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Abstract

In Vietnam, maize is one of the most important cereal crops that plays an important role in the national economy and food
security. Improving the maize yield, especially in local varieties has gained a lot of attention from scientists and breeders.
Recently, the CRISPR/Cas system has been considered as an effective and potential strategy. In this study, the promoter
region of the ZmCLE7 gene in local maize varieties was cloned and sequenced in Vietnam. The ZmCLE7 gene has been
known to regulate the kernel number per ear through controlling the IM activity. Based on the obtained sequences,
three on-targeted guide-RNAs (gRNA) were selected to induce mutations in the promoter of the ZmCLE7 gene in some
Vietnamese maize varieties. All three gRNA sequences were successfully ligated with the pPBUE411 gene transfer vector
to form the CRISPR/Cas9 system (pBUE-PrCLE?7). The pBUE-PrCLE7 gene editing system will be used for further gene
transformation to create targeted mutations on ZmCLE7 promoters of different Vietnamese maize varieties.
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NGHIEN CUU CHUYEN CAU TRUC CRISPR/CAS9 VAO GIONG NGO K7
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Nguyén Hitu Kién'', Nguyén Thi Hiép', Nguyén Thi Ngoc Minh', Nguyén Thi Liéu’,
Khudat Hitu Trung', D6 Tién Phat?, Doan Thi Bich Thao®, Nguyén Lé Trang*
TOM TAT

Cong nghé chinh stia gen CRISPR/Cas9 la mot budc dot pha quan trong trong sinh hoc va néng nghiép, cho phép
thay d6i gen tai bat ky vi tri ndo trong genome, md ra tiém néng cai thién cac déc tinh sinh hoc ctia cay trong. Tuy nhién,
hiéu qua ting dung cdng nghé nay trong cay trong, dic biét la ngd, phu thudc vao nhiéu yéu t6 nhu chung vi khudn,
mat d6 vi khuén va diéu kién nudi cdy. Nghién ctiu nay tap trung t6i uu héa quy trinh chuyén gen vao phoi non giong
ngd K7 thong qua vi khudn Agrobacterium tumefaciens mang cdu trac PZY102:GUS lam nén tang d€ chinh stia viing
promoter cua gen ZmCLE7 bang CRISRP/Cas9. Quy trinh bao gom: lay nhiém phoi 11 ngay sau thu phan véi dung
dich vi khuén (OD600 = 0,5) trong 30 phut, nu6i trén moi truong CCM 3 ngay, sau d6 chuyén qua moi trudng tao mo
seo ECM1, b6 sung 2 mg/L 2,4-D va 3 mg/L chét chon loc glufosinate trong 14 ngay. Tiép theo, phoi dugc nudi trén
moi truong ECM2 vé6i 6 mg/L glufosinate trong 14 ngay, roi chuyén qua SEM1, SEM2 va cu6i ciing la mai trudng RM
dé tao cay hoan chinh. Két qua PCR tii 6 cay song sot cho théy 1 ciy chiia gen Cas9 va 2 cdy chita gen Bar, minh chiing
kha ning chuyén ciu tric CRISPR/Cas9 vao giong ngd K7. Nghién ctiu nay dit nén tang quan trong cho viéc 4p dung
cong nghé CRISPR/Cas9 nhdm nang cao ning sudt, chét lugng va kha nang chéng chiu véi diéu kién bat 1gi & cay ngo.

T khoa: Cay ng6, giéng ng6 K7, chinh stia gen, ciu triic CRISRP/Cas9
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1. DAT VAN PE

Ngb (Zea mays L.) 1a mot loai cay ngti cd¢ quan
trong trén toan cau, chiém vai tro quan trong trong an
ninh luong thuc va phét trién kinh té. Nam 2022, san
lugng ngo toan cau dat hon 1,2 ty tén, trong d6 Hoa Ky,
Trung Qudc va Brazil la ba qudc gia san xudt hang dau,
chiém khodng 60% tong san lugng (FAO, 2023). Ngo
khong chi dugc sti dung lam thtic dn chan nuo6i (chiém
hon 60% t6ng san lugng toan cdu) ma con la nguyén
liéu quan trong trong nganh céng nghiép ché bién thuc
phém va nhién liéu sinh hoc, dong gop 16n vao gia tri
kinh t€ (Ngo Hiiu Tinh, 2009). O Viét Nam, ngo la
mot nguon thiic dn chin nudi chi luc, chiém 90% san
lugng st dung noi dia. Tuy nhién, do han ché vé ning
sudt, Viét Nam phu thudc nhiéu vao nhap khau ng6 dé
dap ting nhu cau. Nam 2022, Viét Nam nhap khau 11,4
triéu tdn ngo, tri gia 3,1 ty USD, tang so véi cac nam
trudc (Téng cuc Hai quan, 2023). Trong béi canh dan
s0 tang nhanh va tac dong ngay cang rd rét ctia bién doi
khi hau, nhu cau vé cac giong ngd c6 nang sudt cao va
kha néng chong chiu tét cang trd nén cap thiét.

Cong nghé chinh sta gen, ddc biét la hé thong
CRISPR/Cas9 (Clustered Regularly Interspaced Short
Palindromic Repeats/CRISPR-associated protein 9),
da tré thanh coéng cu quan trong trong nghién ctiu va
phat trién giéng cay trong. So véi cac phuong phap
chinh stia gen trudc day nhu Zinc Finger Nucleases
(ZFNs), Transcription Activator Like Effector
Nuclease (TALEN), CRISPR/Cas9 c6 tinh linh hoat
cao, dé 4p dung, chi phi thdp va hiéu qua vugt troi
(Ran et al., 2014). Nhiéu nghién ctiu trén thé giéi
da st dung CRISPR/Cas9 d¢€ cii thién cac dic tinh
ndng hoc ctia ngod, ti kha ndng chong chiu stress moi
trudng dén tang nang sudt va chat lugng hat.

sssssss

pzY102
11602 bp

ssssss

Gan day, cic nghién ctiu da tap trung vao viéc
chinh stia gen thudc nhém CLE (CLAVATA3/Embryo
Surrounding Region) ctia ng6, von dugc biét dén voi vai
tro diéu chinh sy phat trién ctia mo phéan sinh. Trong
do, gen ZmCLE7 nhan dugc nhiéu sy cha y vi kha ning
tac dong dén s6 lugng va kich thudc hat. Cac nghién
ctiu 6 Trung Quéc va Hoa Ky da st dung CRISPR/Cas9
d€ chinh stia viing promoter ctia ZmCLE?7, tao ra cac
bién thé giam biéu hién, dan dén ting ning suit hat ti
15 - 30% ma khong anh hudng tiéu cuc dén cac dic
diém nong hoc khac (Liu et al., 2021; Wang et al., 2023).

Viéc ting dung cong nghé nay vao cac giong ngd
ban dia cua Viét Nam nhu giong K7 khong chi gép
phéan nang cao nang suit ma con gitp giam phu thudc
vao nhép khdu, thuc ddy san xudt nong nghiép bén
viing. Do d6, nghién ctiu nay nham st dung CRISPR/
Cas9 d€ chinh stia viing promoter ctia gen ZmCLE7
thong qua vi khuén Agrobacterium tumefaciens, tao
nén tang cho viéc phat trién giong ngd cai tién & Viét
Nam, dap ting nhu cau cap bach vé an ninh luong
thuic va thic dn chan nu6i.

I1. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Vit liéu nghién ctu

Vat liéu thuc vat: Giong ngd K7 dugc st dung lam
vat liéu cho chuyén gen c¢6 ngudn goc tii Vién Nghién
ctiu Ngo dugc luu giti tai Bo mon Ki thuét Di truyén,
Vién Di truyén Nong nghiép.

Vat liéu vi khudn: Chung vi khuln A. tumefaciens
EHA105 mang vector PZY102 biéu hién gen GUS
va Bar dugc cung cdp boi Vién Cong nghé sinh hoc
va ching EHA105 mang vector CRISPR/Cas9 chtia
cac sgRNA cho chinh stia viing promoter ctia gen
ZmCLE7 va gen Bar, hién dang luu giii tai Bo mon Ki
thuat Di truyén, Vién Di truyén Nong nghiép.
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Hinh 1. C4u tric cac vector st dung trong nghién ctiu
Ghi chii: (A) Cdu triic vector PZY102, (B) cdu triic pCAS9/sgRNA-CLE7pro cho chinh stia viing promoter ciia gen ZmCLE7.
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2.2. Phuong phap nghién ctu

2.2.1. Ddnh gid dnh hudng cia tudi phoi ngo lay nghiém
vdi A. tumefaciens dén hiéu qud chuyén gen vao phéi ngo

Bép ngo cua giong ngd K7 sau khi thu phan 7,9, 11
va 13 ngay dugc thu va st dung cho thi nghiém. Cu thé,
bap ngd sau khi thu tién hanh loai bo 16p vo bén ngoai
va khtt tring bap bing dung dich nudc javen (NaClO)
3% c6 bd sung mot vai giot Tween-20 trong 20 phut, sau
do riia lai bang nudc cat khu trung 5 1an. Tiép theo, phoi
dugc tach tit cac bap ngo bang vat dung chuyén dung
trong diéu kién vo triing va ngdm phdi trong mai trudng
IM (MS co ban (Murashige & Skoog) b6 sung 68,5 g/L
sucrose, 36 g/L glucose, 200 mM acetosyringone (AS),
pH: 5,2) dén khi lay nhiém véi khuén.

Ching khudn A. tumefaciens EHA105 mang
vector PZY102 c6 chtia gen GUS dugc nuoi cdy
trén moi truong YEP ddc c6 chia khang sinh 25 mg/L
Rifampicin, 50 mg/L Spectinomycin va 50 mg/L
Streptomycin ¢ 28°C trong 2 - 3 ngay. Trudc khi bién
nap, khuin lac dugc lay tu dia YEP hoa tan trong
moi truong IM-AS long téi mat do OD= 0,5, nuoi
lac 100 vong/phut, 6 28°C 3 - 4 gi¢ dé€ tao dich huyén
phu vi khuén lay nhiém véi phoi ngd. B sung dich
khuin A. tumefaciens vao eppendorf 2 mL chtia
30 phdi non, lac 30 phat. Tiép theo phoi ngd dugc
tham kho va nuoi cdy 1én mai truong dong nudi cdy
CCM déc (MS co ban b6 sung 30 g/L sucrose, 0,4
g/L L-cysteine, 7 g/L Gellan-gum, 8,5 mg/mL Silver
nitrate (AgNO,), 200 mM AS, pH: 5,8) 3 ngay trong
toi ¢ nhiét do 20°C. Sau do, phoi ngd song sot dugc
sti dung cho phén tich hoat tinh GUS va thong ké s6
phoi ngd co biéu hién gen GUS.

Hoat tinh -glucuronidase (GUS) dugc phén tich
theo phuong phap ctia Kim va cong su (2006). Cac
phoi ngd dugc ngdm trong dung dich X- Gluc va lac
nhe & nhiét do 37°C trong 2 - 4 gio¢. Sau khi nhuom,
phoi dugc riia sach bang c6n 70% 3 1an, 5 phut/lan. Mo
seo biéu hién hoat tinh GUS ¢é mau xanh da trdi. Cac
thi nghiém dugc dugc bé tri ngau nhién hoan toan,
lap lai 3 1an; t6i thi€u 30 phoi/cong thiic/lan lap lai.
2.2.2. Danh gid danh hudng cia mat do A. tumefaciens
dén hiéu qud chuyén gen vao phoi ngo

Bép ngd sau khi thu phin 11 ngay dugc thu hoach,
bdc vo, kh trung, tach phdi va bao quan trong moi
truong IM-AS1ong. Dung dich vikhudn A. tumefaciens
dugc chuén bi trong moi truong IM-AS long véi cac cong
thic ¢6 gié tri OD,, 1 lugt 14 0; 0,25; 0,5 0,75 va 1.
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Phéi ng6 dugc lay nhiém véi vi khudn trong thoi gian
30 phut sau d6 dong nudi cdy trén moi trudng CCM
trong 3 ngay. Sau 3 ngay, phoi ngd séng sot dugc st
dung cho phan tich hoat tinh GUS (muc 2.2.1) va s6
mo seo ¢ thé biéu hién gen GUS dugc théng ké. Cac
thi nghiém dugc dugc b tri ngau nhién hoan toan,
lap lai 3 lan; t6i thiéu 30 mo seo/cong thiic/1an lap lai.

2.2.3. Ddnh gid dnh hudng ciia thoi gian lay nhiém dén
hiéu qud chuyén gen vao phéi ngo

Bap ngd sau khi thu phdn 11 ngay dugc thu
hoach, béc vo, khii trung, tach phdi va bao quan
trong moi truong IM-AS long. Dung dich vi khuédn
A. tumefaciens dugc chuén bi trong IM-AS long véi
gia tri OD_  dat 0,5. Phoi ng6 dugc lay nhiém véi
A. tumefaciens & cac cong thuic thdi gian 1an lugtla 15
phut, 30 phut, 45 phut, 60 phut. Tiép theo dong nuoi
cdy 6 CCM déc trong 3 ngay. Sau 3 ngay, phoi ngod
song sot dugc st dung cho phan tich hoat tinh GUS
(muc 2.2.1) va s6 mo seo co6 thé bi€u hién gen GUS
dugc thong ké cho phan tich. Cac thi nghiém dugc
b6 tri ngau nhién hoan toan, 1ap lai 3 lan; t6i thiéu 30
mo seo/cong thuic/lan ldp lai.

2.2.4. Ddnh gid anh huéng ciia thoi gian dong nuéi cdy
dén hiéu qud chuyén gen vao phoi ngo

Bip ngd sau khi thu phin 11 ngay dugc thu
hoach, béc vo, khii trung, tach phéi va bao quan
trong moi truong IM-AS long. Dung dich vi khuén
A. tumefaciens dugc chudn bi trong IM-AS long véi
gia tri OD_, dat 0,5. Phoi ng6 dugc lay nhiém véi
dich khuén trong thoi gian 30 phut sau d6 dong nuoi
cdy trén CCM déc véi cac cong thiic thoi gian 1an lugt
1a 1 ngay, 2 ngay, 3 ngay, 4 ngay va 5 ngay. Sau khoang
thoi gian & cac cong thiic, phoi ngd song sot dugc
st dung cho phén tich hoat tinh GUS (muc 2.2.1) va
ghi lai s6 mo seo co thé biéu hién gen GUS. Cac thi
nghiém dugc bd tri ngau nhién hoan toan, lap lai 3
lan; t6i thi€u 30 mo seo/cong thiic/1an lap lai.

Tt muc 2.2.1 dén 2.2.4, tinh hiéu qua tiép nhan gen
GUS (%) = (Tong s6 phdi biéu hién gen GUS/Tong s6
mau cdy trén moi truong dong nudi cdy) x 100%.

2.2.5. Hoan thién quy trinh chuyén nap cdu tric
CRISPR/Cas9 cho chinh siia ving promoter cua gen
ZmCLE7 vao giong ngé K7

Bép ngd sau khi thu phdn 11 ngay dugc thu
hoach, béc vo, khii trung, tach phdi va bao quan
trong moi truong IM-AS 1ong (muc 2.2.1). Khudn lac
A. tumefaciens EHA105 mang ciu truc CRISPR/Cas9
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cho chinh stia viing promoter ctia gen ZmCLE7 dugc
nudi cdy trén moi truong YEP ddc c6 chia 25 mg/L
Rifampicin va 50 mg/L Kanamycin. Ching khudn
EHA105 mang cdu trac PZY102 c6 chtta gen GUS
dugc sti dung dong thoi trong thi nghiém. Dung dich
vi khudn A. tumefaciens dugc chuén bi trong IM-AS
long nhu (muc 2.2.1) véi gid tri OD, dat 0,5. Phoi
ngd dugc lay nhiém trong 30 phut va ddng nuoi ciy
trén CCM dac (muc 2.2.1). Sau 3 ngay dong nudi cay,
phoi dugc ciy chuyén sang moi trudng nudi phuc hoi
ReM c6 nong do 2,4-D = 2 mg/mL & 28°C trong diéu
kién t6i. Sau 7 ngay nu6i phuc hoi, tat ca mo seo dugc
chuyén sang mai truong chon loc I (ECM1) ¢6 chiia
chat chon loc Glufosinate & nong d¢ 3 mg/L & 28°C
trong diéu kién t6i 14 ngay. D€ tang cuong ap luc chon
loc, tiép tuc chuyén mo seo sang moi trudng chon loc
IT (ECM2) vé6i nong do chét chon loc cao gap doi (6
mg/L) & 28°C trong tdi 14 ngay. Cac mo seo phoi hoa
tao thanh trén mai trudng ECM2, c6 mau vang sang
dugc cdy chuyén sang moi truong tai sinh I (SEM1)
¢6 b6 sung chat chon loc véi nong do tuong tu ECM2
va nudi trong t6i 28°C, 2 tudn. Sau d6 cdy chuyén tiép
sang moi truong tai sinh II (SEM2) khong b6 sung
chat chon loc d€ tai sinh choi, nudi trong diéu kién
chiéu sang 16 h/ngay & 28°C. Cay chuyén gen tai sinh
(co than, 1) dugc cdy chuyén sang méi trudng tao cay
hoan thién (RM - Méi truong ra ré), nudi trong diéu
kién chiéu sang 16 h/ngay & 28°C. Khi cay tai sinh
c6 2 - 314 va3 -4 ré dugc riia sach, trong ra gid thé
c6 ndp day kin trong 2 ngay va md ndp trong 5 ngay.
Cudi cling, ciy non dugc chuyén sang trong trong
chau dat 16n trong diéu kién nha kinh dén khi thu hat.

Cac chi tiéu theo doi:

- Ty 1é mau soéng sot & mai giai doan nudi cdy (%)
= (s6 mau s6ng sot sau mdi giai doan/tdng s6 mau
dua vao nuoi cdy ctia moi giai doan) x 100%.

-Tylé téisinh cy (%) = (s ciy tai sinh/ tong s6 phoi) x 100%

Ty 1é tao céy hoan thién (%) = (s6 cay hoan thién/
s0 cdy tai sinh) x 100%

2.2.6. Phin tich cdy chinh siia gen bang PCR

Mau 14 sau khi thu dugc sé bdo quan trong N,
long va Iuu gitt & - 80°C d€ st dung cho tach chiét
DNA t6ng s6. DNA dugc tach chiét va tinh sach theo
phuong phap CTAB (Hoisington, 1992) c6 cai tién
cho phu hgp véi diéu kién phong thi nghiém. Dé
kiém tra sy c6 mat ctia gen Bar, Cas9 trong cac cay
chuyén gen, cac mau DNA tong s6 dugc st dung cho
PCR v6i cac cdp moi ddc hiéu tuong ting (Bang 1)
bang Kit EZ PCR Mix-Tracking Dye (Cong ty sinh
hoéa Phti sa, Viét Nam) v6i thanh phéan phan ting: EZ
PCR Mix-Tracking dye va Buffer 2X : 25 uL, méi xudi
(10 uM): 1 pL, mdi ngugc (10 uM) : 1 uL, DNA téng
50: 2 uL, b6 sung H,O cho du thé tich phan ting 50 pL;
theo chu trinh: khoi dong néng 95°C 5 phut, 35 chu
ky (bién tinh 95°C 30 giay, gan mdi 57°C 35 gidy, kéo
dai 72°C 90 gidy), 6n dinh 72 °C 10 phut va gitt mau
4°C tuy thoi gian. Sau khi PCR két thuc, 10 pL dung
dich ctia m6i phan ting dugc stt dung dé€ dién di trén
gel agarose 1% cung v6i DNA marker (thang chudn).
Sau do, san phdm PCR dugc kiém tra dudi den UV,
chup anh, danh gia va tinh toan hiéu qua bién nap.

Bang 1. Céc cdp mdi st dung cho kiém tra sy c6 mit cua cac gen dich

STT Tén moi Trinh ty moi (5-3) Kich thudc (bp)
1 M-Bar-F AAGCACGGTCAACTTCCGTA 20
2 M-Bar-R GAAGTCCAGCTGCCAGAAAC 20
3 M-Cas9-F CTACCATCTGCGGAAGAAGC 20
4 M-Cas9-R CCAGGTCATCGTCGTATGTG 20

Hiéu qua bién nap (%) = (S6 cay duong tinh véi
PCR véi gen Cas9/S6 phoi bién nap) x 100%
2.2.7. Phuong phdp bé tri thi nghiém va xii 1y s liéu
MBbi thi nghiém dugc thuc hién véi t6i thiéu 200
phoi dau vao. Mdi cong thiic thi nghiém dugc 1ap lai
hoan toan ngau nhién 3 14n. Cac s6 liéu phén tich la
s0 liéu trung binh cong ctia cac lan theo doi. Cac s6
liéu dugc tinh todn bing phan mém EXCEL, phan
tich va xtt li s6 liéu bang phan mém Minitab.

2.3. Thoi gian va dia di€ém nghién ciiu
Nghién ctiu dugc thuc hién tii thang 06 dén thang
12 ndm 2023 tai BO moén Ki thuat Di truyén, Vién Di
truyén Nong nghiép.
I11. KET QUA VA THAO LUAN
3.1. Anh huéng ctia tudi phoi dén hiéu qua chuyén gen
vao giong ng6 K7 thong qua vi khudn A. tumefaciens
O Viét Nam, giéng ngd thuin K7 dugc nhiéu
nhém nghién ctiu st dung nhu giéng ngd mo hinh
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cho nghién ctiu chuyén gen do mét s6 uu diém: thoi
gian sinh trudng trung binh, it nhiém siu bénh hai,
1a me cia mot s6 t6 hop lai trién vong va c6 kha nang
tai sinh t6t (Ha Hong Hanh va cs., 2020; Luu Han Ly
va cs., 2018; Huynh Thi Thu Hu¢ va cs., 2022). Do
véy, giong ngd K7 dugc st dung lam vat liéu dé xay
dung quy trinh cho chinh stia viing promoter cua
gen ZmCLE7 bang CRISPR/Cas9. Trudc tién, mot s6
budc trong qua trinh bién nap dugc tién hanh t6i uu
dé phu hgp véi diéu kién phong thi nghiém hién c6.
Bang 2. Anh hudng ctia tui phéi ctia giong ngd K7
dén hiéu qua chuyén gen

Céng thiic ph](;‘i“:gé Ty 1¢ phéi biéu hién GUS (%)
1 7 10° + 3,33
2 9 18,89" + 1,93
3 11 28,89* £ 1.93
4 13 15,56° + 3,85

Ghi chii: S6 liéu trinh bay trong bdng la gid tri trung
binh ciia 3 ldn thi nghiém. Cdc trung binh cé cdc ki ty theo
sau khdc nhau thi khdc biét ¢6 y nghia thong ké (« = 0,05).

Trong nghién ctiu ctia Pham Thi Ly Thu va céng
su (2014), phoi non ngod tu 7 - 13 ngay sau thu phan
da dugc st dung dé€ chuyén nap gen qua vi khudn
A. tumefaciens. Nghién ctiu chi ra, tudi phoi va kich
thudc phoi anh huong dang ké dén hiéu qua bién nap
gen. Két qua nay pht hgp véi két qua nghién ctiu cta
Ishida va cdng su (2007) cho thiy, tudi phoi 9 - 12
ngay la ly tudng cho qua trinh chuyén gen tuy thudc
vao giong ngo. Do vay trong nghién ctiu nay, phoi
non ctia giéng ngd K7 & cac thoi diém 7, 9, 11, va
13 ngay sau thu phan dugc st dung cho thi nghiém
cho lay nhiém véi chiing khuidn EHA105 téi t6 hgp
c6 mang hé thong cau trac pZY102:GUS. Két qua &
bang 2 va hinh 2A cho thdy, cac cong thiic thi nghiém
sti dung phoi non ngo c6 tudi khac nhau c6 biéu hién
hoat tinh GUS khac nhau. Cu thé, ty 1¢ phoi biéu hién
hoat tinh GUS thdp nhat & CT1 10% c6 xu huéng
tang dan 6 CT2 va cao nhit 6 CT3 véi tudi phoila 11
ngay (28,89%). Tuy nhién sang dén CT4 thi ty [é phoi
biéu hién GUS lai gidm xudng con 15,56%, diéu nay
c6 thé€ 1a do tudi phoi & giai doan nay c6 kich thudce
16n va cang trudng thanh hon dan t6i kho tiép nhan
cdu tric chuyén gen hon so véi phoi & giai doan 9 -
11 ngay. Mot s6 nghién ctiu trén thé giéi da chi ra,
tudi phoi ngd st dung cho bién nap gen thong qua vi
khudn A. tumefaciens trong khoang 9 - 12 ngay tuy
thudc vao vét liéu di truyén cua tiing giong (Cody et
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al., 2017; Ishida et al., 2007; Jones et al., 2019). Qua
két qua nay, nhan thay tudi phoi ctia dong ng6 K7 1a
11 ngay sau khi thu phén la thich hgp nhét cho bién
nap gen thong qua vi khuén A. tumefaciens. Do vay,
phoi ngd 11 ngay tudi sau khi thu phin dugc st dung
cho cac nghién ctiu tiép theo.

3.2. Anh hudéng ctia mat do A. tumefaciens dén hiéu
qua chuyén gen vao phdi non cta giong ngoé K7

Tiép theo, d€ xdc dinh mét d6 vi khudn thich hgp
cho chuyén nap gen vao phoi non ngd ctia giéng ngod
K7, trong nghién ctiu nay chiing t6i da st dung nong
do OD_, _khac nhau dé tién hanh thi nghiém. Két
qua phéan tich biéu hién ctia gen chuyén GUS qua thi
nghiém nhudém X-Gluc (Bang 3 va hinh 2B) cho thay
rang mat do vi khudn A. tumefaciens c6 anh hudng
dang ké dén hiéu qua chuyén gen vao phdi non cta
giong ngo K7. Cu thé, sau giai doan dong nuoi ciy,
su khéc biét r6 rét vé mat do vi khuén gitia cac cong
thtic thi nghiém da dugc ghi nhan. Tuy nhién, mat do
vi khuén cao khong dong nghia véi hiéu qua chuyén
gen cao. Khi mat d¢ vi khuan (OD, ) ting, s6 phoi
biéu hién hoat tinh GUS giam dén, c6 kha nang do su
phat trién qua muc cta vi khuén lam giam stic song
ctia phoi, tit d6 lam giam hiéu qua chuyén gen.

Trong thi nghiém, cong thic CT3 véi mét do vi
khuin OD_, = 0,5 dat hiéu qua chuyén gen cao
nhit, khac biét ro rét véi cac cong thiic con lai. Két
qua nay goi y rang mat d6 OD,, = 0,5 la t6i uu
dé chuyén gen vao phoi non ctia giéng ng6 K7. Két
qua pht hgp véi nghién ciiu trude day ctia Nguyén
Véin Dong va cong su (2015), khi bién nap gen NF-
YB2 vao mot s6 dong ng6 Viét Nam véi méat do vi
khuén ti 0,5 dén 1, ciing nhu cac nghién ctu quéc
t€ nhu Hoerster va cong su (2020) va Kang va cong
su (2022), st dung mat d¢ vi khudn trong khoang
0D, = 0,5 dé dat hiéu qua bién nap gen cao.

600n:

Bang 3. Anh hudng ctia mat d¢ A. tumefaciens
dén hiéu qua chuyén gen

Cong thiic | OD_, [Ty l¢ phoi biéu hién GUS (%)
1 0 0
2 0,25 4.44°+1.93
3 0,5 22,22*+ 1,93
4 0,75 13.33> + 3,33
5 1 5,56+ 1,93

Ghi chii: S0 liéu trinh bay trong bdng la gid tri trung
binh ciia 3 ldn thi nghiém. Cdc trung binh c6 cdc ki ty theo
sau khdc nhau thi khdc biét c6 y nghia thong ké (« = 0,05).
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Viéc t6i uu hoa mat d vi khudn nén dugc két hop
v6i cac yéu t6 khac nhu thoi gian lay nhiém va dong
nudi cdy dé€ tang ty 1é biéu hién gen va stic song cua
phoi. Mét d¢ vi khudn dugc chon (OD_, = 0,5) sé
dugc ap dung cho cic thi nghiém tiép theo nhim dam
bao tinh nhat quan va hiéu qua cao trong nghién ctu.
3.3. Anh huéng ciia thoi gian lay nhiém dén hiéu
qua chuyén gen vao phéi non ngé cua giong K7
thong qua vi khuén A. tumefaciens

Dé xac dinh dugc thoi gian lay nhiém dat hiéu
qua cao nhat véi giong ngd K7 ching toi tién hanh
thi nghiém danh gia anh hudng cta thoi gian lay
nhiém dén hiéu qua chuyén gen véi cac cong thiic

khac nhau. Két qua thi nghiém (Bang 4 va Hinh 2C)
cho théy ty 1¢ biéu hién gen chuyén GUS thong qua
nhuém X-Gluc thdp nhdt & cong thiic lay nhiém 15
phtit (trung binh 8,89%). O cic cong thiic lay nhiém
30, 45 va 60 phut, ty 1¢ biéu hién GUS ting cao va
tuong duong nhau, trung binh tii 17% dén 20%. Dua
trén hiéu qua tuong tu nhung yéu ciu t6i uu hoa thoi
gian, cong thtic 30 phut dugc Iya chon cho cac thi
nghiém tiép theo. Két qua nay thong nhat véi mot s6
nghién ctu trudc day cho thdy thoi gian lay nhiém
khoang 30 phut la thich hgp cho chuyén gen vao
phoi non (Nguyén Vin Pong va cs., 2015; Ishida et
al., 2007; Kang et al., 2022).

Bang 4. Anh hudng ctia thdi gian lay nhiém dén hiéu qua chuyén gen

Cong thiic Thoi gian lay nhiém (phut) Ty 1¢ phoi biéu hién GUS (%)
1 0 0
2 15 8,89° + 3,85
3 30 20,00°=+ 3,33
4 45 17,78* + 3,85
5 60 18,89* + 1,93

Ghi chii: 86 liéu trinh bay trong bang la gid tri trung binh ctia 3 lan thi nghiém. Cdc trung binh co cdc ki ty theo sau

khdc nhau thi khdc biét c6 y nghia thong ké (a = 0,05).

A
tudi phéi ( ngay)

7®
s OO0

1.060 OO0

13 OO

>

Thai ‘gian (phut)

-
30 © OOOO

5 @OCO®
s0 ©OOOOOD

B
O D600nm

0.25() ¢
0.5 @@OQO@

0.75@@D» &

1@@ R

P~ 5 D 3 3
Thoigian (ngay)

2. @Y R

s @O0

s OFCHD

5 @OEOCDY

Hinh 2. Két qua danh gid anh hudng ciia mdt s6 yéu t6 dén hiéu qua chuyén gen vao phoi non ctia giong ngd K7

Chii thich: A, Biéu hién ctia gen GUS & phdi non tai cdc thdi diém sau phu phdn; B, Biéu hién ctia gen GUS & phoi
non vdi cdc nong do A. tumefaciens ldy nhiém khdc nhau; C, Biéu hién ctia gen GUS 6 phoi non véi cdc thdi gian ldy
nhiém khudn A. tumefaciens; D, Biéu hién ctia gen GUS & phéi non tai cdc thdi diém dong nudi cdy khdc nhau. Vong

tron mau do thé hién cdc phoéi biéu hién hoat tinh GUS.
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3.4. Anh huéng cta thoi gian dong nuoi cdy dén
hiéu qua chuyén gen vao phoi non cta giong ngo
K7 thong qua vi khudn A. tumefaciens

Dé danh gia anh hudng cta thoi gian dong nudi
cdy dén hiéu qua chuyén gen, cic thi nghiém lay
nhiém phéi ng6 & nong d¢ khuan OD_, = 0,5 va
thoi gian lay nhiém 30 phut dugc thuc hién, sau d6
dem dong nudi cdy trong méi trudng CCM dugc thuc
hién v6i cac cong thiic thoi gian lan lugt 1 ngay, 2
ngay, 3 ngay, 4 ngay va 5 ngay. Két qua phén tich biéu
hién ctia gen chuyén GUS béng thi nghiém nhu¢m X-
Gluc da ggi y rang thoi gian dong nuoi cdy c6 tac dong
dén hiéu qua chuyén gen vao phdi ngd cua cac giong
ngd thi nghiém. S6 phoi ngé bi€u hién hoat tinh GUS
& CT21a 10% va tang 1én 20% & cong thic 3. Tu CT3
dén CT5 c6 cung mot miic y nghia, ty 1é phoi biéu
hién tuong duong nhau khoang 20% - 21,11%. Ngoai
ra, phoi ngd & CT1, CT2 va CT3 c6 mau vang nhat,
sang mau hon so v6i phoi & cac CT4 va CT5 phdi ngd
6 biéu hién bi hoa vang nau & bé mat ngoai (Bang 5;
Hinh 2D). Dya trén hiéu qua tuong tu nhung yéu cau
t6i uu hoa thai gian, cong thiic 3 ngay dong nuoi cdy
dugc lya chon cho cac thi nghiém tiép theo. Hau hét
cac nghién ctiu khi chuyén gen vao phdi non ngd déu
cho théy thoi gian dong nuoi cdy 3 ngay giong nhu
két qua nghién ctiu ctia Nguyén Van Dong va cong su
(2015); Ishida va cong su (2007); Gu va cdng su (2021).

Cong thiic nay sé dugc thuc hién & nhiing thi nghiém
tiép theo.

Bang 5. Anh hudng ctia thoi gian lay nhiém
dén hiéu qua chuyén gen

Cong Thoi gian dong | Ty 1€ phoi biéu hién
thic nudi ciy (ngay) GUS (%)

1 1 0

2 2 10,00° + 3,33

3 3 21,11*+ 1,93

4 4 20,00°+ 3,33

5 5 21,11* £ 3,85

Ghi chii: S6 liéu trinh bay trong bang la gid tri trung binh
cua 3 ldn thi nghiém. Cdc trung binh co cdc ki ty theo sau
khdc nhau thi khéc biét c6 y nghia thong ké (a = 0,05).

3.5. Két qua chuyén nap ciu triic CRISPR/Cas9 cho chinh
stia ving promoter ctia gen ZmCLE7 vao giong ng6 K7
V6i cac thtt nghiém da néu trén, cac budc phu hgp
dugc lya chon d€ chuyén nap ciu tric CRISPR/Cas9
mang cac sgRNA cho chinh stia viing promoter cta
gen ZmCLE7 vao giong ngd K7 thong qua vi khuén A.
tumefaciens d€ thu dugc cac céy chinh stia gen nham
phuc vu cho cac thi nghiém tiép theo. Trong qua trinh
tién hanh chuyén cau trac CRISPR/Cas9 mang cic
sgRNA cho chinh stia viing promoter ctia gen ZmCLE7
cting dugc tién hanh song song ciing thi nghiém chuyén
céu truc vector pZY102 mang gen GUS (Bang 6; Hinh 3).

Bang 6. Ty 1é mau séng sot qua cac giai doan chuyén gen

Giai d S8 mau séng st va phat trién qua cic giai doan
ran doan pCas9/sgRNA-CLE7pro 916 (%) | PZY102:GUS | Ty 1é (%)
Phoi 200 100 200 100
Dong nudi cay (CCM) 199 99,5 199 99,5
Phuc héi (ReM) 195 97,99 198 99,5
Chon loc 1 (ECM1) 112 57,44 117 59
Chon loc 2 (ECM2) 59 52,68 64 54,7
Tién tai sinh (SEM1) 37 62,71 41 64,06
Tai sinh choéi (SEM2) 15 40,5 18 43,9
Téi sinh ré (RM) 11 73,33 15 83,33
Céy sbng sét trén gid thé 6 54 9 60
Céy song sot trong chau dat 2 33,33 4 40

Ghi chii: Ty 1¢ % mau song sot 6 moi giai doan nudi cdy dugc tinh theo cong thiic: (s6 mau sdng sot sau moi giai
doan/tong s6 mau dua vao nudi cdy ciia moi giai doan) x 100%.

Két qua bang 6 cho thdy, moéi ciu tric st dung
khoang 200 phoi d€ tién hanh chuyén gen véi ca 2
loai ciu tric va thu nhan nhu sau: Ty 1é phoi song sot
va phat trién ¢ mdi truong dong nudi cdy CCM va
moi truong nudi cdy phuc hoi ReM ctia 2 cau tric cao
> 97%. Sang giai doan chon loc mo seo chuyén gen ty
1é mo6 seo song sot giam ro rét, moi trudng chon loc 1
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cdu trac pCas9/sgRNA-CLE7pro giam con 57,44% va
cdu truc PZY102 giam con 59%, moi truong chon loc
2 tiép tuc giam con 1an lugt 1a 52,68% va 54,7%. Giai
doan tai sinh choi sau 4 tudn, s6 mo seo chuyén tu
mau vang nhat ddc trung cia mo seo sang mau xanh
la non dat ty 1é 62,71% va 64,06. Tuy nhién, trong d6
6 rét it s6 mo seo c6 thé tai sinh chéi thanh cong, ty
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1é xuét hién choi dat 40,5% va 43,9%. Quan sat sau
2 tudn cho thdy >73% s6 chéi hinh thanh bo ré day
du. Nhu vay, cac cay ngo K7 tai sinh tii mé seo dugc
chuyén cdu tric pCas9/sgRNA-CLE7pro va PZY102
da dugc tao ra thanh coéng. Hiéu sudt tai sinh dat
trung binh 5,5% va 7,5% tinh trén téng s6 phoi ban

pZY102

pCas9:sgRNA-
CLE7pro |3

CCM ReM

dau. Dua céy téi sinh tu diéu kién nudi cdy in vitro
ra gid thé va chiu dat cho thdy ty 1é cdy hoan thién
tuong do6i khong cao, lan lugt la 33,33% (ciu tric
pCas9/sgRNA-CLE7pro) va 40% (cdu tric PZY102).
Két qué nay cho théy cac thi nghiém chuyén gen vao
cay ng6 K7 véi ty 1¢ thanh cong kha thép.

Béu dit

Hinh 3. Cac budc chuyén nap ciu tric CRISPR/Cas9 cho chinh stia viing promoter ctia gen ZmLE7
va cdu tric PZY102 vao giong ngod K7
Chii thich: CCM, méi trudng dong nudi cdy; ReM, mdi trudng phuc héi, ECM1-ECM2, moi trudng tao callus c6 bd
sung glufosinate; SEM, moi trudng tao choi va kéo dai choi; RM, méi trudng ra ré.

3.6. Két qua danh gia hiéu qua chuyén nap cau tric chinh
stia gen CRISPR/Cas9 vao giong ngo K7 bang PCR

Sau két qua bién nap, 15 mau cdy chuyén cu tric
chinh stia gen CRISPR/Cas9 va cdu truc chuyén gen
PZY102 & giai doan gid thé dugc thu nhén, tuy nhién
chi thu nhén dugc 6 cdy con s6ng khi chuyén ra dét.
Cac cay dugc trong va chdm sdc trong nha ludi 10 - 14
ngay thi thu mau 14 d€ st dung cho tach chiét DNA
tong s6. L4 clia 6 mau tli 6 dong riéng biét (2 ciy clia
cau tric CRISPR/Cas9 cho chinh stia promoter cua
gen ZmCLE7 va 4 céy cua cau trac PZY102) dugc st
dung cho tach chiét DNA t6ng s6 cuing v6i cac mau la
ctia cdy d6i chiing khong chuyén gen K7 theo phuong
phap trinh bay trén. Két qua dién di va do nanodrop
cho thdy chét lugng DNA t6ng s6 sau khi tach tu cac
dong chuyén/chinh stia gen ZmCLE7 t6t, c6 d¢ tinh
sach cao, dam bao chat lugng cho phan tich PCR.

1 2 3 4 5 M

* 250 bp
* 100 bp

A

Céac mau DNA t6ng s6 tiép tuc dugc st dung dé
kiém tra sy c6 mat ctia gen Cas9 d6i véi cdu tric
CRISPR/Cas9 cho chinh stia promoter ctia gen
ZmCLE7 va gen Bar d6i vé6i ciu truc PZY102 trong cac
cay T bang PCR nhu trinh bay & hinh 4. Két qua PCR
kiém tra sy c6 mét ctia gen Cas9 & 2 cay ngo chinh
stia viing promoter ctia gen ZmCLE7 thdy chi ¢ 1 cay
duong tinh véi cu tric pCas9/sgRNA-CLE7pro. Két
qua PCR kiém tra sy c6 mat ctia gen Bar & 4 cay ngod
chuyén gen thdy c6 2 cay duong tinh ciu trac pZY102.
Qua két qua PCR gen Cas9 va Bar tii céc cay T, cho
thdy, giong ngd K7 déu c6 kha nang tiép nhan cau tric
chuyén/chinh stia gen nhung hiéu qua bién nap chua
dugc cao < 1%. Do vay, d€ nang cao hiéu qua chuyén
gen thi cin t6i uu hoan thién mot s6 budc d€ phu hgp
hon véi diéu kién phong thi nghiém.

B

Hinh 4. Két qua ki€m tra sy c6 mat ctia gen chuyén/ chinh stia gen 6 cac cay ngo T
Ghi chii: A: Sy 6 mdt ciia gen Cas9 6 cdc cdy ngo T, sau khi chuyén cdu triic chita sgRNA- ZmCLE7. Ghi chii: (1) cdy doi chiing khong
chuyén gen giong K7; (2,3) cdc dongngo T chuyén cau trilc - pCAS9/sgRNA-CLE7pro; (4) plasmid ciia ciia pCas9/sgRNA- CLE7pro; (5)H,0;
M: CSI-MDNA-IKBPLUS; B: St c6 mat cua gen Bar 6 cdc cay ngd T, sau khi chuyén cdu triic PZY102. Ghi chil: 17-20: cdc dong ngd T, chuyen
cdiu triicPZY10; 21: cdy d6i chiing khong chuyén gen giong K7 (-) H, 0; (+): plasmid ciia cdu triic pZY102; M: CSI-MDNA-1KBPLU. Us,
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IV. KET LUAN
Xay dung dugc quy trinh chuyén ciu tric CRISPR/Cas9
qua vi khuén Agrobacterium tumefaciens vao phoi non
cua giong ngd K7. Quy trinh nay bao gom cac budc
xt ly cu thé tii lay nhiém vi khudn, nuéi cdy trén cac
moi trudng chon loc va phat trién, dén viéc tao cay
hoan chinh. Két qua phan tich PCR cho thay kha nidng
chuyén gen thanh cong véi cdy mang gen Cas9 va gen
Bar. Nhiing két qua nay cung cdp co s& quan trong
dé ing dung cong nghé CRISPR/Cas9 trong chinh stia
gen, hudng t6i viéc cai thién nang sudt, chat lugng, va
kha ning chong chiu ctia cay ngd déi véi diéu kién bat

lgi va sdu bénh.

LOI CAM ON
Day la mot phan két qua nghién ctu cta dé tai
“Nghién ctiu ting dung céng nghé chinh sta gen
CRISPR/Cas9 lam ting s6 hang hat cua giong ngo
Viét Nam” thu¢c Chuong trinh: D€ an phat trién cong
nghiép sinh hoc nganh néng nghiép dén nam 2030,
do B¢ Nong nghiép va Phat trién Nong thon quan ly.
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Introducing the CRISPR/Cas9 construct into maize variety K7 for editing the promoter region
of the ZmCLE7 gene

Nguyen Huu Kien, Nguyen Thi Hiep, Nguyen Thi Ngoc Minh, Nguyen Thi Lieu,
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Abstract

The CRISPR/Cas9 gene-editing technology is a significant breakthrough in biology and agriculture, enabling precise
modifications at any location within the genome and offering potential improvements to the biological traits of
crops. However, the efficiency of applying this technology in crops, particularly maize, depends on various factors
such as bacterial strain, bacterial density, and culture conditions. This study focuses on optimizing the gene transfer
process into immature embryos of the K7 maize variety using Agrobacterium tumefaciens carrying the PZY102:GUS
construct, providing a foundation for editing the promoter region of the ZmCLE7 gene with CRISPR/Cas9. The
process involves infecting embryos 11 days after pollination with a bacterial solution (OD600 = 0.5) for 30 minutes,
culturing on CCM medium for 3 days, then transferring to ECM1 medium supplemented with 2 mg/L 2,4-D and 3 mg/L
of the selective agent glufosinate for 14 days. Subsequently, the embryos are cultured on ECM2 medium with
6 mg/L glufosinate for 14 days, followed by SEM1, SEM2, and finally RM medium to develop complete plants. PCR
analysis of six surviving plants revealed that one plant contained the Cas9 gene and two plants carried the Bar gene,
demonstrating the successful integration of the CRISPR/Cas9 construct into the K7 maize variety. This research
establishes an essential foundation for applying CRISPR/Cas9 technology to enhance yield, quality, and resistance to
adverse conditions in maize.
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THIET KE CAU TRUC CRISPR/CAS9 BAT HOAT GEN SBEIIb G LUA BAC THOM 7
Phung Thi Thu Huong', Nguyén Hiiu Kién', Cao Lé Quyén', Pham Xuan Hoi', Nguyén Duy Phuong"

TOM TAT

Ngii c6c ¢6 ham lugng amylose (Amylose Content-AC) va tinh bot khang (Resistant Starch-RS) cao mang lai
nhiing lgi ich tiém ndng cho stic khoe con ngudi. Gen SBEIIb (Starch Branching Enzyme IIb) bi€u hién cht yéu &
hat lta, tham gia vao qud trinh sinh tdng hgp amylopectin trong néi nhi hat, dugc xac dinh ¢ vai tro quan trong
trong viéc xac dinh cdu tric min va cac dic tinh vat ly ctia tinh bot. Trong nghién ctiu nay, doan gen SBEIIb da dugc
phan 1ap tit DNA t6ng s6 ctia giong lta chu luc Bac Thom 7 (BT7). Dua trén két qua giai trinh ty doan gen SBEIID,
trinh tu crARN dé dugc thiét ké va cheén vao vi tri Bsal trén vector trung gian pENTR4. Toan bd cdu tric biéu hién
sgRNA (single guide ARN) nhan biét dac hiéu SBEIIb da dugc dua vao vector chuyén gen thuc vat pCas9 dé tao ra
hé thong CRISPR/Cas9 bat hoat gen dich. Nghién ctiu nay la co s& cho viéc tao ra giong lia BT7 c6 AC cao bang
cong nghé chinh stia gen ¢ Viét Nam.

T khoa: Chinh stia gen, giong lia Bac thom 7, ham lugng amylose, CRISPR/CAS9

1. PAT VAN PE

Amylose 1a mot trong hai thanh phéan tinh bot
chinh trong hat gao, khong dugc tiéu hoa trong da
day hodc rudt non ma di thing dén rujt gia. Viéc
sti dung gao c6 AC cao gitp cai thién stic khde con
ngudi, lam giam nguy co mac cac bénh tim mach,
tiéu duong va mot s6 bénh nhu ung thu rudt két va

truc trang... Ngoai ra, giong lta c6 AC trong hat gao
cao c6 ham lugng tinh bot dé tiéu (amylopectin)
thdp, pht hgp v6i nhiing ngudi dang & ché do an
kiéng. St dung gao c6 AC cao dang trd thanh mot
xu hudng ctia xa hoi hién dai, dac biét la cac loai gao
c6 mui thom (Regina et al., 2006; Sun et al., 2017).
Chinh vi vay, nghién ctiu cai tién ting AC cho cac
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