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TOM TAT

Nghién ctru dugc thyc hién nhdm danh gia va sang loc cac RNA dan dwéng (gRNA) nhdm muc tiéu gen
myostatin (MSTN) phuc vu chinh stva gen & phéi bd béng céng nghé CRISPR/Cas9. Hop tl sau thy tinh trong 6ng
nghiém dwoc dién xung véi phirc hop ribonucleoprotein (RNP) gdm Cas9 va cac gRNA don 1& (gRNA#2,
gRNA#4, gRNA#8) hodc phdi hop hai gRNA (QRNA#8&2, gRNA#8&4). Hiéu qua chinh stra dwoc danh gia thong
qua ty 1& phan chia, ty 1& hinh thanh phéi nang va phan tich giai trinh tw gen dich MSTN & phdi nang nham xac
dinh ty lé dot bién va ty 1& dot bién hai alen. Két qua cho thay ty |é phan chia dao déng t&r 66,5% dén 77,1%, trong
d6 nhom gRNA#88&4 c6 ty 1& phan chia thdp hon co y nghia so v&i gRNA#2 va gRNA#4 (P <0,05). Ty & hinh
thanh phdi nang khac biét ré rét gitva cac nhém, cao nhat & gRNA#4 (36,8%) va thap nhat & gRNA#8 (18,1%).
Phan tich giai trinh tw cho thAy gRNA#4 dat ty 1& dot bién cao nhét (52,2%) va ty 1& dot bién hai alen cao nhat
(33,3%), trong khi cac nhém phdi hop hai gRNA c6 hiéu qua chinh sira va ty 1& dot bién hai alen thap. Két luan,
phwong phap dién xung CRISPR/Cas9 dang RNP trén phéi IVF la kha thi @& tao phéi bo chinh sira gen MSTN,
trong d6 gRNA#4 |a &ng vién tdi wu cho cac nghién ctvu va tng dung tiép theo.

Tt khéa: Myostatin (MSTN), chinh stra gen, CRISPR/Cas9, phoi bo, xung dién.

Evaluation of Guide RNA Efficiency for Myostatin Gene Editing
in Bovine Embryos Using CRISPR/Cas9 Electroporation

ABSTRACT

This study was conducted to evaluate and screen guide RNAs (gRNAs) targeting the myostatin (MSTN) gene
for bovine embryo genome editing using the CRISPR/Cas9 system. In vitro-fertilized zygotes were electroporated
with ribonucleoprotein (RNP) complexes consisting of Cas9 protein and either single gRNAs (gRNA#2, gRNA#4,
gRNA#8) or dual-gRNA combinations (gRNA#8&2, gRNA#8&4). Editing efficiency was assessed based on
cleavage rate, blastocyst formation rate, and sequencing analysis of the MSTN target locus in blastocysts to
determine mutation frequency and biallelic mutation rate. The cleavage rates ranged from 66.5% to 77.1%, with
the gRNA#8&4 group showing a significantly lower cleavage rate compared with the gRNA#2 and gRNA#4 groups
(P <0.05). Blastocyst formation rates differed markedly among groups, with the highest rate observed in the
gRNA#4 group (36.8%) and the lowest in the gRNA#8 group (18.1%). Sequencing analysis revealed that gRNA#4
yielded the highest mutation rate (52.2%) and the highest biallelic mutation rate (33.3%), whereas dual-gRNA
combinations resulted in lower editing efficiency and biallelic mutation rates. In conclusion, CRISPR/Cas9 RNP
electroporation of IVF-derived embryos is a feasible approach for generating MSTN-edited bovine embryos, and
gRNA#4 represents the most promising candidate for further studies and applications.

Keywords: Myostatin (MSTN), CRISPR/Cas9, genome editing, bovine embryo, electroporation.

biét héa ting trudng s6 8 (growth differentiation
factor 8), 1a mot protein thudc ho siéu yéu to
Myostatin (MSTN), con duge goi 1a y&éu t6  téng trudng bién d8i p (TGF-B), déng vai tro la

1. DAT VAN DE
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ch&t diéu hoa ngude d8i véi su phat trién co
xuong. Cac dot bién mAit chiic ning cta gen
MSTN d& dudc chting minh gay ra kiéu hinh “co
nhan d6i” 6 bd Belgian Blue (Grobet & cs.,
1997), trong khi bat hoat MSTN & chudt lam
tang dang ké khéi lugng co théng qua su gia
ting cd s6 lugng va kich thudc sgi co
(McPherron & cs., 1997). Cac nghién ctiu sau dé
tiép tuc khing dinh MSTN la gen muc tiéu
quan trong dé cai thién sinh trudng va ning
suat thit 6 vat nudi (Aiello & cs., 2018). Do vay,
bat hoat gen MSTN dugc xem 14 mot hudng tiép
can day tiém nang trong cac chuong trinh chon
giéng vat nudi bang cong nghé chinh stia hé gen
(Wang & Petersen, 2022).

Coéng nghé chinh stia gen CRISPR/Cas9
short
palindromic repeats/CRISPR-associated protein
9) st dung RNA din dudng (guide RNA, gRNA)
dé dinh huéng enzyme Cas9 dén trinh tu DNA
dich, tao dtt gdy mach kép va kich hoat co ché
stia chiia DNA noi sinh cta té& bao (Cong & cs.,
2013; Mali & cs., 2013). Nho cau tric don gian,
dé thiét k& va hidu qua chinh sta cao,
CRISPR/Cas9 da dudc ting dung dé chinh sta
gen MSTN trén nhiéu loai gia stic va déng vat

(clustered regularly interspaced

thuy sinh, cho thay tiém nang lén trong cai
thién kha ning phat trién cd va ning suét thit
Xu & cs., 2020; Proudfoot & cs., 2020; Zheng &
cs., 2024). Cac nghién citiu tao dong vat chinh
stia gen 6 giai doan diu chu yéu st dung k§
thuat chuyén nhan t& bao soma (SCNT) hoic vi
tiém (microinjection), nhung con han ché& bdi
hiéu qua tao phéi va tao con séng con thip, quy
trinh thao tac phtc tap va phu thudc nhiéu vao
k¥ nang ctia ngudi thuc hién (Booth & cs., 2001;
Brophy & cs., 2003; Bosch & cs., 2004). Ky thuat
xung dién (electroporation) da dudc phat trién
nhu mot phuong phap thay thé nhim dua truc
tiép  phtic  hop CRISPR/Cas9
ribonucleoprotein (RNP) vao hgp ti ma khéng

dang

can vi thao tac, qua dé giam tén thuong co hoc
va nang cao hiéu qua xu 1y phéi (Tanihara & cs.,
2016; Camargo & cs., 2020). Gan day, Gim & cs.
(2023) da tao thanh céng bo chinh stia da locus,
bao gbm MSTN, bing phuong phap dién xung
trén phdi thu tinh trong 6ng nghiém, cho thay

trién vong ctia phuong phéap nay trong san xuét
dong vat chinh stia gen.

Tuy nhién, hiéu qua chinh sta
CRISPR/Cas9 van phu thudc dang ké vao dic
diém ctia gRNA, bao gém trinh tu gRNA, ham
luong GC, cdu tric bac hai, kha niang tiép can
vung chromatin cting nhu nguy co tac dong
ngoai muc tiéu (Doench & cs., 2016). Dé6i véi bod
H'Méng, hién van chua c6 nghién ctu nao danh
gia c6 hé thong hiéu qua cha cac gRNA nham
muc tiéu gen MSTN két hop véi phuong phap
dién xung trén phéi thu tinh trong 6ng nghiém.
Vi vay, viéc danh gia thuc nghiém cac gRNA la
can thiét nham lua chon dudec gRNA cé hiéu
suat chinh stia cao dong thdi it anh hudng dén
kha nang phat trién cta phéi.

Nghién ctiu nay dude thuc hién nhim danh
gia hiéu qua cta cac gRNA nhdm muc tiéu gen
MSTN & phdi bo H'Moéng bang phuong phap
xung dién phtc hgp CRISPR/Cas9 dang RNP
thong qua cac chi tiéu phat trién phoi (ty 1é
phan chia, ty 1& hinh thanh phéi nang) va ty 1&
dot bién va dot bién hai alen. Két qua nghién
ctiu cung cap co s6 lua chon gRNA phu hgp cho
san xuat phdi va bo chinh stia gen MSTN, gép
phan tng dung CRISPR/Cas9 trong cai tién
gidng vat nudi ¢ Viét Nam.

2. PHUONG PHAP NGHIEN CUU

2.1. Thu thap t€ bao trirng, nudi thanh thuc
trong 6ng nghiém, thu tinh va nuéi ciy phéi

Cac t& bao trtng thu ti budng tring bo
H’Mbng tai mét s6 10 mé dia phuong thudc tinh
Ha Giang cti (nay 12 tinh Tuyén Quang) dudc
nudi thanh thuyc in vitro (IVM - In Vitro
Maturation) theo P4 Thi Kim Lanh & cs. (2021).
Khoang 50 phtic hop té bao tring va té bao
cumulus (COCs) dugec nudi trong 500pul méi
truong TCM-199 chiia muéi Earle (Invitrogen,
Hoa Ky) b6 sung 0,6mM cysteine, 0,02 AU/ml
hormone kich thich nang tring (FSH - Follical
Stimulating Hormone; Kyoritsuseiyaku, Nhat
Ban), 5% huyét thanh thai bé (FBS - Fetal
Bovine Serum, Sigma Aldrich, Hoa Ky) va
50 pg/ml gentamicin (Sigma Aldrich, Hoa Ky)
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trong 22 gié 6 38,5°C,5% CO,, d6 4m khéng khi
bao hoa.

Thu tinh trong éng nghiém (IVF - In Vitro
Fertilization) dugc thuc hién theo Isobe & cs.
(2015) v6i mdt s6 diéu chinh. Sau IVM, COCs
duge thu tinh bang tinh trung dong lanh - ra
déng ctia mot bo duc H’'Méng duy nhat nudi tai
Trung tAm gidng gia stc va vat nudi Pho Bang,
tinh Ha Giang cii Tinh dudc ra dong 6 37°C, ria
hai 1an bing méi trudng thu tinh bang ly tam
630 x g trong 5 phit va pha loing vé néng do
4 x 10° t& bao/ml. Hén hop 250ul tinh trung
duge bé sung vao 250pl méi trudng chia 50
tring da thanh thuc dé dat néng d6 cudi 2 x 10°
t& bao/ml. Triéing va tinh trung dugc dong 1
trong 6 gid 6 38,5°C trong ti 4m khoéng khi bio
hoa chtia 5% CO..

Sau khi thu tinh, hgp ti gia dinh dudc loai
bo 16p t& bao cumulus va tinh trung bam bang
pipet cd hoc va nudi cdy trén 16p don té& bao
cumulus dude chuén bi truée theo phuong phap
déng nudi cdy (co-culture) trong moi trudng
mSOF b6 sung 4 mg/ml albumin huyét thanh bo
(BSA - Bovine Serum Albumin, Sigma Aldrich,
Hoa Ky) va 50 pg/ml gentamicin ¢ 38,5°C, 5%
CO,, 46 4m khong khi béo hoa.

Sau 72 gid, cac phoi da phan chia tiép tuc
duge nudi cdy trong mSOF bs sung 5% FBS
thém 5. Ty 1& phoiphan chia va hinh thanh phéi
nang duge danh gia tuong tng sau 72 gié va 7
ngay nudi cay. O nhém d6i ching, cac hop tu
dugc xt 1y tuong tu nhung khong duge dua qua
budc xung dién trude khi nuéi cay.

2.2. Xung dién t€& bao

Trinh tu gRNA nhim muc tiéu gen MSTN
dugc thiét k& bang CRISPRdirect va dude phan
tich kha n#ng off-target trén COSMID. Ba

gRNA tiém n#ng nhat: gRNA2, gRNA4 va
gRNAS dugce lua chon dé danh gia thuc nghiém.
Cac gRNA nay lan lugt nhan dién cac vung
nucleotide 338-360, 324-346 va 314-336 cua
exon 1 va exon 2 gen MSTN. Théng tin chi tiét
vé trinh tu gRNA, vi tri dich, trinh tu PAM va
huéng nhan dién dudc trinh bay trong bang 1.

Phtic hgp gRNA duge chuén bi bang cach u
bit cap gita crRNA (Integrated DNA
Technologies - IDT; Coralville, IA, Hoa Ky) véi
tracrRNA (IDT) theo huéng dan ctia nha san
xudt;protein Cas9 tai t6 hgp dudgec mua ti
Takara Bio, Inc. (Shiga, Nhat Ban). Xung dién
duge thuc hién theo Tanihara & cs. (2016) trén
dién cuc (LF501PT1-20; BEX, Tokyo, Nhat Ban)
dugc két noi véi thiét bi xung dién CUY21EDIT
II (BEX). Khoang 30-40 hop ti gia dinh thu
nhan 15 gioé sau thu tinh dugdc rtia bang dung
dich Opti-MEM I (Invitrogen va sip xép thing
hang trong khe dién cuc chtta 10yl dung dich
dém duplex (IDT) c¢6 b6 sung 100 ng/pl gRNA
nhim muc tiéu gen MSTN va 100 ng/pl protein
Cas9. Xung dién dugc thuyc hién ¢ 20 V/mm, thoi
gian kéo dai xung dién 1ms va ldp lai 3 lan.

Sau xung dién, cac hop ti dudc ria va nudi
cdy trong mdi truong nudi phodi theo md ta 6
trén. Nhéom d6i chiing dugc nudi cdy trong
diéu kién tuong tu nhung khéng tién hanh
xung dién.

2.3. Phan tich dot bién gen MSTN trén phéi
nang sau chinh stta CRISPR/Cas9

DNA dudc tach ti tiing phéi nang bang xu
Iy nhiét trong NaOH 50mM, sau d6 trung hoa
va khuéch dai vung gen dich cua gen MSTN
bing PCR st dung enzyme Quick Taq DNA
Polymerase (Toyobo, Osaka, Nhat Ban) theo
huéng dan cta nha san xuat.

Bang 1. Lua chon gRNA tac dong trén gen MSTN & bo

MSTN Trinh tw (5'-3") PAM Target Chiéu
gRNA#2 ggacggaaacggtcattacc cca 338-360 R
gRNA#4 cgatgactaccagccagga cgg 324-346 F
gRNA#8 tggaagacgatgactaccac cct 314-336 R
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Cac cép moi st dung gom:

- gRNA #2 va #4: moéi xudi (forward)
5-CCATGCAAAAACTGCAAATCTC-3 va moi
ngudge (reverse) 5-GCAGCTTTCAGTCTCATT
GGTC-3

- gRNA #8: mdi xudi (forward)
5-TGGAGGTGTTCGTTCGTTTTT-3 va mdi

ngudge (reverse) 5-TGGGGTAAGGCACCTT

TGTC-3

San phidm PCR duge tinh sach bang
FastGene Gel/PCR Extraction Kit (Nippon
Genetics, Tokyo, Nhat Ban) va giai trinh tu
Sanger st dung bd kit BigDye Terminator Cycle
Sequencing Kit v3.1 (Thermo Fisher Scientific
K.K., Tokyo, Nhat Ban) trén hé théng ABI 3500
Genetic Analyzer (Applied Biosystems, CA, Hoa
Ky). Tan suit cac dot bién dang chén/mat doan
(insertion/deletion; indel) trong cac phéi nang
duge dinh lugng bing cong cu tin sinh hoc TIDE
(Tracking of Indels by
https://tide.deskgen.com/)
2014). Dua trén két qua giai trinh tu, phéi nang

DEcomposition;
(Brinkman & cs.,

duge phan loai thanh kiéu gen hoang dai (wild
type), dot bién hai alen (biallelic mutants) hoéc
dot bién kham (mosaic mutants).

2.4. X1t 1y s6 lidu

Ty 1& phoi phan chia, hinh thanh ph6i nang
va ty 1é phoi mang dot bién gen MSTN giiia cac
nhém duge so sanh bing phép kiém dinh Chi -
binh phuong (32 test). Cac gia tri dudc trinh bay
duéi dang ty 1& phan tram kém theo s6 mau

quan sat (n). Su khac biét duge xem la c6 y
nghia théng ké khi P <0,05.

3. KET QUA NGHIEN CUU

3.1. Su phat trién phéi in vitro sau dién
xung gRNA/Cas9

Dé danh gi4 hiéu qua chinh stia gen, hgp ti
duge dién xung véi protein Cas9 két hdp véi
tting gRNA riéng 1é hoéc phéi hop 2 gRNA. Ty 1é
phan chia va ty 1é hinh thanh phéi nang dudc st
dung dé danh gia anh hudng cta chinh stia gen
1én sy phat trién phoi sém (Bang 2).

Ty 1é phoi phan chia sau xung dién chinh
stia gen MSTN gitia cac nhém gRNA dao dong
tl 66,5% dén 77,1%. Nhéom st dung gRNA#4 dat
ty 1é phoi phan chia cao nhat (77,1%), khong
khac biét so v6i cac nhém gRNA#2 (75,2%),
gRNA#8 (74,0%) va gRNA#8&2 (74,0%)
(P >0,05). Tuy nhién, ty 1& phoéi phan chia 6
nhém phéi hgp hai gRNA#8&4 (66,5%) thap hon
so v6i nhém phéi dude xung dién véi gRNA#2 va
sRNA#4 (P <0,05).

Ty 1& hinh thanh phéi nang c6 khac biét rd
rét gitia cic nhém, dao dong tu 18,1% dén
36,8%. Nhém gRNA#4 cho ty 1é phoi nang cao
hon (36,8%; P <0,05) so véi ty 1& nay 6 cac nhém
phoi st dung gRNA#8 (18,1%), gRNA#8&2
(26,4%) vi gRNA#8&4 (21,0%). Nhém gRNA#2
dat ty 1é phoi nang (29,8%) khong khac biét c6 ¥
nghia théng ké so véi nhém phoéi st dung
oRNA#4.

Bang 2. Anh hudng ctia gRNA dé&n kha ning phat trién
cta phoi bo sau xung dién chinh stta gen

gRNA Ty 1é phoi phan chia (%) Ty 1é phoi nang (%)
gRNA#2 75,2(364/484) 29,8 (144/484)*
gRNA#4 77,1 (356/462)° 36,8 (170/462)°
gRNA#8 74,0 (355/480)* 18,1 (87/480)"
gRNA#8&2 74,0 (342/462)* 26,4 (122/462)™
gRNA#8&4 66,5 (266/400)° 21,0 (84/400)™

Céc gia tri mang céc ky tu khdc nhau trong ciing mot cot thé hién su khac biét c6 y

nghia thong ké (P <0,05).
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Bang 3. Ty 1& ph6i mang gen MSTN dét bién

RNa SO phoigiditrinh t - S6 phoi co dotbién Ty lé dotbién S phoi dot bién 2 alen Ty 1& dot bién 2 alen
9 0) 0 %) ) (%)
gRNA#2 90 (30 x 3) 43 47,7 12 13,3°
gRNA#4 90 (30 x 3) 47 52,2° 30 33,3
gRNA#8 75 (25 x 3) 33 44,0 9 12,0°
gRNA#8&2 96 (32 x 3) 24 25,0° o 0°
gRNA#8&4 87 (29 x 3) 15 17,2° 3 3,4™

Ghi chu: Céc gia tri mang cdc ky tu khdc nhau trong cung mot ¢t thé hién su khac biét c¢6 y nghia théng ké

(P <0,05).

A

GGTAATGACCGTTTCCGTCC TGG  Exonl R

CTACCACGCCAGGACGGAAA GoG 2O f

AACCCATGAAAGACGGTACA AGG XOn?

Sequence (5'to 3"

_ WT TGACTACCACGCCAGGACGGAAACGGTCATTACCATGCCC
TGACTACCACGCCAGGACGGAAACGGTCATTACCATGCCC
mosaic TGACTACCACGCCAGGA- - - -AACGETCATTACCATGCCC

... JGACTACCACGCCAGBACGG: - - - - - TCATTACCATECCC | |
TGACTACCACGCCAGGACGG---- - - TCATTACCATGCCC
MOsaic TGACTACCA-===--=--==-- ACGGTCATTACCATGCCC

TGACTACCACGCCAGGACGGAAACGGTCATTACCATGCCC

biallelic TGACTACCACGCCAGGAACG--TGGGTCATTACCATGCCC .
.. TGACTACCACGCCAGGACGG------TCATTACCATGCCC
TGACTACCACGCCAGG---------- TCATTACCATGCCC
TGACTACCACGCCAGGACGGGAAACGGTCATTACCATGCCC

mosaic TGACTACCACGCCAGGACGGTAGTCCTGGTCATTACCATGCCC

TGACTACCACGCCAC------=mmmmmm - TACCATGCCC
TGACTACCACGCCAGGACGGAAACGGTCATTACCATGCCC
TGACTACCACCGCCAGGACGG------ TCATTACCATGCCC

TGACTACCACGCCAGGACGGAAACGGTCATTACCATGCCC
_ TGACTACCACGCCAGGACGGGAAACGGTCATTACCATGCCC
MOSAalC TGACTACCACGCCAGGACGGTAGTCCTGGTCATTACCATGCCC
TGACTACCACGCCAGG---------- TCATTACCATGCCC
TGACTACCACGCCAC--------------- TACCATGCCC

Hinh 1. A: Trinh tu gRNA c6 dich tac dong trén gen MSTN;
B: Mau chinh stta gen MSTN tit phéi bé sau xung dién CRISPR/Cas véi gRNA:
(chii mau xanh 14 trinh tu dich, dd 14 trinh tu PAM, xanh 14 cay 1a nucleotit bi thay thé, tim 1&
nucleotit dugc thém vao, --- 1a nucleotit bi x6a)

3.2. Két qua phan tich dot bién gen MSTN
trén phoi nang sau chinh stta CRISPR/Cas9

Phéan tich trinh ty ving dich gen MSTN
trén ting phéi nang (Hinh 1B, Bang 3) cho thay
ty 1& dot bién khac nhau gitia cac gRNA. Ty 1é
cao nhat 6 nhém gRNA#4 (52,2%), tiép theo la
GRNAH2 (47,7%) va gRNA#S (44,0%). Céc gRNA
don 18 cho hiéu qua chinh stia gen cao hon dang
ké so v6i cac nhém phoi dude xung dién phoi hop
2 gRNA (P <0,05), trong d6 gRNA#8&4 va
gRNA#8&2 c6 ty 1é chinh stia gen 1an lugt la
17,2% va 25,0%. Ty 1é dot bién 2 alen cao nhat
nhém gRNA#4 (33,3%) cao hon cac nhém phéi
con lai (P <0,05); ty 1& nay dic biét thap 6 nhém
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2 gRNA (gRNA#8&4: 3,4%) hodc khong co
(gRNA#8&2).

4. THAO LUAN

Két qua nghién ctiu cho thay trinh tu gRNA
¢6 anh hudéng dang ké dén ca kha nang phat
trién cta phoi va hiéu qua chinh stia gen MSTN
trén phoi bo H'Moé6ng. Trong s6 cac gRNA dudc
khao sat, gRNA#4 cho ty 1& hinh thanh phéi
nang, ty 1& dot bién va ty 1& dot bién hai alen cao
nhit, trong khi viéc phéi hop hai gRNA lam
gidm kha ning phat trién cta phéi va hiéu qua
chinh stta. Két qua nay cho thay vai trd quan
trong cua viéc lua chon gRNA trong chinh stia
gen bing phuong phap xung dién.
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MSTN la gen muc tiéu quna trong trong
chon gidng vat nudi do vai trd diéu hoa Am tinh
d6i v6i su phat trién co xuong va kha ning cai
thién ning suat thit sau khi bi bat hoat (Aiello
& cs., 2018; Wang & Petersen, 2022). Theo hiéu
biét ctia ching t6i, day la nghién ctiu dau tién
tai Viét Nam danh gia c6 hé théng hiéu qua ctaa
nhiéu gRNA nhdm muc tiéu gen MSTN trén
phoi bo H'Moéng bang dién xung phtic hdgp
CRISPR/Cas9 dang RNP. Két qua nghién ciiu
cung cip cd s ban diu cho viée phat trién va
tng dung cong nghé chinh stia gen trén bo
H'Moéng va céac giéng bo ban dia Viét Nam.

Hiéu qua chinh stia khac nhau gifia céc
gRNA cho thay viéc thiét k& va lya chon gRNA
14 mot trong nhiing yéu té quan trong d6i véi hé
thong CRISPR/Cas9. Méc du dugc thiét ké& theo
cc tiéu chi tin sinh hoc tuong tu, ty 1& dot bién
thu dude dao dong tit 17,2% dén 52,2%, trong d6
gRNA#4 cho ty 1& dot bién va dot bién hai alen
cao nhat. K&t qua nay phu hdp véi nhiéu nghién
ctiu trude day, cho thay cdc gRNA khéic nhau
cing nhim mot gen muc tiéu van cé thé tao ra
hiéu qua chinh stia rat khac nhau do khac biét
vé trinh tu dich (Hsu & cs., 2013; Doench & cs.,
2016). Trong hé théng CRISPR/Cas9, gRNA
déng vai tro dinh huéng enzyme Cas9 dén vi tri
lién ké PAM dé tao ra dut gay kép va kich hoat
cac cd ché sta chita DNA noi sinh cua té& bao,
cht yé&u théng qua con dudng ndéi dau khéng
tuong ddéng (non-homologous end joining,
NHEJ) (Jinek & cs., 2012; Cong & cs., 2013), tao
cac dot bién chén hodc mat doan ti d6 lam bat
hoat gen dich. Trong nghién ctiu nay, cac gRNA
nhim muc tiéu exon 1 va exon 2 cia gen MSTN,
14 ving ma héa nam & dau khung doc mé. Cac
dot bién tai khu vuc nay cé6 kha ning cao lam
gian doan quéa trinh dich m& hoéc tao protein
mat chtic ning (McPherron & cs., 1997; Aiello &
cs., 2018). Bén canh d6, hiéu qua chinh sta gitia
cac gRNA con phu thuoc vao vi tri dich, thanh
phan nucleotide cia gRNA, ham lugng GC, ciu
tric bac hai va kha ning tiép can DNA muc tiéu
cua phiic hgp Cas9-gRNA (Doench & cs., 2016;
Tycko & cs., 2019). Cac gRNA dugc st dung
trong nghién ctiu nay déu dudgc lua chon dua
trén du doan tin sinh hoc nhdm giam thiéu sé
lugng vi tri tuong déng ngoai muc tiéu trén hé

gen bo. Viéc han ché& cac tac dong ngoai muc
tiéu khong chi gép phan nang cao do tin cay cua
két qua chinh stia ma con c¢6 y nghia quan trong
do6i véi cac ting dung tao phdi va tao dong vat
chinh stia gen phuc vu chon giéng trong tuong
lai (Hsu & cs., 2013; Tsai & cs., 2015). Méc du
cac gRNA déu duge sang loc bang cac cong cu
tin sinh hoc nhim giam nguy co tac dong ngoai
muc tiéu, hiéu qua vuct troi cua gRNA#4 cho
thdy cac du doan tin sinh hoc chi déng vai tro
dinh huéng, danh gia thuc nghiém 1a can thiét
dé luya chon gRNA t6i wu.

Viéc phéi hgp hai gRNA khéng lam ting ma
con lam gidm ty 1& hinh thanh phéi nang va
hiéu qua tao d6t bién gen MSTN so véi st dung
mét gRNA. Hién tugng nay cé thé lién quan dén
viéc tao dong thoi nhiéu dit gy mach kép DNA,
lam tdng ganh ning stia chita DNA va anh
hudng dén tinh toan ven cta hé gen. Tén thuong
DNA vugt miic c6 thé kich hoat kiém soat chu
ky t& bao va apoptosis lién quan dén vai trd ctia
p53, din dén giam kha nang phat trién cta phéi
(Le & cs., 2021; Lin & cs., 2021). Ngoai ra, su
canh tranh gitia nhiéu su kién stia chita DNA
x4y ra déng thdi ciing c6 thé 1lam giam hiéu qua
tao dot bién tai ting vi tri dich, gép phan giai
thich ty 1& dot bién thap hon 6 cdc nhém su
dung hai gRNA.

Trong s6 cac gRNA khao sat, gRNA#4 cho
ty 1é hinh thanh phéi nang, ty 1& dot bién va ty
1& d6t bién hai alen cao nh4t. Diéu nay cho thay
gRNA#4 khong chi c6 hiéu qua chinh stia cao
ma con it anh hudng dén kha nang phat trién
ctua phéi. Cac két qua nay phu hop véi nhiing
nghién citiu truéc day cho thay hiéu qua cta
gRNA chiu anh hudng bdi nhiéu yéu t6 phu
thudc vao trinh tu, bao gbm ham lugng GC, cau
tric bac hai, mtc do tiép can ctia chromatin va
vi tri tuong d6i so véi cac yéu to diéu hoa trong
locus dich (Tanihara & cs., 2018; Tanihara &
cs., 2019; Fischer & cs., 2020). Vi tri dich cta
gRNA#4 tai exon 1 ctia gen MSTN c6 thé thuan
lgi cho hoat dong ctua Cas9, dong thdi van dam
bao kha ning phat trién cta phdi (Xue & cs.,
2014; Crispo & cs., 2015; Tanihara & cs., 2018)
cho thay gRNA nay la ting vién phu hgp cho cac
nghién ctu tiép theo.
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Hinh 2. Phéi nang ngay 7 sau xung dién chinh stta gen MSTN

Trong nghién ctiu nay, phudng phap xung
dién dudec st dung dé dua phic hogp
CRISPR/Cas9 vao hgp ti va tao dot bién gen
MSTN véi hiéu qua cao trong khi van duy tri
kha nang phat trién cta phdi dén giai doan
phoi nang. So véi phuong phap vi tiém truyén
thong, k§ thuat xung dién cho phép xu ly dong
thoi s6 lugng 16n phoi véi yéu cau k§ thuat
thap hon, déng thoi giam sai khac cua qua
trinh chinh stita gen (Nishio & cs., 2018; Hirata
& cs., 2019; Miao & cs., 2019). Ty 1é ph6i nang
sau xung dién dao dong tu 21,0% dén 36,8%,
tuong ducng véi cac nghién céiu gin day su
dung phuong phéap dién xung dé chinh stia gen
trén phoi bo (Camargo & cs., 2020; Miskel &
cs., 2022), cho thay quy trinh xung dién dudgc
ap dung khong giy anh hudng nghiém trong
dén kha ning phat trién ctia hgp ti. Viéc st
dung phiic hgp CRISPR/Cas9 dang RNP thay
vi plasmid DNA hoédc Cas9 mRNA gitup riut
ngin thoi gian ton tai ctia nuclease trong té&
bao, qua d6 giam nguy cd chinh stia ngoai muc
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tiéu va han ché hién tugng kham (Chen & cs.,
2016; Hashimoto & cs., 2016; Ryu & cs., 2018;
Navarro-Serna & cs., 2020). Nhiing uu diém
nay cho thiy xung dién CRISPR/Cas9 1a cach
tiép can phu hgp cho chinh stia gen MSTN trén
phéi bo H'Méng.

Két qua nghién citu cling ghi nhan rang cac
phéi bd mang dot bién gen MSTN van phat trién
dén giai doan phoi nang, cho thay chinh stia gen
MSTN khéng anh hudng dén su phat trién phoi
s6m 6 bo. Kha ning phat trién dén giai doan
phéi nang cta phéi chinh stia MSTN la diéu
kién tién quyét cho viéc chuyén phéi va tao ra
cac ca thé vat nudi chinh stia gen, qua d6 khing
dinh tinh kha thi cta viéc nhdm muc tiéu gen
MSTN 6 bo (Gim & cs., 2023). Do d6, phuong
phap dién xung phiic hgp CRISPR/Cas9 dang
RNP khong chi bdo dam kha ning phat trién
cua pho6i ma con cho phép sang loc gRNA mot
cach hiéu qua, tao ¢d sé cho trién khai san xuét
phdi va tao bo H'Mbdng chinh stia gen MSTN
trén quy mo 16n.
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5. KET LUAN

Nghién ctiu danh gid hiéu qua cac gRNA
trong chinh stia gen MSTN & phoi bo H'Moéng
bing phuong phap xung dién CRISPR/Cas9
dang RNP cho thay gRNA#4 cho hiéu qua t61 uu
v6i ty 1& phdi nang, ty 1& dot bién va ty 1& dot
bién hai alen cao nhat. Ngudc lai, phoi hop hai
gRNA lam gidm hiéu qud chinh stia va kha
niang phat trién phoi, cho thdy chién luge st
dung nhiéu gRNA can dugec cdn nhéc trong
chinh stia gen trén phoi bo. Két qua nghién ciiu
g6p phan lua chon dude gRNA t6i uu phuc vu
tao phoi bo HMong chinh stia gen MSTN, déng
thoi cung cap cd s6 thuc nghiém cho viéc phat
trién va ung dung cong nghé chinh stta gen trén
giéng bd ban dia ¢ Viét Nam.
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