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trén ca ngwa van (Danio rerio) tai Viet Nam

Nguyén Thanh Vii*, Trin Ngoc Uyén, Biii Thi Thu Vén, Lé Luu Phwong Hanh, Nguyén Hoang Thuy Vy
Phong Cong nghé Sinh hoc Thity san, Trung tam Cong nghé Sinh hoc TP Ho Chi Minh, phuong Trung My Tay, TP H6 Chi Minh, Viét Nam
Ngay nhan bai 26/8/2024; ngay chuyén phan bién 30/8/2024; ngay nhan phén bién 22/9/2024; ngay chép nhan dang 25/9/2024

Tém tit:

Pay la nghién ctru dau tién tai Viét Nam thuc hién quy trinh knockout gen keapla & ca ngwa van (Danio rerio) bang
k¥ thuit CRISPR-Cas9 nhiam nghién ciru hé thong Keap1-Nrf2. Hé thong nay déng vai tro quan trong trong bio vé
té bao khéi stress oxy héa. Ca ngwa vin c6 hai paralog keapl (keapla va keap1b),1a md hinh Iy twéng cho nghién ciru
nay. Quy trinh thye hién bang cich thlét ké RNA din dwong (gRNA) dac hiéu nhim vao keapla vavi tiém phirc hop
gRNA/Cas9 vao phoi ca giai doan mot té bao. Két qua cho thay, ca knockout keapla phat trién binh thwong nhung
¢6 kha nang chong chiu stress oxy hoa tot hon khi tlep xuc H,0,, thé hién qua ty 1€ song cao hon va ting biéu hién
cua cac gen dich caa Nrf2 (gstp! va prdxl). Nghién ciru nay khong chi cung cap mét quy trinh knockout gen hiéu qua
¢ ¢4 ngwa vin ma con mé ra nhirng | trién vong méi trong viéc sir ' dung ky thuit CRISPR-Cas9 dé nghién ciru chire
nang gen va wng dung trong nudi trong thiy san tai Viét Nam, dong thoi mé dwong cho cac nghién ciru sdu hon vé
vai tro ciia hé thong Keap1-Nrf2 trong viéc duy tri cin bing oxy héa Khir va thich nghi véi stress méi truong ¢ ca.

Tir khoa: ca ngua Vi"lll, CRISPR-Cas9, keapla, knockout gen, stress oxy héa.
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Abstract:

This is the first study in Vietnam to generate Kelch-like ECH-associated protein 1a (keap1a) knockout zebrafish (Danio
rerio) using clustered regularly interspaced short palindromic repeats-CRISPR associated protein 9 (CRISPR-Cas9)
technology, aiming to investigate the Keap1-Nuclear factor erythroid 2-related factor 2 (Keap1-Nrf2) system. This
system plays a key role in protecting cells against oxidative stress zebrafish, possessing two keapl paralogs (keapla
and keap1b), serve as an ideal model for this investigation. The experimental procedure involved designing a specific
guide RNA (gRNA) targeting the keapla gene and microinjecting the gRNA/Cas9 complex into single-cell stage
zebrafish embryos. The keapla knockout fish exhibited normal development but demonstrated enhanced resistance
to oxidative stress upon hydrogen peroxide (H,0,) exposure, as indicated by higher survival rates and elevated
expression of Nrf2 target genes (Glutathione S-transferase pi 1, gszpl and Peroxiredoxin 1, prdxI). This study not
only establishes an efficient gene knockout protocol in zebrafish but also opens new avenues for CRISPR-Cas9
applications in gene function research and aquaculture in Vietnam, while facilitating further investigations into the
Keap1-Nrf2 system’s role in maintaining redox homeostasis and adapting to environmental stress in fish.
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1. Ddt van de

Ca ngya van (Danio rerio) v6i nhimg wu diém ndi bat nhu
kich thudc nho, thoi gian thé hé ngan va phoi trong subt dé
quan sat, da khéng dinh vi thé 1a mot sinh vat md hinh quan
trong trong nghién ctru sinh hoc va y hoc [1, 2]. Loai ca nay da
duoc ting dung rong rai trong nhiéu linh vue, tir sinh hoc phat
trién, di truyén hoc dén doc chat hoc, cho phép cac nha khoa
hoc kham phé nhitng co ché phirc tap cua sy song va bénh tat.

Pic biét, ca ngua van sé hitu hai loai Keapl (Kelch-like
ECH-associated protein 1) 1a Keapla va Keaplb [3-5], mang
dén co hoi doc dao dé nghién ctru sdu hon vé vai tro ciia hé
thong Keapl-Nrf2, mot hé thong quan trong trong viéc duy
tri can bang ndi mdi oxy hoa ciia té bao. Keapl hoat dong nhur
mot cam bién stress oxy hoa, twong tac véi yéu to phién ma
Nrf2 (Nuclear factor erythroid 2-related factor 2). Trong diéu
kién binh thuong, Keapl tc ché Nrf2, ngan chan sy biéu hién
cta céc gen chdng oxy hoa. Tuy nhién, khi t& bao gip stress
oxy hoa, Keapl giai phong Nrf2, cho phép Nrf2 di chuyén vao
nhan va kich hoat biéu hién cua cac gen bao vé té bao [6]. Su
can bang giita Keapl va Nrf2 déng vai tro then chét trong viéc
bao vé co thé chdng lai cac tic nhan gay hai tir méi truong va
qua trinh 130 hoa [7, 8].

Su ra doi cua cong nghé CRISPR-Cas9 da tao nén mot
cudc cach mang trong linh vuc chinh sira gen, cung cap mot
cong cu manh mé dé tao ra cac dot bién chinh xac va hiéu
qua trén nhiéu sinh vét, bao gdbm ca ca ngya van [3, 9]. Hé
thong CRISPR-Cas9 hoat dong dua trén sy két hop giita RNA
hudng dan (gRNA) va enzyme Cas9. gRNA din duong cho
Cas9 dén vi tri dich trén DNA, noi Cas9 tao ra dut giy soi
d6i. Té bao sau d6 s& sira chira dit gdy nay, thuong thong qua
co ché ndi cac dau khong tuong dong (NHEJ) hodc tai to hop
tuong déng (HDR), din dén viée tao ra cac dot bién khac nhau
nhu: dot bién mét doan (mot s6 nucleotide bi mét di); dot bién
thém doan (mdt s6 nucleotide duogc thém vao); dot bién thay
thé (mot nucleotide dugc thay thé bﬁng mot nucleotide khac);
sép xép lai trinh ty (cac nucleotide bi sép xép lai vi tri) [10].
Tinh don gidn, hi¢u qua va kha nang Gng dung rong rai cua
CRISPR-Cas9 da nhanh chong dua cong nghé nay vuot 1én
trén cac phuong phdp chinh sua gen trudc ddy nhu TALENSs
(Transcription activator-like effector nucleases) va ZFNs (Zinc
finger nucleases) [11].

Trong linh vuc nudi trong thuy san, CRISPR-Cas9 hira hen
mang lai nhimg cai tién dang ké vé ning sudt, chét luong va
kha ning chéng chiu bénh ciia ¢4 nudi [12-14]. Nghién ciru nay
tap trung vao viéc xay dung quy trinh knockout gen keapla
trén cad ngua van béng ky thuat CRISPR-Cas9. Viéc loai bo
gen keapla dugc ky vong s€ kich hoat Nrf2 mdt cach lién tyc,
tir 6 tang cuong kha ning chong chiu stress oxy hoa cia ca.
Pay 1a mot bude tién quan trong trong viée tmg dung cong

KHOA
&CONGHN%CI:-IE

67(11) 11.2025

s Khoa hoc Tu nhién | Khoa hoc su séng; Khoa hoc Néng nghiép | Cong nghé sinh hoc trong ndng nghiép, thdy san

nghé CRISPR-Cas9 vao nghién ctru co ban va ung dung tai
Viét Nam, dac bi¢t la trong linh vuc nu6i trong thiy san, gop
phén tao ra nhing gidng ca méi ¢6 kha nang thich nghi tot hon
vo6i dieu kién moi truong va tang cuong stc khoe.
2. Vat liéu va phuong phap nghién ciu

2.1. Vit li¢u

2.1.1. Poi tiwong nghién ciru

Dong ¢4 ngya van hoang dai (WT), c6 ngudn gdc tai phong
thi nghiém cua gido su Makoto Kobayashi (Pai hoc Tsukuba,
Nhat Ban), duoc chim soc va nudi 16n tai Trung tam Cong
nghé Sinh hoc TP Ho Chi Minh, Viét Nam. Dong ca ngya van
WT duogc sir dung dé loai bo gen keapla bang phuong phéap
CRISPR-Cas9.

Ca ngua van truong thanh dugc nudi trong cac bé nhya thé
tich 4-5 lit, tai Phong Cong nghé Sinh hoc Thuy san, Trung
tam Cong nghé Sinh hoc TP H6 Chi Minh, Viét Nam (hinh 1).
Nhiét do phong nuéi ca 26-28°C, mdi ngay cho an 2 lan vao luc
9 gi0 sang bang thirc an bot danh cho ca va 15 gio chidu bing
4u tring Artermia. Hé thong nude nudi ca dugce loc khir clo va
duoc vé sinh, thay bong loc mdi tuan 1 lan.

Hinh 1. Hé théng nuéi ca ngwa vén tai Trung tam Céng nghé Sinh
hoc TP H6 Chi Minh dwerc thiét 1ap nam 2022.

2.1.2. Thiét bi va héa chat

Nghién ctru nay duogc thuc hién voi su hd tro cla cac thiét
bi chuyén dung, bao gdm: may PCR (Bio-Rad, M), h¢ thong
Real-time PCR LightCycler 480 II (Roche, Thuy Si), may
giai trinh ty gen 3500XL (Applied Biosystems, My), bé
nhiét, tu lanh, tG mat, hé théng dién di (Bio-Rad, My), may ly
tam lanh Centrifuge 5424R (Eppendorf, Duc), may do quang
phd NanoDrop 2000 (Thermo Fisher Scientific, M¥) va can
phan tich.

Déi v6i quy trinh nudi ¢, thie an chinh 1a bot thuong
mai (Inve, Thai Lan) va 4u tring Artemia (Petrel Brand, My).
Dung dich methylene blue 0,04% duoc sir dung dé kiém soat
nim trong qua trinh nudi.
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Trong cac phan tich di truyén, cdc hoa chét can thiét cho PCR
bao g?)m: mdi (primers), DreamTaq Green PCR Master Mix,
acrylamide gel 30%, 10X TBE, TEMED va APS 10%. Qua trinh
gidi trinh ty gen st dung ExoSAP-IT, BigDye Terminator v3.1
Cycle Sequencing Kit, dém phan ung, EDTA, ethanol (100% va
75%) va HiDi-Formamide.

Stress oxy hoa dugc tao ra bang cach sir dung hydrogen
peroxide 35% (Scharlau, Tay Ban Nha). Qua trinh tach chiét
RNA str dung TRIzol™ Reagent Kit (Invitrogen) va chloroform,
isopropanol, ethanol 99,8% va nuéc DEPC. Tong hop cDNA
dugc thyc hién voi bg kit SensiFAST™ cDNA Synthesis Kit
(Bioline), bao gdm 5x TransAmp Buffer, Reverse Transcriptase
va nudc khong chira DNase/RNase.

Cudi cing, Maxima SYBR Green qPCR Master Mix
(Thermo Scientific, M) dugc st dung cho phan ting Real-time
PCR.

2.2. Phwong phdp nghién ciru

2.2.1.Thiét ké chu6i RNA hieéng dan - guide RNA (gRNA) va
moi cho gen keapla

Dé thiét ké chudi RNA huéng dan don (sgRNA) dic hiéu cho
gen keapla, nghién ciru st dung cong cu truc tuyén ChopChop
(http://chopchop.cbu.uib.no). Cu thé, tén gen keapla duoc nhap
vao muc “Target”, loai “Danio rerio (danRer11/GRCz11)” dugc
chon ¢ muyc “In”. Céac thong s6 “CRISPR/Cas9” va “knockout”
1an luot dwoc Iya chon cho muc “Using” va “For”. Sau do, qua
trinh tim kiém céc vi tri muc tiéu gRNA trén gen keapla duoc
khoi dong b%mg cach nhén nat “Find Target Sites” (hinh 2).

Home  Insfructions — Scoring  About  Updates  Submissions  Contact  FAQ
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Hinh 2. Trang web (http://chopchop.cbu.uib.no) hd tro thiét ké vi tri cac
chuoi RNA hwéng dan (QRNA) cutia gen keap7a & ca ngwa van.

Hiéu qua cua viéc knockout gen keapla sau vi tiém dugc danh
gi4 thong qua phuong phap phén tich kiéu gen (sir dung k¥ thuat
PCR va giai trinh ty Sanger) dé x4c nhan sy thay doi trinh tu DNA
tai vi tri gen keapla & c4 thé bién doi gen. Phén tich kiéu gen cua
ca thé FO va F1 cho phép xac dinh ty 16 c4 mang dot bién va mirc
d6 thanh cong clia qua trinh knockout gen keap!a.
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2.2.2.Logi b6 gen bang cong nghé CRISPR-Cas9 théng qua
phwong phdp vi tiém

Pé tién hanh knockout gen keapla, dong ca ngua van WT
dugce st dung dé cho sinh san tao phdi tring, sin sang dé thyc hién
knockout gen keapla. Ca ngya van bd me duoc nudi trong diéu
kién on dinh, hang ngay duoc cho an voi 4u tring Artermia va thirc
an cong nghiép. Khi ca dat do tudi truong thanh, ¢6 thé tién hanh
cho ca bit dau sinh san. Ca dyc va céi duoc nudi riéng trong cling
hé théng (hinh 1).

Ca duc dugc chon theo tiéu chudn minh thudn, boi nhanh va ca
cai c6 bung cong, an khoe - giita chiing c6 kich thudc trong dong.
Trudce ngay cho dé 1 ngay, tién hanh ghép ca duc va cai theo ty 18
3 c4i:2 duc trong bé cho dé duoc thiét ké c6 16p ludi inox ngan bén
dudi dé trimg roi xung, ma tranh c4 bd me an trimg (hinh 3A).

A) © (D) (E)

ca ngua van

(B)

San loc trirng
thu tinh giai
doan 01 té bao

Vi tiém phirc Phéi dugc chinh stra gen
hop RNP

H]nh 3 Cho sinh san ca ngwa van phuc vu vi tiém knockout gen. (A) Ca ngua

van bd me duoc nudi trong bé dé sinh san; (B) Trig da thy tinh duoc thu thap va

sang loc dé chon nhirng tring & giai doan mot t€ bao; (C) Phtrc hop sgRNA/Cas9

duoc vi tiém vao triing d4 thu tinh; (D) Phoi bién déi gen dwoc phat trién tir triing

da vi tiém; (E) Hinh anh phong I&n vj tri vi tiém vao phdi cta hinh.

Pé tao phuc hop ribonucleoprotein (RNP) cho vi tiém
CRISPR-Cas9, 10 nmol sgRNA keapla 100 base di duoc chuan
héa bang cach thém 100 pl dung dich dém duplex khong chira
nuclease (IDT) dé dat ndng d6 cudi cing 1a 100 pM. Dong thoi,
Alt-R S.p HiFi Cas9 Nuclease V3 (100 pg) dugc pha loang trong
dung dich dém protein Cas9 (20 mM HEPES; 150 mM KCI, pH
7,5) dé dat ndng d6 lam viéc 0,5 pg/ul. Sau do, 3 pl sgRNA keapla
da duoc tron voi 3 pl Cas9 da pha loang va u ¢ 37°C trong 10 phut
dé tao phtc hop RNP [3]. Cudi cing, mau duoc 1am ngudi dén
nhiét o phong trude khi tién hanh vi tiém.

Quy trinh vi tiém dugc tién hanh theo mo ta ctia V.T. Nguyen va
cs (2022a) [15] va V.N.H. Thuy va cs (2021) [16], cu thé, phdi ca
ngua van giai doan mot té bao (hinh 3B) dugc tiém vio nodn hoang
v6i thé tich bang 1/10 thé tich cta phdi (hinh 3C va 3D). Sau khi vi
tiém, trung khong thy tinh hodc chét duge dém va loai bo.

2.2.3. Xac dinh hiéu qua knockout gen keapla va sang loc
dong ca on dinh

Dé danh gia hiéu qua knockout gen keapla & thé hé F0, 15 c4
bot (4-5 ngay sau khi thy tinh - dpf) duoc chon ngéu nhién dé phan
tich PCR. Cap mdi Keapla.hma.f1/r1 duoc thiét ké dua trén cac vi
tri sgRNA keapla @& xuét boi ChopChop (bang 1) dé khuéch dai
vung dich trén gen keapla. San pham PCR duoc phén tich trén gel
acrylamide 4,5% aé phat hién sy hién dién cua cac doan DNA di
hop tir (heteroduplex), cho biét sy thanh cong ctia qua trinh chinh
stra gen.



Bang 1. Trinh tw cac cap mdi (Oligonucleotide).

Gen  Muc dich Tén mdi Trinh ty mi :;l;;l thute Nguf)n
. Keapla-seq-fl  5'- TTTCAACAATGCCAACCTGG
G tinh ty 08 Thiétké
Keapla-seqrl 5"~ GCCTCTCCATTGAATCTGTGTT )
keapla trong nghién
X dinh hiéu qua Keapla-hma-fl 5"~ TIGTGCCTGTATTTCTTCATGG / o niy
knockoutgen  Keaplahma-rl  5'- AACCGTGTAATCCAAGTAACCG
p eflo-gper-fl — 5- CGTGGTAATGTGGCTGGAGA 66
efla
eflo-gper-rl 5~ CTGAGCGTTGAAGTTGGCAG
1 Chay Realtime- ~ goplgperfl  5'- CAACGCCATGCTGAGACATC " 9]
s 2
P ek gsipl-gperrl 5 GAAGATCTTCAACGCCGTCG
prdxl-gperf1  5- GICCCACTGAGATCATCGCC
privl 135 m
prdel-gper-rl - §™-AACCACCTTGTTTTCGGGGT

C4 FO mang dot bién duoc nudi dén giai doan truong thanh
(khoang 3 thang) va sau d6 lai voi ca hoang dai dé tao ra thé hé
F1. Au tring F1 (hodc F2) ¢ giai doan 4-5 dpf ciing dugc phan
tich PCR tuong tu nhu FO dé x4c dinh cac ca thé mang dot bién
6n dinh. Néu xuét hién band heteroduplex, cic mau nay duoc giai
trinh ty Sanger st dung mdi Keapla-seq-f1/r1 duoc thiét ké boi
phan mém SnapGene 7.1.0 (bang 1) dé xac dinh chinh xé4c loai dot
bién (thém hodc mét nucleotide) trén gen keapla.

Khi cac té bao chita ca DNA gbc va DNA da chinh stra duoc
nhan 1én, cac s¢i don cla hai loai DNA nay c6 thé két hop véi
nhau tao thanh phan tr DNA lai ghép (heteroduplex). Khi chay
dién di, cac phan to DNA lai ghép nay tao ra cac bang sang déc
trung, khic v6i bing sing cia DNA gdc va DNA di chinh sira
hoan toan. Bén canh do, bang heteroduplex chay cham hon so véi
bang homoduplex cing kich thu6c do sy ton tai ciia céc loop [18].
Y nghia cta vach heteroduplex: Xac dinh hiéu qua chinh sira gen
(su xuat hién cua vach heteroduplex cho théy hé théng CRISPR/
Cas9 di hoat dong va tao ra nhimg thay doi trén genome); Danh
gi4 ty 18 chinh stra (bang cach so sanh cudng do ciia cc bing
sang, chiing ta co thé udc tinh ty 1¢ té bao da b chinh stra) va phan
tich loai dot bién (phan tich thém vé kich thudc va vi tri ctia vach
heteroduplex c6 thé gitp xac dinh loai dot bién d xay ra).

2.2.4. Quy trinh gidi trinh tw Sanger

Tinh sach mau va chun bi cho giai trinh ty: San phém PCR
thu dugc sau khi khuéch dai ving dich trén gen keapla bing cip
moi Keapla.seq.f1/rl da dugc tinh sach dé loai bo cac thanh phan
khong mong mubn trude khi giai trinh tyr. 5 pl san pham PCR dugc
tron v6i 2 pl hdn hop ExoSAP-IT va u lan lugt & 37°C trong 15
phut va 80°C trong 15 phut. Mau sau dé duoc bao quan ¢ 4°C hoic
-20°C cho dén khi giai trinh ty.

Tiép theo, san phém PCR d3 tinh sach dwogc chudn bi cho
giai trinh ty bing phan tng chudi v6i thude nhudm huynh quang
(BigDye Terminator v3.1 Cycle Sequencing Kit). Hon hgp phan
{mg bao gdm 0,5 pl BigDye terminator, 1,5 ul buffer BigDye, 1
ul moi giai trinh ty (1,6 pM Keapla.seq.fl), 4 ul nuée va 3 pl san
phim PCR d tinh sach [3].
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Quy trinh giai trinh ty Sanger: Phan tmg chudi dwgc thyc hién
trong mot chu trinh nhiét trén may PCR véi cac bude: bién tinh
ban dau 6 96°C trong 3 phit, sau d6 25 chu ky gdm bién tinh &
96°C trong 10 gidy, gan mdi & 50°C trong 5 gidy va kéo dai &
60°C trong 4 phut. Cudi ciing 1a budc kéo dai cudi ¢ 60°C trong 7
phut va bao quan ¢ 4°C. San phdm sau phan g chudi duoc tinh
sach bang phuong phap két tia ethanol/EDTA dé loai bo cac thube
nhudm huynh quang du thira. Cudi ciing, mau dugc hoa tan trong
15 pl formamide va phan tich trén may giai trinh ty gen 3500 XL
(Applied Biosystems) tai Trung tim Cong nghé Sinh hoc TP HO
Chi Minh, Viét Nam.

2.2.5. Xdc dinh kiéu gen

Dé xac dinh kiéu gen cta c4 F1 Keapl knockout, DNA tong
s duogc chiét xudt tir viy dudi ca truong thanh. Vay dudi dugc cat
va u trong dung dich TNEST (10 mM Tris-HCI pH 8,2; 10 mM
EDTA pH 8,0; 200 mM NaCl, 0,1% sodium dodecyl sulfate va
400 pg/ml proteinase K) ¢ 55°C trong it nhat 4 gioy dé phan giai mo
va gidi phong DNA. DNA sau d6 dugc pha lodng va st dung lam
khuén cho phan tmg PCR voi cép mdi ddc hiéu cho gen keapla
(bang 1). San pham PCR duogc phén tich trén gel polyacrylamide
4,5% dé xac dinh kiéu gen cua cé.

Cdt vy dudi cd va tach chiét DNA: Cé F1 Keapl knockout
duoc giy mé nhe bang benzocaine. Mot phan nho vy duéi dugc
cit bang nhip va chuyén ngay vao dng eppendorf chira sin 40 pl
dung dich TNEST. Méu duoc t & 55°C trong it nhat 4 gio dé phan
giai mo va giai phong DNA. Sau d6, DNA duoc pha lodng 1/10 dé
str dung cho PCR.

Phan img PCR va phén tich két qua: Phan tmg PCR duoc
thue hién voi hdn hop gém 1,6 pl nude; 0,1 pl mdi xudi (10 uM
Keapla.hma.f1); 0,1 pl moi nguoc (10 uM Keapla.hma.rl); 2,2 pul
DreamTaq Green PCR Master Mix va 1 ul DNA mau di pha lodng.
Chu trinh nhiét gdm céc budc: bién tinh ban dau & 95°C trong 2
phiit, 35 chu ky gdm bién tinh & 95°C trong 10 gidy, gin mdi &
60°C trong 30 gidy va kéo dai ¢ 72°C trong 30 gidy, sau d6 kéo dai
cubi cing 6 72°C trong 5 phut va bao quan ¢ 4°C.

San pham PCR duoc phén tich trén gel polyacrylamide 4,5%
dwoc db tir hdn hop gém 5,625 ml nudc, 0,875 ml 30% acrylamide,
0,4 ml 10X TBE, 5 ul TEMED va 150 ul 10% APS. Gel dugc
nhudm ethidium bromide va quan sat dudi anh sang UV. Sy hién
dién cua cc doan DNA di hop tir (heteroduplex) cho biét sy thanh
cong cua qua trinh chinh stra gen keapla.

2.2.6. Panh gid ty I¢ song

Dé danh gia vai tro cta keapla trong dap tmg stress oxy hoa,
chung t6i da thuc hién thir nghiém ty 1& sdng trén c4 ngua van
hoang dai (WT) va ca knockout keapla la anh chi em rudt, cung
mot ltra, chi khéc nhau vé kiéu gen keapla. Cé hai nhom ca WT va
ca knockout keapla giai doan 4 dpf sau d6 duoc phoi nhiém véi 3
mM H,0, 19, 20]. Ty I¢ séng ctia cac nhom dugc theo doi va so
sanh trong vong 48 gio. Viéc st dung ca anh chi em rudt cho phép
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chung t6i loai bo cac yéu tb gay nhidu két qua co thé phat sinh tir
sy khac biét vé di truyén hodc moéi truong gitta cac nhom ca. Dy
kién ca knockout keapIa thé hién kha ning sdng sot cao hon khi
tiép xtc v6i H,0, do sy hoat héa cia Nrf2.

2.2.7. Banh gia mic do biéu hién gen muc tiéu cua Nrf2
(gstpl va prdx1) bang phirong phdap Real-time PCR

RNA tong s6 dugc tach chiét tir 15 phoi thir nghiém sir dung
TRIzol™ Reagent Kit (Invitrogen). Sau do, 300 ng RNA dugc
sit dung dé tong hop cDNA v6i bo kit SensiFAST™ cDNA
Synthesis Kit (Bioline). Mirc d6 biéu hién cua cac gen myc tidu
Glutathione S-transferase Pi 1 (gstp1) va peroxiredoxin 1 (prdx1)
dugc phan tich bang phuong phép Real-time PCR trén hé thong
LightCycler® 96 System (Roche Life Science) st dyng Maxima
SYBR Green/ROX gPCR Master Mix (2X) (ThermoFisher).
Gen ndi efla dugc su dung dé chuén hoa biéu hién gen. Trinh
tw cac cap mdi dugc sir dung cho phan tng Real-time PCR bao
gom: efla, gstpl va prdx] (bang 1).

Gen gstp1 va prdxI dugc lya chon lam gen muc tiéu do chiing
14 cac gen d4p img tryc tiép v6i hoat dong cua Nrf2, khong chiu
anh huong boi cac yéu to didu hoa khac [19-23]. Gen ndi efla
duogc st dung dé chuin hoa biéu hién gen do c6 muc biéu hién
on dinh trong nhiéu loai té bao va mo, khong bi anh hudng boi
cac yéu t6 ngoai canh [19, 20].

Mirc d¢ biéu hién gen gstp! va prdx & 4u tring ¢4 ngua vin
knockout keapla khi duoc xir 1y hoa chat gay stress oxy hoa,
hoa chét gy stress mang lu6i ndi chat, va khong xir Iy hoa chat
duogc so sanh vai du tring ¢4 ngya van hoang dai. Phuong phap
dinh lugng twong ddi 224 dugc sir dung dé phan tich dit ligu.

2.2.8. Phan tich thong ké

Tét ca dir liéu dugc phan tich dudi dang trung binh +SE.
Phuong phap thong ké v6i Student’s t-test duoc sir dung dé tinh
P-value. Thir nghiém ty 18 séng dwoc phén tich theo phuong
phap duong cong Kaplan-Meier, st dung phan mém GraphPad
Prism 9.4.0 (GraphPad software Inc, LLC, San Diego CA,
My). Dit liéu ty 1¢ séng duoc so sanh bang cach dung phwong
phap kiém tra log-rank test. P-value<0,05 dugc xem xét 1a co ¥
nghia thong ké. Phan tich dit liéu mirc d6 biéu hién gen sir dung
phuong phép dinh lugng trong ddi 22!, So sanh biéu hién mirc
do gen dugc thuc hién béng cach st dung two-tailed Student’s
t-test va Tukey’s test. M&i thi nghiém dwoc lap lai 3 lan.

3. Két qua

3.1. Thiét ké moi va gRNA cho gen keapla

Vi tri gRNA muc tiéu cia keapla & ca ngua van la
5’-TGAGGATTTCTCCGCCATCGTGG-3" (trinh ty PAM
duoc gach chan) (hinh 4A). Cép mdi keaplahma.fl; keapla.
hma.rl dugc thiét ké theo dé xudt cua trang web: http:/
chopchop.cbu.uib.no, v6i nhiét @6 néng chay moéi (Tm) 1a 60°C
(hinh 4B, bang 1).
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Hinh 4. Thiét ké gRNA keap1a va cdp mdi xac dinh hiéu qua knockout gen.
(A) Vi tri gRNA keap1a ca ngwa van duoc thiét ké tir http://chopchop.cbu.uib.
no. Rank: 9 v&i trinh tw muc tiéu dwgc lwa chon (trinh tw PAM dwoc gach chan);
(B) C&p mi thiét ké s&n co sau khi thiét k& gRNA keap1a.

Trinh ty gRNA muc tidu cia keapla & ca ngya van sau do
duoc giri dén cong ty Integrated DNA Technologies, Inc dé tong
hop RNA din duong don (sgRNA) keapla. Alt-R S.p HiFi Cas9
Nuclease V3 dugc mua tir Cong ty Integrated DNA Technologies,
Inc (hinh 5).

Hinh 5. Alt-R S.p HiFi Cas9 Nuclease V3 va sgRNA clia keap7a ca ngwa van
dwoc téng hop tir Cong ty Integrated DNA Technologies, Inc dé tong hop.

3.2. Tao dong ca ngua van knockout gen keapl

Vige vi tiém sgRNA keapla cing véi Cas9 protein vao phoi
1 t& bao c4 ngwa van da duoc thuc hién, trong d6 250 phdi trimg
duoc tiém va 52 con ca séng sot sau do. Hiéu qua vi tiém dugc
danh gia sau 4-7 ngay (hinh 6A) cho th?iy st thanh cong ¢ céc
giéng s6 1,2 va 5. Au tring c4 sau vi tiém dugc nuéi dén giai doan
truong thanh va lai voi ca hoang da (WT) dé tao ra dan c4 F1. Ca
mang kiéu gen tir giéng s6 2 (hinh 6A) duoc lai voi ca WT, tao ra
cac kiéu gen khac nhau ¢ dan c4 F1 (hinh 6B).
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Hinh 6. Hiéu qua knockout gen dwoc kiém tra qua céac thé hé. (A) Hiéu qua
vi tiém sau 4 ngay vi tiém; (B) Hiéu qua knockout gen va Iya chon dong ca duoc
knockout ctia ca & thé hé F1; (C) Lwa chon cac dong ca n dinh knockout gen
& thé hé F2. Cac dau miii tén mau dd la cac band heteroduplex. Dau mdi tén
mau xanh dwong la vach DNA géc (hoang dai); DAu mii tén xanh 14 cay va tim
la cac vach DNA da bi chinh sta Ian lwot thém hodc mat mot sb nucleotide [18].

Giai trinh tw céc dong c4 F1 nay cho thay céc dot bién khac nhau.
Giéng 1,2 va 4 ¢ 15 nucleotide bi chén hoc x6a, trong khi giéng 3
va 7 c6 céc nucleotide bj dot bién khac. Giéng 8 ¢6 2 nucleotide bi
x0a, giéng 5 6 ca chén 15 nucleotide va xoa 22 nucleotide, dan dén
két qua cudi cling 1a xoa 7 nucleotide (hinh 6B).
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Hinh 7. (A) Biéu d& mb ta vé gen keap7a cla ca ngwa van, gRNA muc
tiéu ndm & exon 2, day dot bién do Cas9/sgRNA gay ra va day axit amin
dw doan tir day gen keap1a dwoc knockout. WT: ca hoang da; keap7a’:
ca knockout gen déng hop tt; (B) Phan tich gii trinh tw gen ca knockout gen
keap1a; (C) Két qua gen keapa knockout con cé 51 amino acid (aa); (D) Két
qua dién di dong ca knockout gen keap1a c6 7 bp bj xéa (keap1a??’).
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Phan tich chi tiét hon vé dong ca c¢6 7 nucleotide bi x0a (dat tén
14 keapla™) cho thdy cau tric protein Keapla bi thay doi dang
ké. Thay vi 599 amino acid ban dau, protein Keapla & ca knockout
chi con 51 amino acid (hinh 7A). Trinh ty DNA cua keapla®™”
cling dugc xac dinh (hinh 7B). D6t bién mit 7 nucleotide & ca
knockout dan dén sy thay d6i khung doc mo (frameshift), lam xuat
hién codon stop som, két thiic qué trinh dich ma. Do d6, protein
Keapla & cé knockout bi cit ngan dang ké, chi con 51 amino acid
(hinh 7C).

Pé xac nhan knockout thanh cong, ca keapla®™”* di hop
tir dugc lai voi nhau, tao ra dan cd F2 mang céc kiéu gen WT,
keapla®”* di hop tit va keapla®4 ddng hop tir (hinh 6C). Pién
di (hinh 6C va 7D) cho thiy band WT c6 kich thudc 204 bp, trong
khi ca knockout keapla dong hop tir ¢o kich thude 197 bp, chimg
to knockout gen keapla da thanh cong.

3.3. Danh gid chirc nang sinh Iy ciia dong cd knockout gen
keapla

Sau khi xé4c dinh thanh cong viéc knockout gen keapla, dong
cé keapla™ dugc nudi dén 3 thang tudi. Kiéu hinh cta ca dong hop
tir knockout khong cho thdy sy khac biét dang ké so véi ca hoang
da (hinh 8A). Diéu nay trai nguoc véi quan sat & chudt knockout,
thuong chét sau 15 ngay tudi [21]. Ca ngya van knockout gen
keapla tiép tuc phat trién binh thudng va cac c tai tao tir dong
di hop tir keapla™”* tuan theo dinh ludt Mendel, khong co bat
thuong trong qua trinh phét trién va sinh san (hinh 8B).
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Hinh 8. Knockout keap7a khong anh hwéng dén sw sinh trwéng va phat
trién clia ca ngwa van. (A) Ca ngwa van duoc knockout keap7a®” séng sot
twong tw nhw ca hoang dai (WT) & thé hé F2. Hinh c4 & giai doan 3 thang tudi;
(B) Ca thé hé F2 sinh san va phat trién binh thwéng theo dinh luat Mendel sau
khi cho lai 2 dong di hop t& ctia méi dong ca keap1a®”* véi nhau.
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Hinh 9. Dong ca keap7a®” ting kha ning khang oxy héa va biéu hién gen
muc tiéu cta Nrf2. (A) Bidu dd danh gia ty I& sdng khi phoi nhiém véi dong ca
ngua van keap1a®’’; (B) Biéu hién gen muc tiéu ctia Nrf2 voi gen gstp? va (C)
prdx1; (D) M& ta dong c& keap1a®’” ting cudng hoat héa Nrf2 dé khang oxy héa.
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Pé danh gia kha ning sng sot cia ca knockout khi tiép xuc
voi stress oxy hoa, dan ca F2 dugce nuéi 16n va thir nghi¢m. Két
qua cho thy, ca dong hop tir knockout c6 ty 1& song cao hon c4 di
hop tir va ca hoang da khi tiép xuc voi H,0, (hinh 9A). Diéu nay
¢ thé lién quan dén viéc hoat hoa gen muc tleu cua Nrf2 (hinh 9B
va 9C), gitip ca chong lai stress oxy hoa (hinh 9D).

Nghién ciru ndy chimg minh rang, viéc knockout gen keapla
lam tang kha nang sinh ly cua ca ngya van khi d6i mat v6i stress
oxy hoa, md ra hudng nghién ciru méi vé vai trd clia gen nay trong
dap tmg oxy hoa.

4. Ban luan

Nghién ctru nay da thanh cong trong viéc st dung cong nghé
CRISPR-Cas9 dé tao ra dong cd ngua van knockout gen keapla
(hinh 10). Quy trinh bao gdm cac budc chinh: thiét ké gRNA, tong
hop gRNA va Cas9 mRNA, vi tiém vao phoi ca ngua van mot té
bao, nudi phoi va cudi cung 13 xac dinh kiéu gen cta ca thé bién
d6i gen. MAi bude trong quy trinh déu duoc t6i wu hoa dé dat hiéu
qua cao nhat. Vi du, chung t6i da lya chon gRNA c6 hiéu suit cét
cao va sir dung ki thudt vi tiém chinh xac dé dam bao dua thanh
cong phiic hgp CRISPR/Cas9 vao phoi. St dung k¥ thudt vi tiém
phitc hgp ribonucleoprotein (RNP) vao phéi ca mot té bao, mot
ky thuat da dugc ching minh 12 c6 hiéu qua cao trong viéc tao dot
bién gen muc tiéu & ca ngwa van va cac loai khac [22-25].
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Hinh 10. Quy trinh knockout gen keap7a & ca ngwa van.

Céc thong s6 danh gia va hiéu qua cho thdy, quy trinh dugc
danh gia thong qua ty 1¢ phoi bién doi gen thanh cong va ty 1¢ ca
thé mang dot bién & gen dich. Két qua cho thay, chung t6i da dat
dugc ty 1¢ phoi bién doi gen 1én dén 80% va ty 1€ ca thé FO mang
dot bién 1a 50% (hinh 6A). Pay la nhimg con s6 dang khich 18,
ching t6 quy trinh knockout gen keapla ciia chung t6i c6 tinh kha
thi va hi¢u qud. Ngoai ra, chling t6i ciing da phan tich trinh ty gen
cua cc c4 thé bién doi gen dé xac nhan sy xuat hién cua dot bién
trén gen keapla. Két qua giai trinh tu cho thay, dot bién da xay ra
ding vi tri dich trén gen (hinh 7B), chung t6 tinh dac hi¢u cao cla
hé thong CRISPR/Cas9.
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Mot diém dang chii ¥ 1a ca ngya vin knockout keapla trong
nghién ciru nay khong hé biéu hién bat ky dau hiéu bat thuong
hoic tir vong ndo, ngay ca khi chiing mang dot bién dong hop .
Piéu nay khac biét hoan toan so voi nhimg gi di duoc quan sat &
chudt knockout keap !, thuong chét sau 15 ngay tudi [21]. Sw khac
biét ny c6 thé xuat phat tir sy khac nhau vé cdu tric va chirc ning
ciia hé thong Keap1-Nrf2 giita céc loai, hodc do c4 ngua vin co
céc co ché bu trir khac gitip duy tri can bang oxy héa ngay ca khi
keapla bi bat hoat.

Mot két qua quan trong khac cua nghién cuu la ca ngua Vén
knockout keapla cho thiy kha ning chong chiu stress oxy hoa tt
hon so véi ca hoang da. Piéu nay cing b gia thuyét rang viéc loai
bo keapla s& dan dén su hoat hoa lién tuc cua Nrf2 [26], tir do kich
hoat céc gen chong oxy héa va bao vé té bao khoi stress oxy hoa
[8]. Két qua ndy mo ra tiém ning mg dung cong ngh¢ CRISPR-
Cas9 dé tao ra cdc dong ca nudi co kha ning chong chiu stress oxy
héa cao hon, qua d6 ning cao ning suét va chét lwong cho nganh
nudi trong thuy san.

Tuy nhién, can luu ¥ rang nghién ciru ndy méi chi tap trung
vao viée danh gia kha ning chdng chiu stress oxy hoa cp tinh ¢ ¢4
knockout keapla. Can c6 thém cac nghién ctru sau hon dé xem xét
anh huong lau dai ciia viée knockout keapla dén stre khoe, sy ting
truong va kha ning sinh san cua c4, dé ¢6 thé danh gia toan dién
tiém nang tng dung cua cong nghé nay trong nudi trong thay san.
Bén canh d6, viéc nghién ctu chi tiét cac co ché phan tir lién quan
dén su hoat hoa Nrf2 va biéu hién cta cac gen chong oxy hoa & ca
knockout keapla ciing s& cung cip nhing hiéu biét sdu séic hon vé
vai tro ciia h¢ thong Keapl-Nrf2 trong viéc duy tri can bang oxy
hoa va dap ung voi stress oxy hoa ¢ ca.

Nhimng két qua nay cho thy, quy trinh knockout gen keapla
ma chang t0i phat trién c6 thé dugc ap dung dé nghién ctru chirc
ning cua gen ndy trong cac nghién ctru tiép theo. Hon nita, quy
trinh nay ciing c6 thé dugc didu chinh va sir dung dé knockout cac
gen khéc trén ca ngya van, mé ra nhiéu co héi nghién ctru méi
trong linh vuc sinh hoc phét trién va y sinh hoc. Trong tuong lai,
chiing ti s& tiép tuc cai tién quy trinh nay dé ning cao hiéu qua
bién doi gen va giam thiéu cac tac dong khong mong mudn. Pong
thoi, ching toi cling s& sir dung cac ca thé c4 ngya van knockout
keapla dé nghién ciru vai tro clia gen ndy trong cac qua trinh sinh
ly va bénh Iy khac nhau.

Toém lai, nghién ctru nay da thanh cong trong viéc su dung
cong nghé CRISPR-Cas9 dé tao ra dong c4 ngwa van knockout
keapla (hinh 10) va chimg minh kha ning chéng chiu stress oxy
héa cao hon cua ching. Day la mot budc tién quan trong, mé ra
canh ctra cho viée ung dung cong nghé CRISPR-Cas9 vao nghién
cuu co ban va ing dung tai Viét Nam, dac biét 1a trong linh vuc
nudi tréng thiy san. Mic di vy, cdc nghién ciru sdu hon vé anh
huong cua viée knockout keapla dén ca ngya vin van 1a can thiét
& khai thac hét tiém nang cia cong nghé ndy, mé ra nhimg huéng
nghién cru va ung dung méi trong tuong lai.
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5. Két luan

Nghién ctru nay di thanh cong thiét 1ap quy trinh knockout
gen keapla trén ca ngua van sir dung cong nghé CRISPR-Cas9,
danh dau mot budc tién quan trong trong viéc img dung cong nghé
chinh sua gen tai Viét Nam. Cé ngua van knockout keapla khong
chi phat trién va sinh san binh thuong ma con thé hién kha ning
chéng chiu stress oxy hoa vuot trdi, mé ra tiém nang Ung dung
to 16n trong viéc tao ra cac dong ca nudi c6 kha nang chdng chiu
stress va nang cao chat lugng san pham trong nganh nuéi trong
thity san. Nghién ctru nay khong chi cung cdp mot cong cu manh
mé cho nghién ctru chirc ndng gen ma con dat nén tang cho viée
phat trién céc tmg dung cong nghé sinh hoc tién tién trong twong
lai. Tuy nhién, can tiép tuc nghién ctru sau hon dé danh gia toan
dién anh huong cua viée knockout keapla ciing nhu khai thac toi
da tiém ning cua cong nghé CRISPR-Cas9 trong linh vic nuéi
trong thiy san.

LO1 CAM ON

Nghién ctru duoc tai tro boi Quy Phat trién Khoa hoc va Cong
nghé Qudc gia (NAFOSTED) qua dé tai ma s 108.06-2020.19.
Céc tac gia tran trong cam on.
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