i (sLwd )l (Gl S 6558
WHae g g ab) 3 Slee G sl 0 Gilng dex
B3 pRali8l g (el laguel dgne ey Dlas S5m0
L psf Gl iy SiSSanily oo ald CudeS dgue 5 (210
San by oMde dawgs 3y &5 plalidl o jpe S
Ale iz 53 (MSTN) (5t 5 (il
OBy S osliogle a0l (38 srelcuiige &ypon,
e ailio (B-TGF) bumasy Jole slagy olgls 5l
Silodledps L pun S SUiSS A8 (0 (65 5l dlae )
‘_Ja—w )yf Ails gﬁ)sx.. olle jl gl > oeilwgle 07

.(Roy et al.,, 2022) cowl oais dlae oy (ilidl ecely
) el 48 et 0055 0F Sl e s iz
a8y iel3dl g il (ale 3 Ladl il el S o )8
.(Kishimoto et al., 2018) ol ouis
153 o a5 gyt (IGF) gl a5 53, 45516 o5
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O e 0395 dawgs g A5y £ Bl Cae LS ()
oo (Cleveland et al., 2018) cwl s ool il
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Li )25 03, 25 pl8l el g e W) (g5l codlys
Lo ale Cuwin yuss (slp yow S i 3l .(€T AL, 2021
wole o gsdf o5 0 Gias (Jlie laisds .l i ool
(Chenetal., 2018) YY , (Jiang et al., 2016) Xy LM
Ol 295 (oo Jlb (sla ez b oole &y JolST Jos 4 i

1. Insulin-like growth factor 1
2. Insulin-like growth factor-binding protein
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