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Figure 1: Components of CRISPR biological system with nuclease 9 (CRISPR-Cas9). The CRISPR-Cas9 technique
includes several essential components that enable precise genome editing. In the first step, the Cas9 protein enters the
nucleus as a molecular scissors and separates the DNA strands at specific locations. In the second step, the guide RNA

(gRNA) acts as a molecular guide and provides Cas9 with the sequence information necessary to target and bind to
the desired DNA site (target).
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Figure 2: The flow diagram shows the methods of collecting studies related to the use of CRISPR-Cas technology in
.aquatic animals (Sources have been searched until May 2024)
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Figure 5: Summary of recent applications to increase disease resistance in commercial fish in aquaculture using genes
related to antimicrobial peptides by genome editing technique with CRISPR-Cas9 system (Wang and Cheng, 2024).
(a): Genes associated with different antimicrobial peptides (AMPs) and some immune-related parameters and (b):
Different pathogens and immune-related parameters. For example, genome editing of grass carp and channel catfish
has been detected in the synthesis of antimicrobial peptides of lactoferrin and peptides extracted from lysozyme by
evaluating lysozyme activity (LYA). IRGE, the expression of immune-related genes; TGE, the expression of
exogenous AMGs; CSR, cumulative survival rate; CFU, colony-forming unit of bacteria.

G5 Pl o SOXA 1) clld 6,500 Gialejl o
lausl 5 o igels CRISPR-Cas9 (s,5Ls alowga
Voo a Macse byl Slls a5 ol ol
Nie et ) cal als Jb asl s obabe s ws)s
sl sbaysw adsi il S Ll @l 2021
055 Uilng slaylpl Gk ) (Dlaeim lag sl
kol alizes slags)sbid b annlio )0 oo Syl Sy
Rl slagys glpeinl slp 6 i Slidios 5 039 )
GaaisT ple ool 3 Bas 5 (s ol b Lo

ol 5L 3590 (559
Che S glee 4 K L odad e glbays olele o
Jolo LalaSS, ) g8 paix @ Gl ) )l
Ol SIS g payh daadely) S (e
ol ol o (Eslamifar et al., 2017) cusls L ,e
£V

39 s Cg> CRISPR-Cas9 l eolaul caie; ool 5o
@by e (s 3S okele o TUNX2D
oL 3 (Megalobrama  amblycephala)
WL wax sledgw oJgi w40 (Carassius gibelio)
JSo Gl s 4 G (s sbagly
Nieetal., ) a5 o L5 6l Lsle 5 5,0l
4, .(2020; Dong et al., 2023; Gan et al., 2023
Ces) DMPE (3 s i sl e b
P9 Bl 9 6555 (ale )3 (F plgpinl Siied e
CRISPR-Cas9 s,5bs L (Carassius auratus)
haeim sbaglyzal 5l gl ceres 4 e
SISl Dliss 5 0l oollasl SIS AT (e
,o (Kuang et al., 2023; Wu et al., 2023) o oy


https://isfj.ir/article-1-2814-fa.html

[ Downloaded from isfj.ir on 2025-06-07 ]

GJJJeLS)JT od CRISPR-Cas LSJJLL&

bl 5l esliiul Lial, s o oS Slules
s olyee gy o CRISPR-Cas9 aile 5 (ialyg
Sl 2283 S5ue 1) D9z ge (o o olss iz slal
ey O ol eaSelan G elovl2 oy ke
slyl olo als o elile x> ol piiwgy
e b (55l 0355 Ghoals g Senl (bl gl S
b ooods adss Ludbl Lugildl o1 ale ,o CRISPR
ez sl Yl g omb polie Gl ey
e Sl G2l s Gl Sa g, OF gl gletl e
alae g 30 S 3 0z il glidl e o > slaol

(Datsomor et al., 2019 a, b) o2 o.bw
OoN o, ol Slgzme s Cas9
Sz, Gdse slodos 5l (o il lopasls)
ools plis liiss wlisS o,lil K cy Byo o
bize 9 39750 dlge nti b (i O)jg0h Sl
Sabzi et al., 2021; ) sgi e pbml Ll cus
o 059, Lol «(Shekarabi and Mehrgan, 2021
oy ol adg a5 cul auilss CRISPR-Cas9
e sl b gy SEge Slas gln gl
et Sy o a5yl Blas ln | glale
Tanwar and Kumar, 2020; Kukreja et al., ) aas
SFoml Comd a4 LS e ol 1 (2021
.b.:.?oo 4 u’_aLM 9‘9.0 99,9 JLQ.O‘ o)|5.o.® 9 J.;)l.)

3,10 0ezg Conn

&5 4
|, 5Slolua slojlulyis CRISPR-Cas ol
Sl Gosnenl eyasa (b pole Sliios
, CRISPR-Cas (5,58 ;5 oolatwl ax 51 .aas o
Sl plaSome g Cwl adsl Jole p0 s (SNt pole
dadllas .ol ool S 0)|5 )5}&}‘ a4 iy L)] ‘_gLQ\)).')lS
s olse & CRISPR-Cas (s,5ls @ ,is & ol

Slacs cul sl peis Giuling Cyo wied a8 3l

JrS JB Josse slapucille aliwgts puitinns 8
sl s QYD jleiens o Gub 3l ol eaiSedas
5 ool b aslllas G ol jo o] Solsen slasy;
ol pl a5 al sl (Oryzias latipes) oo ol
25 o JobS gosie g slapir 308 4 e gl
35 oS Lheels wlie j4b 4 (Fang et al., 2019)
ab oo Sas 5 b s (C.oauratus) s>
Nakayama et al., 2013; Xu et al., 2022; Li et )
O S aS el ool olas beassl .@l, 2024
Slacarezr )3 muidl LlS5 50 ulS saiSe s
Sww a5 315 59>5 (Astyanax mexicanus) ¢ sl
sob 4 ol pl cuny U b Yo 4l
Sl (S5 ) ws J ardl oS 59d hgels (b
555 5bls e CRISPR w2,k 5 (g5l led
k5o o S S5, hen Olele (B S ]
{(Eslamifar et al., 2017) el 35,56 o1 o

GLdls (ole Congy gy ol b 50,8 ST, (Jle sl
Codgda g (goiun b Glile alize bl o o
Nafisi-Bahabadi and Akhavan-) c.l sy ol
©oaxie Olalllas LS ol o (Bahabadi, 2015
po5 olng DR Gk 3l GRS, che See sl
Gy s s Jle gl cewl sass plosl CRISPR
Bl g pdle Fiwgw LielS 4 e tyrb 5 hpsé
PR G Cevg ok laasd LS o
Luetal., 2022a,b; Wang et al., ) cuul ooy 5 ples
spmelb slayys o YU jig> F 5 «oplpegde (20222
5 rder slaysdsdle (i8) (el & . pmEla
Shale Congy 5 (o3l g slaws [l 5N La gl o5l

(Wang et al., 2022b) <ol suis LoMLS
©r7 Sbadel Fign sla by, B wis,S W6 lide
Jdo a slale o 1) (PUFAS) alfas glul e

ZA


https://isfj.ir/article-1-2814-fa.html

[ Downloaded from isfj.ir on 2025-06-07 ]

Biotechnology Conference of the Islamic
Republic of Iran. 12-14 Sep 2011. Tehran,
Iran.

Akhavan-Bahabadi, M., 2020. Fish-derived
antimicrobial peptides (AMPS): promising
and novel candidates as potential
therapeutic molecules for the preventing
and treatment of Covid-19. Fourth
International ~ Fisheries and  Aquatic
Research Congress, 18-20. November 2020.
Tehran, Iran.

Akhavan-Bahabadi, M., Paknejad, H.,
Habibi Rezaei, M., Hedayati, A. and
Moghimi, H., 2021. Screening of
epidermal mucus from Neogobius fluviatilis
pallasi for finding antimicrobial peptides.
Aquatics Physiology and Biotechnology,
8(4):93-114.
DOI:10.22124/JAPB.2021.15917. 1371. (In
Persian)

Akhavan-Bahabadi, M., Paknejad, H.,
Hedayati, A. and Habibi Rezaei, M.,
2020a. ldentification and purification of
antibacterial peptides of epidermal mucus
of Neogobius fluviatilis pallasi. PhD
Dissertation, Gorgan  University  of
Agricultural ~ Sciences and  Natural
Resources. Gorgan, Iran (In Persian).

Akhavan-Bahabadi, M., Paknejad, H.,
Habibi-Rezaei, M. and Hedayati, A.,
2020b. Antioxidant peptidic components
derived from epidermal mucus of
Neogobius fluviatilis pallasi.  Fourth
International ~ Fisheries and  Aquatic
Research Congress, 18-20 November 2020.
Tehran, Iran.

£

Load 56 ol sleo)ls 5 gyl nl bz
2 Fee 6 g slop)lS w4 (Jlgnl
(Slwalae iali8l g ul, o Slee 590 0 CRISPR
5 okl Gl len adis (Ui SS Curex Wy
9 e Olid=d (g len 4 pslie slacires oy
i aized ool 5l bojsm ol o eSS
) au3e g ogm b laye slofulovgajod b oanl
ygld 5l edlital 4 anedde lhonsrl sy
b aws 8 cogll jo calize sloais; ;o CRISPR
A0 gy oml YL saelyls LS s Jle olla>dle
Sl sly e slaobs)l g Sliddiod 09 413 )5
osill Sl 5 ol el 5 DB Slisde (il
sy Sy ol L5 3,50 3 )y (Sl
5 et (BT o sloJaal s 5 Lozl
CRISPR- (5,5l J| (65 5% i i s
099y onl (WS 5 ¥ sie oolaul 5l L ogds sl | Cas
i el el 058 Lol lisabl S5l pgle o
49 CRISPR-Cas (s,5Ls ;| a¥giun solatwl 5 poitws
Goged 4 pliws @lp ) o) Wl ML mlo

Al lsen Gl sys !

&b
Aiamsa-at, P., Sunantawanit, S.,
Chumroenvidhayakul, R., Nakarin, F.,
Sanguanrat, P., Sritunyalucksana, K.
and Chaijarasphong, T., 2024. A novel
dual CRISPR-Cas assay for detection of
infectious hypodermal and hematopoietic
necrosis virus (IHHNV) in penaeid shrimp
without false positives from its endogenous
viral elements (EVEs). Aquaculture,
741452,
DOI:10.1016/j.aquaculture.2024.741452
Akhavan-Bahabadi, M. and Farahmand, H.,
2011. Genes involved in sex determination
and differentiation in teleosts. The 7"


https://isfj.ir/article-1-2814-fa.html

[ Downloaded from isfj.ir on 2025-06-07 ]

6)3&(5)“.“ od CRISPR-Cas LSJJL.‘A

Aguaculture, 512:734340.
DOI:10.1016/j.aquaculture.2019.734340
Chen, J., Fan, Z., Tan, D., Jiang, D. and
Wang, D., 2018. A review of genetic
advances related to sex control and
manipulation in tilapia. Journal of the
World Aquaculture Society, 49(2): 277-291.
DOI:10.1111/jwas.12479

Chen, K., Wang, Y., Zhang, R., Zhang, H.
and Gao, C., 2019. CRISPR/Cas genome
editing and precision plant breeding in
agriculture.  Annual Review of Plant
Biology, 70:667-697.
DOI:10.1146/annurev-arplant-050718-
100049

Chu, W.K,, Huang, S.C., Chang, C.F., Wu,
J.L. and Gong, H.Y., 2023. Infertility
control of transgenic fluorescent zebrafish
with targeted mutagenesis of the dnd1 gene
by CRISPR/Cas9 genome editing.
Frontiers in  Genetics, 14:1029200.
DOI:10.3389/fgene.2023.1029200

Cleveland, B.M., Yamaguchi, G., Radler,
L.M. and Shimizu, M., 2018. Editing the
Duplicated Insulin-Like Growth Factor
Binding Protein-2b Gene in Rainbow Trout
(Oncorhynchus mykiss). Scientific Reports,
8:16054. DOI: 10.1038/s41598-018-34326-
6

Datsomor, A.K., Olsen, R.E., Zic, N,
Madaro, A., Bones, A.M., Edvardsen,
R.B., Wargelius, A. and Winge, P.,
2019a. CRISPR/Cas9-mediated editing of
A5 and A6 desaturases impairs AS8-
desaturation and docosahexaenoic acid
synthesis in Atlantic salmon (Salmo salar

Akhavan-Bahabadi, M., Paknejad, H.,

Hedayati, A. and Habibi-Rezaei, M.,
2024. Fractionation of the Caspian sand
goby epidermal exudates using membrane
ultrafiltration and reversed-phase
chromatography: an investigation on
bioactivities. Scientific Reports, 14(1):1716.
DOI:10.1038/s41598-024-52126-z

Ansori, A.N., Antonius, Y., Susilo, R.J.,

Hayaza, S., Kharisma, V.D., Parikesit,
A.A. and Burkov, P., 2023. Application of
CRISPR-Cas9 genome editing technology
in various fields: A review. Narra Journal,
3(2):1-14. DOI:10.52225/narra.v3i2.184

Bohara, K., Parsaeimehr, A. and Bhattarai,

S., 2024. CRISPR-based diagnostic in
aquaculture: Application,
Potential/Opportunities, and Limitations.
Potential/Opportunities, and Limitations.
Available at:
https://ssrn.com/abstract=4815342
(Accssed on: May 2, 2024).

Booncherd, K., Sreebun, S., Pasomboon, P.

and Boonanuntanasarn, S., 2024. Effects
of CRISPR/Cas9-mediated dndl knockout
impairs gonadal development in striped
catfish. Animal, 18(1):101039.
DOI:10.1016/j.animal.2023.101039

Chaijarasphong, T., Thammachai, T.,

Itsathitphaisarn, O., Sritunyalucksana,
K. and Suebsing, R., 2019. Potential
application of CRISPR-Casl2a
fluorescence assay coupled with rapid
nucleic acid amplification for detection of
white spot syndrome virus in shrimp.


https://isfj.ir/article-1-2814-fa.html

[ Downloaded from isfj.ir on 2025-06-07 ]

different leveles of tomato powder on
growth and survival rates and carotenoids
deposition in skin and muscle tissues of
silver dollar fish (Metynnis hypsauchen).
Journal of Animal Physiology and
Development, 39 (4):31-43. (In Persian)

Fang, L., Hung, S.S., Yek, J., El Wazan, L.,

Nguyen, T., Khan, S., Lim, S.Y., Hewitt,
AW. and Wong, R.C., 2019. A simple
cloning-free method to efficiently induce

gene expression using
CRISPR/Cas9. Molecular Therapy-Nucleic
Acids, 14: 184-191. DOI:

10.1016/j.omtn.2018.11.008

Farahmand, H., Akhavan-Bahabadi, M.,

Nematollahi, M.A. and Mirvaghefi, A.,
2015. Investigate the possibility of Sex
determination of rainbow trout
(Oncorhynchus mykiss) using molecular
markers. Journal of Fisheries, 68(1):1-11.

DOI:10.22059/JFISHERIES.2015.53866.

Gan, R.H,, Li, Z, Wang, ZW., Li, X.Y,,

Wang, Y., Zhang, X.J., Tong, J.F., Wu,
Y., Xia, L.Y., Gao, Z.X., Zhou, L. and
Gui, J.F., 2023. Creation of intermuscular
bone-free mutants in amphitriploid gibel
carp by editing two duplicated runx2b
homeologs.  Aquaculture, 567:739300.
DOI:10.1016/j.aquaculture.2023.739300

Ghouneimy, A., Mahas, A., Marsic, T.,

\A

Aman, R. and Mahfouz, M., 2022.
CRISPR-Based Diagnostics: Challenges
and Potential Solutions toward Point-of-
Care Applications. ACS Synthetic Biology,
12(1):1-16.
DOI:10.1021/acssynbio.2c00496

L.). Scientific  Reports, 9, 1-13.
DOI:10.1038/s41598-019-53316-w

Datsomor, A.K., Zic, N., Li, K., Olsen, R.E.,

Jin, Y., Vik, J.O., Edvardsen, R.B.,
Grammes, F., Wargelius, A. and Winge,
P., 2019b. CRISPR/Cas9-mediated ablation
of elovl2 in Atlantic salmon (Salmo salar
L.) inhibits elongation of polyunsaturated
fatty acids and induces Srebp-1 and target
genes. Scientific  Reports, 9(1):7533.
DOI:10.1038/s41598-019-43862-8

Dong, Q., Nie, C.H., Wu, Y.M., Zhang, D.Y.,

Wang, X.D., Tu, T., Jin, J., Tian, Z.Y.,
Liu, J.Q., Xiao, Z.Y., Wan, S.M. and
Gao, Z.X., 2023. Generation of blunt snout
bream without intermuscular bones by
runx2b  gene mutation.  Aquaculture,
567:739263.
DOI:10.1016/j.aquaculture.2023.739263

Doudna, J.A. and Charpentier, E., 2014. The

new frontier of genome engineering with
CRISPR-Cas9.
346(6213):1258096.
DOI:10.1126/science.1258096

Science,

Elaswad, A., Khalil, K., Ye, Z., Liu, Z., Liu,

S., Peatman, E., Odin, R., Vo, K,
Drescher, D., Gosh, K. and Qin, G., 2018.
Effects of CRISPR/Cas9 dosage on
TICAM1 and RBL gene mutation rate,
embryonic development, hatchability and
fry survival in channel catfish. Scientific
Reports, 8(1):16499. DOI:10.1038/s41598-
018-34738-4

Eslamifar, A., Farhangi, M., Rezaei, K,

Majazi Amiri, B. and Akhavan-
Bahabadi, M., 2017. The effects of


https://isfj.ir/article-1-2814-fa.html

[ Downloaded from isfj.ir on 2025-06-07 ]

6)3&(5)“.“ od CRISPR-Cas LSJJL.‘A

bream Pagrus major with an increase of
skeletal muscle muss and reduced body
length by genome editing  with
CRISPR/Cas9. Aquaculture, 495, 415-427.
DOI:10.1016/j.aquaculture.2018.05.055

Kleppe, L., Fjelldal, P.G., Andersson, E.,

Hansen, T., Sanden, M., Bruvik, A.,
Skaftnesmo, K.O., Furmanek, T.,
Kjaerner-Semb, E., Crespo, D. and
Flavell, S., 2022. Full production cycle
performance of gene-edited, sterile Atlantic
salmon-growth,  smoltification, welfare
indicators and  fillet  composition.
Aguaculture, 560:738456.
DOI:10.1016/j.aquaculture.2022.738456

Kuang, Y., Zheng, X., Cao, D., Sun, Z.,

Tong, G., Xu, H., Yan, T., Tang, S,
Chen, Z., Zhang, T., Zhang, T., Dong, L.,
Yang, X., Zhou, H., Guo, W. and Sun, X.,
2023. Generate a new crucian carp
(Carassius  auratus)  strain  without
intermuscular bones by knocking out bmp6.
Aguaculture, 569:739407.
DOI:10.1016/j.aquaculture.2023.739407

Kukreja, S., Gunarathne, S.S., Giri, T,

Goutam, U. and Gautam, S., 2021.
CRISPR-CAS9: A genome editing tool for
improvement of biofuel production in
diatoms: A review. Plant Archives,
21(1):202-209.
DOI:10.51470/PLANTARCHIVES.2021.v
21.51.035

Li, H., Wang, X., Zhang, R., Liu, L. and

Zhu, H., 2024. Generation of golden
goldfish Carassius auratus via tyrosinase
gene  targeting by  CRISPR/Cas9.

Gootenberg, J.S., Abudayyeh, O.O., Lee,
J.W., Essletzbichler, P., Dy, A.J., Joung,
J. and Zhang, F., 2017. Nucleic acid
detection with CRISPR-Casl3a/C2c2.
Science, 356(6336):438-442.
DOI:10.1126/science.aam9321

Gratacap, R.L., Regan, T., Dehler, C.E,,
Martin, S.A., Boudinot, P., Collet, B. and
Houston, R.D,, 2020. Efficient
CRISPR/Cas9 genome editing in a
salmonid fish cell line using a lentivirus
delivery system. BMC Biotechnology, 20:1-
9. DOI:10.1186/512896-020-00626-x

Hallerman, E., 2021. Genome Editing in
Cultured Fishes. CABI Agric. Biosci. 2.

Huang, T., Zhang, R. and Li, J., 2023.
CRISPR-Cas-based techniques for
pathogen detection: Retrospect, recent
advances, and future perspectives. Journal
of  Advanced Research, 50:69-82.
DOI:10.1016/j.jare.2022.10.011

Jiang, D.N., Yang, H.H., Li, M.H., Shi, H.J,,
Zhang X.B. and Wang, D.S., 2016. gsdf is
a downstream gene of dmrtl that functions
in the male sex determination pathway of
the Nile tilapia. Molecular Reproduction
and Development, 83:497-508.
DOI:10.1002/mrd.22642

Kaminski, M.M., Abudayyeh, 0.0,
Gootenberg, J.S., Zhang, F. and Collins,
JJ., 2021. CRISPR-based diagnostics.
Nature Biomedical Engineering, 5(7):643-
656. DOI:10.1038/s41551-021-00760-7

Kishimoto, K., Washio, Y., Yoshiura, Y.,
Toyoda, A., Ueno, T. and Fukuyama, H.,
2018. Production of a breed of red sea

\Al


https://isfj.ir/article-1-2814-fa.html

[ Downloaded from isfj.ir on 2025-06-07 ]

Aquaculture Reports, 23:101077.
DOI:10.1016/j.agrep.2022.101077

Lu, H., Cui, Y., Jiang, L. and Ge, W., 2017.
Functional analysis of nuclear estrogen
receptors in zebrafish reproduction by
genome editing approach. Endocrinology,
158:2292-2308. DOI:10.1210/en.2017-
00215

Lu, J., Fang, W., Huang, J. and Li, S., 2021.
The application of genome editing
technology in fish. Marine Life Science &
Technology, 3(3):326-346.
DOI:10.1007/s42995-021-00091-1

Luo, M., Wang, J., Dong, Z., Wang, C. and
Lu, G., 2022. CRISPR-Cas9 sgRNA design
and outcome assessment: Bioinformatics
tools and aquaculture  applications.
Aquaculture and Fisheries, 7(2):121-130.
DOI:10.1016/j.aaf.2021.10.002

Major, L., McClements, M.E. and
MacLaren, R.E., 2022. New CRISPR tools
to correct pathogenic mutations in usher
syndrome. International Journal  of
Molecular Sciences, 23(19):11669.
DOI:10.3390/ijms231911669

Mingarro, G. and |i del Olmo, M., 2023.
Improvements in the genetic editing
technologies: CRISPR-Cas and beyond.
Gene, 852:147064.
DOI:10.1016/j.gene.2022.147064

Mobini, M., Salehi Farsani, A., Shamsaie
Mehrgan, M. and Hosseini-Shekarabi,
S.P., 2021. Effect of 17-a-methyl
testosterone on the sex reversal of rainbow
trout (Oncorhynchus mykiss). Journal of

Yy

Aguaculture, 583:740594.
DOI:10.1016/j.aquaculture.2024.740594
Li, L., Zhong, Z., Zeng, M., Liu, S., Zhou,
Y., Xiao, J., Wang, J. and Liu, Y., 2013.
Comparative analysis of intermuscular
bones in fish of different ploidies. Science
China  Life  Sciences,  56:341-350.
DOI:10.1007/s11427-013-4465-5

Li, Y., Jia, Z., Zhang, S. and He, X., 2021.
Progress in gene-editing technology of
zebrafish. ~ Biomolecules,  11(9):1300.
DOI:10.3390/biom11091300

Liu, K., Petree, C., Requena, T., Varshney,
P. and Varshney, G.K., 2019. Expanding
the CRISPR toolbox in zebrafish for
studying  development and  disease.
Frontiers in Cell and Developmental
Biology, 7:13.
DOI:10.3389/fcell.2019.00013

Lo, C.A., Greben, AW. and Chen, B.E,,
2017. Generating stable cell lines with
guantifiable protein  production using
CRISPR/Cas9-mediated knock-
in. Biotechniques, 62(4): 165-174. DOI:
10.2144/000114534

Lu, B., Liang, G., Xu, M., Wang, C., Tan,
D., Tao, W., Sun, L., Wang, D., 2022a.
Production of all male amelanotic red
tilapia by combining MAS-GMT and tyrb
mutation. Aquaculture, 546:737327.
DOI:10.1016/j.aquaculture.2021.737327

Lu, B., Wang, C., Liang, G., Xu, M,
Kocher, T.D., Sun, L. and Wang, D.,
2022b. Generation of ornamental Nile
tilapia with distinct gray and black body
color pattern by csflra mutation.


https://isfj.ir/article-1-2814-fa.html

[ Downloaded from isfj.ir on 2025-06-07 ]

6)3&(5)“.“ od CRISPR-Cas LSJJL.‘A

Aguaculture, 529:735672.
DOI:10.1016/j.aquaculture.2020.735672
Qi, Y., Li, K, Li, Y., Guo, D., Xu, J., Li, Y.
and Gong, W., 2022. CRISPR-based
diagnostics: a potential tool to address the
diagnostic challenges of tuberculosis.
Pathogens, 11(10):1211.
DOI:10.3390/pathogens11101211

Richardson, C., Kelsh, R.N. and J.
Richardson, R., 2023. New advances in
CRISPR/Cas-mediated precise gene-editing
techniques. Disease Models & Mechanisms,
16(2):dmm049874.
DOI:10.1242/dmm.049874

Robinson, N.A., @stbye, T.K.K., Kettunen,
A.H., Coates, A., Barrett, L.T., Robledo,
D. and Dempster, T., 2024. A guide to
assess the use of gene editing in
aquaculture. Reviews in Aquaculture,
16(2):775-784. DOI:10.1111/raq.12866

Roy, S., Kumar, V., Behera, B.K., Parhi, J.,
Mohapatra, S., Chakraborty, T. and Das,
B.K., 2022. CRISPR/Cas genome editing-
can it become a game changer in future
fisheries sector?. Frontiers in Marine
Science, 9, 924475.
DOI:10.3389/fmars.2022.924475

Sabzi, S., Mehrgan, M.S., Islami, H.R. and
Shekarabi, S.P.H., 2021. Changes in
biochemical composition and fatty acid
accumulation of Nannochloropsis oculata
in response to different iron concentrations.
Biofuels, 12(1):1-12.
DOI:10.1080/17597269.2018.1489672

Shekarabi, S.P.H. and Akhavan-Bahabadi,
M.A., 2024. Medicinal plants as a safe and

Animal Environment, 13(2), 295-302. (In
Persian)

Mokrani, A. and Liu, S., 2023. Harnessing
CRISPR/Cas9 system to improve economic
traits in aquaculture species. Aquaculture,
579: 740279. DOI:
10.1016/j.aquaculture.2023.740279

Nafisi-Bahabadi, M., Akhavan-Bahabadi,
M., 2015. Tilapia culture (Translation).
Persian Gulf University Press, Iran. 654 P.
(In Persian)

Nakayama, T., Fish, M.B., Fisher, M.,
Oomen-Hajagos, J., Thomsen, G.H. and
Grainger, R.M., 2013. Simple and
efficient CRISPR/Cas9-mediated targeted
mutagenesis in Xenopus tropicalis. Genesis,
51:835-843. DOI:10.1002/dvg.22720

Nie, C., Wan, S., Chen, Y., Zhu, D., Wang,
X., Dong, X. and Gao, Z. X., 2021. Loss
of scleraxis leads to distinct reduction of
mineralized  intermuscular  bone in
zebrafish. Aquaculture and Fisheries,
6(2):169-177.
DOI:10.1016/j.aaf.2020.04.006

Nie, C.H., Hilsdorf, AW.S., Wan, S.M. and
Gao, Z.X., 2020. Understanding the
development of intermuscular bones in
teleost: status and future directions for
aquaculture. Reviews in  Aquaculture,
12:759-772. DOI: 10.1111/raq.12348

Ohama, M., Washio, Y., Kishimoto, K.,
Kinoshita, M. and Kato, K., 2020. Growth
performance of myostatin knockout red sea
bream Pagrus major juveniles produced by
genome editing with CRISPR/Cas9.

\Al


https://isfj.ir/article-1-2814-fa.html

[ Downloaded from isfj.ir on 2025-06-07 ]

Aquaculture, 12(1):224-253.
DOI:10.1016/j.cirep.2024.200150

Wang, C., Xu, J., Kocher, T.D., Li, M. and

Wang, D., 2022b. CRISPR knockouts of
pmela and pmelb engineered a Golden
Tilapia by regulating relative pigment cell
abundance. Journal of Heredity, 113:398—
413. DOI:10.1093/jhered/esac018

Wang, J. and Cheng, Y., 2024. Enhancing

aquaculture disease resistance:
Antimicrobial peptides and gene editing.
Reviews in Aquaculture, 16(1):433-451.
DOI:10.1016/j.aquaculture.2023.739860

Wang, J., Su, B., Al-Armanazi, J., Wise,

A.L., Shang, M., Bern, L. and Dunham,
R.A., 2023. Integration of alligator
cathelicidin gene via two CRISPR/Cas9-
assisted  systems enhances bacterial
resistance in  Dblue catfish, Ictalurus
furcatus. Aquaculture, 576:739860.
DOI:10.1016/j.aquaculture.2023.739860

Wang, J., Su, B., Xing, D., Bruce, T.J., Li,

S., Bern, L. and Dunham, R.A., 2024.
Generation of eco-friendly and disease-
resistant ~ channel  catfish  (Ictalurus
punctatus)  harboring  the alligator
cathelicidin  gene via CRISPR/Cas9
engineering. Engineering. [Online first].
DOI:10.1016/j.eng.2023.12.005

Wu, Y., Wu, T., Yang, L., Su, Y., Zhao, C.,

Li, L. and Zhou, L., 2023. Generation of
fast growth Nile tilapia (Oreochromis
niloticus) by myostatin gene mutation.
Aquaculture, 562:738762.
DOI:10.1016/j.aquaculture.2022.738762

environmentally friensdly appraoch to sex
control in tilapia. First International
Conference of Innovative Aquaculture. 16-
17, April 2024. Gorgan, Iran.

Shekarabi, S.P.H. and Mehrgan, M.S., 2021.
Cultivation of Tetraselmis suecica using a
fishmeal factory effluent: effect on the
growth, biochemical composition, and
nutrient removal. Journal of Applied
Phycology, 33(4):1949-1959.
DOI:10.1007/s10811-021-02478-0

Sun, Y, Yan, C,, Liu, M, Liu, Y., Wang, W.
and Cheng, W., 2020. CRISPR/ Cas9-
mediated deletion of one carotenoid
isomerooxygenase gene (EcNinaB-X1)
from Exopalaemon carinicauda. Fish
Shellfish Immunology, 97:421-431.
DOI:10.1016/j.fsi.2019.12.037

Tanwar, A. and Kumar, S., 2020. Genome
editing of algal species by CRISPR Cas9
for biofuels. In: Genome engineering via
CRISPR-Cas9 system. Academic Press, pp.
163-176.

Tao, Y., Zhou, X, Sun, L., Lin, D., Cai, H.,
Chen, X., Zhou, W., Yang, B., Hu, Z,,
Yu, J. and Zhang, J., 2023. Highly
efficient and robust m-FISH rainbow for
multiplexed in situ detection of diverse
biomolecules. Nature Communications,
14(1):443. DOI:10.1038/s41467-023-
36137-4

Valero, Y., Saraiva-Fraga, M., Costas, B.
and Guardiola, F.A., 2020. Antimicrobial
peptides from fish: beyond the fight against
pathogens. Reviews in


https://isfj.ir/article-1-2814-fa.html

[ Downloaded from isfj.ir on 2025-06-07 ]

6)3&(5)“.“ od CRISPR-Cas LSJJL.‘A

2024. Development and validation of a
CRISPR/Cas12a-based platform for rapid
and sensitive detection of the large yellow
croaker iridovirus. Aguaculture,
584:740658.
DOI:10.1016/j.aquaculture.2024.740658

Zhang, X., Li, M., Ma, H., Liu, X,, Shi, H.,

Li, M. and Wang, D., 2017. Mutation of
foxl2 or cypl9ala results in female to male
sex reversal in XX Nile tilapia.
Endocrinology, 158(8):2634-2647.
DOI:10.1210/en.2017-00127

Zhong, Z., Niu, P., Wang, M., Huang, G.,

Xu, S, Sun, Y., Xu, X., Hou, Y., Sun, X.,
Yan, Y. and Wang, H., 2016. Targeted
disruption of sp7 and myostatin with
CRISPR-Cas9 results in severe bone
defects and more muscular cells in common
carp. Scientific  Reports, 6(1):22953.
DOI:10.1038/srep22953

Xu, X., Chen, H., Mandal, B. K., Si, Z,,
Wang, J. and Wang, C., 2022. Duplicated
Tyr disruption using CRISPR/Cas9 reveals
melanophore formation in Oujiang color
common carp (Cyprinus carpio var. color).
Reproduction and Breeding, 2(2):37-45.
DOI:10.1016/j.repbre.2022.05.001

Yang, K., Jiang, W., Wang, X., Zhang, Y.,
Pan, X. and Yang, J., 2019. Evolution of
the intermuscular bones in the Cyprinidae
(Pisces) from a phylogenetic perspective.
Ecology and Evolution, 9(15):8555-8566.
DOI:10.1002/ece3.5374

Zhai, G, Shu, T., Chen, K., Lou, Q., Jia, J.,
Huang, J. and Yin, Z., 2022. Successful
production of an all-female common carp
(Cyprinus carpio L.) population using
cypl7al-deficient neomale carp.
Engineering, 8:181-1809.
DOI:10.1016/j.eng.2021.03.026

Zhang, C., Tao, Z., Ye, H., Wang, P., Jiang,
M., Benard, K., Li, W. and Yan, X,

\t4


https://isfj.ir/article-1-2814-fa.html

[ Downloaded from isfj.ir on 2025-06-07 ]

Iranian Scientific Fisheries Journal Vol. 33, No. 3

CRISPR-Cas technology in aquaculture: A review
Hafezieh M.1": Hosseini shekarabi S.P.2; Akhavan Bahabadi M.?2
“jhafezien@yahoo.com

1- Iranian Fisheries Science Research Institute (IFSRI), Agricultural Research, Education and
Extension Organization (AREEQ), Tehran, Iran

2- National Research Center of Saline-waters Aquatics, Iranian Fisheries Science Research
Institute (IFSRI), Agricultural Research, Education and Extension Organization (AREEO),
Bafgh Yazd, Iran

Abstract

The progress of the aquaculture industry is facing many challenges, including the spread of
infectious diseases and antibiotic-resistant pathogens, reduced survival, reduced fertility, slow
growth, escape of farmed fish to natural ecosystems, and environmental pollution. Today, the
use of CRISPR-Cas technigue is considered as a potential solution to solve these challenges
through genome editing. In the CRISPR system, the nuclease 9 or Cas9 enzyme is a powerful
and efficient tool for molecular editing of DNA to reveal desired traits in the host. In this
context, several studies have been conducted on different aquatic species to investigate
desirable traits related to aquaculture, including suppressing the myostatin gene (increasing
somatic growth of the body), biosynthesis of fatty acids, stimulation of body pigmentation,
and production of fish with less intermuscular bones. In terms of reproduction traits, this
technology has been used for the genetic engineering of sex cells and sex reversal. In the field
of aquatic health, this genome-based breeding system has successfully produced fish resistant
to infectious diseases, especially viral diseases, on a laboratory scale. Also, editing genes
related to antimicrobial peptides by CRISPR-Cas9 can improve the innate immune system
and increases the resistance of fish against infectious diseases. In general, using the CRISPR-
Cas system is an effective approach to manipulate target genes and improve economic traits in
different aquatic species in line with genetic modification programs. This review study
provides a comprehensive view of CRISPR-Cas technology and its potential in genome
editing to target genes associated with economically valuable traits in fish to overcome some
limitations and challenges of promoting sustainable aquaculture.
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