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Abstract:

Diseases caused by viral and bacterial pathogens represent major challenges to
global aquaculture, threatening productivity and sustainability. Conventional
disease management strategies such as vaccines and antibiotics have limitations
including specificity and resistance development. Molecular biotechnology
offers revolutionary tools to enhance disease resistance in aquatic animals
through genomic selection, gene editing, and molecular immunomodulation.
This review comprehensively examines the application of molecular
biotechnology in improving immune defenses against viral and bacterial
infections in aquaculture species. Key technologies including omics,
CRISPR/Cas systems, antimicrobial peptides, and RNA interference are
discussed. Immunological mechanisms of aquatic species, advances in selective
breeding, and emerging precision aquaculture approaches are reviewed.
Challenges and future perspectives are highlighted to provide a roadmap for

sustainable aquaculture disease management using molecular biotechnology.
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2, Infectious Salmon Anemia Virus=ISAV
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4, Antimicrobial peptides =AMPs

p2l® ) DNA (o5 sls 9 1) 59! 5o
Al )Xo Jeg0 cMSlae [LS 50 0,805, () 05l o0
IS5 tasl s ax5 (gl el o RNA "al 3o
Lo ler TSl v b sleay (eres
W)l Gylom J5oS (s sloghs) @l sloassS lgasl
O g9,50e v sl aiiy (Jls Gleeds s 0
ool pl—ai b g aniS o iyl SIS sl o Sl
b il el o0 i g e S gl enllad
i) jskiie 4r (ob 590 slowisS o lag] Gl (o aige
9 S DMl 2 ogdle 515 D929 (5 jlo 4y Caeglie
EUNYPURENEPURIE TURSRAE NIPE S
508l Sgnte 9 Lo Jolge plg) pandets (ISl
L Lo slid ol pleol o5l e palyé |, Loy STy
Cods aly il (Gdo ponisil sl il
SrSpeead Glatiy Glapin s 9 K> p (e

P L slen Conae g ollal (Sile jedilsn (S
slacd, i (pl oy b idu o sg Ay olsj
SRRV TR SS GRSV S W P U E SRy
el (S Aoz 5l 2l x50
9 S Bl o 598 lacsz sl «395L- () bsee
e el pdywlide 5 48 oaig ie slags sl @
ax lgo (55,55 alizee Glo i g b &5 55
ol b ablise gl (Mokrani and Liu, 2024) <l
opes hndy latd nin legh S el
Loz Hom0 cnl c T )50 ol o, e
G395 g0 0 )5 (SeS Cax Dy (13,5 (g, Sas
A8 sl ohsilr el Ceglie Cusi o J5SUse
G k5 glo il (b 2S5 g ng o gle
LaisS o319 (69,90 Slallas (Sl slap 535« J9SIge
Sh G g Sl 005 wtaz 5 1 oan] slajlaileis
sla)bon Cmpa U5 50 (55 535550
b=t ]y lié cotel 5 (sl s 4 90!
I $ilsSiger (J9ge S Sisn e oo
aS ol a8 i ST 5l 00 1S lacgome Jolis
9 S pobw ;0 () slaJ9Sge (o S b
@ 696l Gk g 6590 Seate sskite 4 Jolw
el y 38 S (Bl oty (nl 09 (oo a3 5,15

3 RNA interference = RNAI



Serogi ool 9 (Sro gy ySun )i

sl RNA L acsarme aslllas  oSongin S 5

WJobo o b o Ll )l Cod pgis Jaw s 00l cungis
2 8y9—2 Slpl aaS Cul e B 8L
9y onl sl oa b bk 59 sl slo g
OMalss Job )0 05 ol sl bilisy 5l 2ls slogian
Fo:se sl prilSe g S oo wal 8 G35k - 0L e
SLaiss ;o (gilen 4 Cuwglie g mal Glagwly Loy
Ols b RNA b I 32,k 5105l oo 35, 1) s3]
o aiilyi oo plidoe |y s slo (s pslis 5V
5 mang saigie 5l (B magy) Sl 5l (oelr
b by ogee (510 e 5 155 5 2551 Cows 4 0L 25T,
g oo 5lee b Jlad (5 )lon b agzlae o a5, el
WlT ale 6K aiile (5] sloassS jo asS ol L
25 yob & (segin S 5 b Jelos (LS 5 g 50
legSl o sloauzy @l sy laigae a5 wilools ylis
N2 JUUS ] RVEL JU 5] POV (RSSO T | v
S0 5 008 o (slocy Bl Gl Jalot Vgons
M5 508 il 09,5 505 5 MapnSgmle 758Ul lolis
il g JoSo s 132l g (29,500 2o slansty
4 005ll (slagSin i Sy (Jlie st 4y ol
b bas e slagss ole Gl s &S pj00 (g g
szl 5 Ll (2o Ui sl Jeloe plulis
J oo Sbles &5 amo oo L ]y oy g 0o
slo B gy o Lt job a4 ol S5 ol
Sleel Gosns b agzlye 5l o Oloplodlil (gogin S i3
5 5958 50) Gl ys 3w Jled ST ale she
Jslow ot J70S 9 5y 4ol S ye b lai o sl
RS 38 dgama lp oS Slw s iz ) o
T yd 3 Sl lae Dlalllas L osinn Sl> gy
sla,Slis plolid 4 bz g polie lacais) o
S5 Golom Jozs b bad e w8 o 5 5 (S5
plil ladss @iges sl (Natnan etal., 2021)ailos )
S 555, VT3 5 Szl olT ale (g5, oo
Slaie Slapad g 00,5 awlial) lo glo Ly

8, Chemokines
°. Apoptosis

Vs ame Sz ool & ol gl s)len
(Jose Priya and cewl 05,5 Ll wisS oo s 1) oLy
aS g Sy ol8l Gl K.l L Kappalli, 2022)
Sk 5 wsny sloisas plp 0 SIS Cuglin
@ (Sly (JSge o5 ol sloanl p il
Caw Lools gl 1) olasds slocyleys g lacSsgn ol
ol Sl LS 5 ey Sl a5 a
@508 5 ORlng slaghs) «nl 2 092l el oo e
izl asi b 1 slow Jolse 9959 oo 15 )0 S
o Oloj 3 i £ 5 Gl 4 &S wits (ol
$l ool | b a5 JsSge (5l pan STy alonl o Las Lo
dn sl S 558 DNA (sl 5 )5lid 5 (sogi5 le Dol
e 3 Aiedad gr i STy ol gl 2l cilazily
35S 5 w6 lons A Cenglin 5 odle .aim e 451,
WS (g0 S 5 STys o S 3 9n 4 J9Sse
1 13E oS abe cloaiss waige b il Gyb 5l
L e ol Findy g WS o0 Bra s 65 S Do 4
2O N oo Wy slaan g g Dluls tals
Slgo bond (S o ow digelams) SloSTyo> dn o3
G el sladisS (sl p eadaige 5 (592 ke
G S iy 3925 b oo B g o plly o)l
o357 (nl er9m8 3] 50 J5Use 5955 5 2T,
Eloe clio (S35 o Sz pls5 2l L
S Eoln 5 (ogee STslar by po Jlss (58
o ol b sl axlgs Sy S-Sl oy 4o
(P sleanyp 2als (55l palae slacsd,
b e sln Sl slali alBls o Gleg
Goancil 3 550 5595505 pleal 5 anw g laly
S (Sl e lah o laegl WS e Cagi )
Lo Co e s i psle (oo (o L s
Sy i oo Mg o2 |y cloml olaisl g o
el b oI5 ) ity ) JelS 610 20 0
Jsi eaeg (JoSlge (59l iy Janly Bpde
4 Mo g polie b,y ool 4 Sys 0
a0l as seo ey daece sy sb oo )gi s
Slga cals 0392 58 ounl Sloz slajls 4 9%l
(Wang et al., 2023) el olie

5. RNA-seq
¢, Pattern Recognition Receptors =PRRs
7. Cytokines
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'3 Tumor Necrosis Factor =TNF
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16" Extracellular Matrix =ECM

7. Vibriosis

8 . Expression Quantitative Trait Loci = eQTL
% . Genome-Wide Association Studies =GWAS



ssb 4 wr e e 8 a1y b ol Gloale
alosls als 1) b S5 gleowsy o Wy cobld 495 LB
)‘ ool 9 Lmdil J)...»S le)J Q"?" LSQl) ).a‘ U”‘ 9
390255 ;3 CRISPR/CaS 3840 0, 15" Jlal sla kg,
090° 4 S syl e JUil 4wl Do o
(SLQJ.A[} )l oolai__ul ‘r'ujﬂ—w‘)}’jj&” ‘ Y‘\éﬁ)}s}.‘{)
S8 oolatw] 8,50 Dglaie slacaidge b calisee sladisS
o9y iz Mo nsS; U ls 4 Gy, ilans S
=95 shlng sbml lp Jshate slo S 5l (S
Jsl slapin s a5 Jb o e | Jieadgs s o
57T Slogs sbl et syl (slosals sl o5
A axwyd J> o Jis! Gbys lao S
ngNAG>|)J4 3 Sl b Sasle ygailen sla I3l
waiS o oyl Gas Sl 2B Gl Blas L S5 sl
@ 6)lPle s slapyiily jo 4 SO0 glacd, iy
SaS Ghalng @b @il 5 Sue Je (i
(538 Slaxde . auS oo fuendi |y Slosl g SB35 5005
(A58 Sy o e (sl 5 (B
&5 obMal syl 13 DSy Sl by )
oo Sl B Gla iz osbml o)l ol SIS crge
g Canb 4 g5l ol S yge o shaoCon 3 ulj.:ls
o @9_»[.9 sl )l cw lodds oS8 a0 Y
C)La‘ &_JL:‘}»? Lm)}...f u>_‘>).1 PEEIY &_JjLD.».A @LP C.'a.w
S (6 ) Ologzge 5l glase 1) ou b S5
‘) 6)Lm6)bu ..\39) Sl us.o.a as M‘Q‘SA Yro\.\_{;}
Lo ‘uu}o olé) J.AL.» @M:" Sl asS o
Gaglmd dn aVole w0 g S £
oS Hliee oudlas (Robinson et al., 2023)a_ib o
Ol b a2l sl Sy 330 slo 2bj)l g (sesee
C Sl (550 WY sis (5 y5l5 sy 5 L
6)9)-&6}?1 5 CRISPR/Cas w_;.;.—l 6L“’)b—"rv-—*‘“>

2, Microinjection

30 Electroporation

31, Zygotes

2, Somatic

3. Genetically Modified Organism=GMO
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24 Ictalurus punctatus

23, Cathelicidin

26 Flavobacterium columnare

27 Nervous Necrosis Virus =NNV
28 Chilodonella
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47 Major Histocompatibility Complex=MHC
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