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Tém tat. Antisense oligonucleotides (ASOs) dugc xem nhuw cong cu day tiém ning trong nghién ctu
chttc nang gen va cac nghién ciru tng dung ASOs trén hé thuc vat van con han ché tai Viét Nam.
Nghién cttu nay danh gia tdc dong ciia ASO trén cay laa (Oryza sativa) thong qua kha nang tic ché gen
CHLD, gen ma héa mot tiéu don vi ctia enzyme Mg—chelatase sinh tong hop chlorophyll. Cac ASOs
duoc tdng hop dudi dang trinh tu gdc va dang bién d6i hdéa hoc phosphorothioate (PS). ASOs dugc xte
ly cho cay lta 4 ngay tudi bang phwong phap phun 14 véi nong dd 100 pmol/mL. Céc chi tiéu hinh thai
va sinh hdéa duogc theo ddi tai cac thoi diém 3, 7 va 14 ngay sau xtt ly. Két qua cho thdy xt ly ASO lam
giam ham luong séc t8 14 va chidu cao cay tai 3 va 7 ngay. Cu thé, ham luong chlorophyll a giam 52—
72%, chlorophyll b giam 47-73%, carotenoid giam 50-71% va chiéu cao cay giam 17-32%, trong khi su
phat trién ctia ré khong bi anh huong déng ké. Céc két qua nay cho thay ASOs c6 kha nang tic ché gen
CHLD va anh huong dén qua trinh tich lity chlorophyll 6 cay lua, goi y tiém nang ting dung ASOs nhw
mot cong cu trong nghién cttu chirc ndng gen va ki€m soat bi€u hién gen trén cay trong.
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Abstract. Antisense oligonucleotides (ASOs) are emerging as a promising tool for functional genomics
research, particularly in the regulation of gene expression. In Viet Nam, however, studies on the
application of ASOs in plant systems remains limited. This study aimed to evaluate the effects of ASOs
on rice (Oryza sativa) by targeting the CHLD gene, which encodes a subunit of Mg-chelatase involved
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in chlorophyll biosynthesis. ASOs were synthesized in both unmodified and chemically modified
phosphorothioate (PS) forms. Rice seedlings at four days after germination were treated by foliar
spraying with ASOs at a concentration of 100 pmol/mL. The effects of ASO treatments were assessed at
3, 7, and 14 days after application based on leaf color, plant morphology, plant height, root length, and
the contents of chlorophyll a, chlorophyll b, and carotenoids. The results showed that ASO-treated
plants exhibited a marked reduction in leaf pigment contents and plant height at 3 and 7 days after
treatment. Specifically, chlorophyll a content decreased by 52-72%, chlorophyll b by 47-73%, and
carotenoids by 50-71%, while plant height was reduced by 17-32% compared with the control. In
contrast, root development was not affected by ASO application. These findings demonstrate that
ASOs can effectively suppress CHLD gene-associated phenotypes, highlighting their potential as a tool
for gene expression control and functional gene analysis in crop plants.

Keywords: Antisense Oligonucleotides (ASOs), chlorophyll, phosphorothioate, CHLD subunit

1 Mo dau

Céc chudi ngén nucleotide d8i ma
(Oligonucleotide antisense — ASOs) c6 kha nang
tac dong truee ti€p 1én mRNA ma khong lam thay
déi trinh tw b gen nén duoc xem la cdng cu giup
nghién cttu chirc nang va diéu hoa bi€u hién gen.
ASOs ¢6 tinh linh hoat cao phu hop véi nhiéu ting
dung y hoc va nong nghiép. Trong y hoc, ASOs
duoc tng dung d€ diéu tri cac bénh di truyén,
ung thu va r6i loan than kinh bang cach tic ché
hodc chinh sita RNA lién quan dén bénh [1].
Trong nghién ctu vé thuc vat, ASOs gitp cai
thién nang sudt cay trong nhu gay tc ché vi
khuan gay bénh trén cay cam (Citrus), cay khoai
tady va ca chua, va chong lai sy lay nhiém cta
[2-4],

tang kha nang chong chiu voi diéu kién moi

virus dén cay thudc 1la (N. benthamiana)

truong khac nghiét va kéo dai thoi gian bao quan
nong san ma khong can dén bién doi gen (non —
GMO) trén dwa ludi va ca chua [5-8]. Mdc du
ASOs dugc st dung kha phd bién trong cac
nghién ctru trén thé gidi nhung ¢ Viét Nam van
chua c6 nhiéu nghién ctru dwgc cong bo.

Lua gao (Oryza sativa) la loai ngli cdc duwoc
st dung dé lam Iwong thiec pho bién trén thé gidi.
Nang sudt va chéat lwgng hat laa la van dé quan
tam ctia qud trinh san xuat va tiéu thu lta gao.
Qua trinh quang hop gitp cay trong sinh truong
va tich 1ty chét dinh dudng. D€ hoat dong quang

hop dién ra thuan 1i, cac sic t6 quang hop trong
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la 1a khong thé thiéu, ddc biét la chlorophyll, mot
loai sac t6 thiét yéu tham gia vao qua trinh quang
hop ¢ thuc vat. Qud trinh tao chlorophyll trén
thue vat 1a mot chudi cac phan tng phtic tap,
trong d6 c6 chu trinh gén ion magie vao tam hoat
dong cta protoporphyrin IX thanh Mg -
protoporphyrin IX, mot tién chat quan trong trong
chu trinh sinh tong hop chlorophyll [9,10]. Phan
tng do6 xay ra khi c6 sy xtic tac ciia enzyme Mg —
chelatase, day 1a enzyme duoc cdu tao tir ba ti€u
don vi (CHLD, CHLI va CHLH) [11-13]. Trong s6
do, tiéu don vi CHLD (MeCHLD) déng vai tro
cht chét trong cdu hinh cta enzyme, khi trinh ty
cua MeCHLD bi bién doi thi Mg - chelatase
khong duoc hinh thanh [9,14-16]. Tt d6, sic t§
chlorophyll khéng dwoc tao ra lam suy giam qua
trinh quang hop. Gen CHLD duoc lya chon lam
muc tiéu d€ thr nghiém kha nang tac dong cua
ASOs trinh
chlorophyll (do tinh trang dé quan sat va dé do

léen qua suy giam tong hop

dac) c6 lién quan dén chiic nang gen CHLD.

Trong nghién cttu nay, bon doan ASOs
duoc thiét k€ ¢ hai dang: Oligo trinh tu gbc va
bién d6i hdéa hoc dang phosphorothioate (PS),
nhdm tc ch& gen CHLD. CAc chi tiéu vé hinh thai,
chiéu cao cay, chiéu dai ré va ham luong cac sac
t6 (chlorophyll a, chlorophyll b va carotenoid)
duoc ghi nhan dé€ danh gid hiéu qua tec ché.
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2 Vatliéu va phuwong phap

2.1 Vatliéu

Giong laa OM18 ngutén gdc tix Vién lua
Pbng bang song Ctru Long.

Nghién cttu duwoc thuc hién tai phong thi
nghiém gidng cay trong, Vién Cong nghé Sinh hoc
va Thye phadm, Pai hoc Can Tho.

Céac doan ASOs duoc san xuét tai cong ty

c6 phan Phu Sa Genomic.

22 Phuwong phap

Thiét ké Antisense Oligonucleotides

Céc phéan tit ASOs duoc thiét ké v4i do dai
21 va 27 nucleotide sit dung cong cu RNAi design
-1DT.

Xt Iy ASOs trén cay laa

Thi nghiém bao gom 5 nghiém thitc (NT): 4
NT ASOs: Oligo 3 (03), PS-Oligo 3 (PS3), Oligo 4
(O4), PS-Oligo 4 (PS4) va NT d6i chiing nudc.
Trong lda vao vi nhua chita 90 cay cho mdi NT.
Cay phat trién dén 4 ngay tudi (cao 2 — 3 cm) duoc
phun tryc tié€p ASOs véi nong do 100 pmol/mL
cho timg NT, tan sudt phun 2 lan/ngay (mdi lan
phun 15 mL) tién hanh lién tuc trong 14 ngay.

Péanh gid danh huéng cia ASOs 1én chiéu cao,
chiéu dai ré va ham luong sic t6 14

Chiéu cao cay va chiéu dai ré dugc do bang
thude ké tai cac thoi diém 3, 7 va 14 ngay sau xt
ly, mdi nghiém thitc do 30 cay laa trén mot thoi
diém. Chiéu cao cay dwgc do tir hat laa dén dau
ngon 13, chiéu dai ré duoc do tir hat lua dén dau

ngon ré.
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Hinh 1. Hinh minh hoa cach do chiéu cao cay va chiéu
daire

Phuong phap ly trich va do ham lugng sac
t0 trén la theo phuong phap cia Sumanta va cong
su [17]: Can 50 mg la laGa tuoi cho vao dng thuy
tinh. Thém 5 mL ethanol 95% va u trong bé &n
nhiét 60 °C trong 1 gio. Do d6 hap thu ctua dich
chiét sic t6 14 & 4 budc séng 470, 649, 652 va 664
nm. Ham lwong chlorophyll a, b va carotenoid
dwoc tinh toan dya trén cong thirc cia Sumanta

va cong su [17]:
Ch-a=13,36 * A664 — 5,19 * A649 (Chlorophyll a)
Ch-b =27,43 * A649 - 8,12 * A664 (Chlorophyll b)

Cx + ¢ = (1000 * A470 - 2,13 * Ca- - 97,63 * Cb)/ 209
(Carotenoid). Dung dich ethanol 95% duwgc st
dung lam d6i ching.

Phuong phap xt 1i s6 liéu

S0 liéu dugc thu thap véi 3 lan lap lai, phan
tich phwong sai mot nhan t6 va phan tich hau
kiém véi phép thi Tukey HSD 6 murc y nghia p <
0,05. Cac gia tri duoc biéu dién duwéi dang gia tri

trung binh va d¢ léch chuan.

3  Két qua va thao luan

3.1 Trinh tw Antisense ligonucleotides

Cac doan ASOs da duoc thiét ké va tong
hop d€ bd sung voi trinh tw gen muc tiéu CHLD
cua Oryza sativa Japonica group (ma sO truy cap
GenBank la LOC4334537). Trong bai nghién cttu
nay, ASOs duoc tong hgp ¢ 2 dang: dang trinh tu
goc va bién do6i hoéa hoc dang PS. Bién d6i PS
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duoc st dung rong rai trong nhiéu nghién cttu c6
nhiém vu bao vé ASOs khoi cac enzyme nuclease,
trong d6 enzyme exonuclease hoat dong manh
nhét & dau 3’ [18]. Bién dbi PS & dau 3’ hodc ca hai
dau 3’ va 5" lam han ché su phan huy cta enzyme
exonuclease [19] Theo nghién cttu ctia Pleskot va
cong swt, ASOs duoc bién ddi PS ¢ 4 nucleotide
dau tién tai dau 3’ va 5 cho thay hiéu qua tic ché
lén NtPLD1 hodc NtPLD® lam suy giam sy phat
trién 6ng phan cay thudc 1a [20] Ngoai ra, theo

Ding va cdng s, bién d6i PS tai 3 nucleotide dau
tién mdi dau 3, 5 va cac nucleotide pyrimidine &
gitra thé hién kha nang tGic ché dang ké cia ASOs
lén cay lua mi [19]. O nghién ctiru nay, cc doan
ASOs dwgc bién d6i hoa hoc dang PS sé cd 5
nucleotide & dau 3’ va 5 dwgc bién ddi (Bang 1).
Sau khi thit nghiém két qua tec ché gen CHLD dat
hiéu qua dang ké dén su tong hop chlorophyll,

lam cho mau la bi la mau (Hinh 2A).

Bang 1. Trinh tw cac oligo va oligo dugc bién d6i hda hoc duoc st dung trong nghién ctru.

Chiéu dai
STT ASO GC% ASO (5'-3)
(nucleotide)
1 Oligo 3 (03) 29 TATCAATAACAAGAAGTGAAATTCCAG 27
2 PS-Oligo 3 (PS3) 29 T*A*T*C*A*ATAACAAGAAGTGAAATT*C*C*A*G* 27
3 Oligo 4 (O4) 45 CTTGTCATGGAAGCTATACGCGG 20
4 PS-Oligo 4 (PS4) 45 C'T*T*G*T*CATGGAAGCTATAC*G*C*G*G* 20

Ghi chii: *: vi tri nucleotide dwoc bién doi héa hoc PS

3.2 ASOs tic dong dén sy ting truong cua

cay laa

ASOs c6 kha nang gay tic ché hiéu qua trén
mot s6 loai thuc vat tuy theo ndng dd sit dung va
si dap tng trén ting loai thuc vat, cac nghién
cttu cho thdy nong do ASOs phu hop 1a 30 pM &
Agapanthus umbellatus [21], 20 uM & Arabidopsis
thaliana [22], 30 uM & Nicotiana tabacum [20], 10
UM & Nicotiana benthamiana va 10 uM & Triticum
aestivum [19]. Theo Mizuta va cong su, nong do
ASOs qua cao sé gay anh huong tiéu cuc dén cay
[22] Thit nghiém 6 néng d¢ 0,1 uM (100 pmol/mL)
ASOs c¢6 kha ndng tdc dong lén su tich lay
chlorophyll trén la théng qua chttc niang gen
CHLD. Do st dung nong d0 cao va nhiéu dang
cau tao hoa hoc khac nhau cuia c4c trinh ty ASOs
dan dén gia tang chi phi cho dich vu tdng hop héa
chit nén thi nghiém khao sat trudc d6 da duoc
thuc hién danh gia ASOs & cac nong do 0,05 pM,
0,1 uM va 0,2 pM. Két qua cho thdy ¢ nong d6 0,1
UM c6 su tdc dong lén qua trinh suy giam tich lay
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chlorophyll trén 14 lta t6t hon nong d6 0,05 uM
va twong duong néng d6 0,2 uM. Trong nghién
ctu nay, nong do ASOs 0,1 uM tiép tuc dugc s
dung dé€ thuc hién x ly va do dac cac chi tiéu
theo ddi. O giai doan dau caa thi nghiém (thoi
diém 3 va 7 ngay sau xu ly), tdc dong cua ASOs
lén cay lta duwoc quan sat rd nét nhung dén ngay
thit 14 sau x@ ly nong d6 0,1 uM khong cho thdy
tac dong ro rang. Diéu nay c6 thé do giai doan
dau cay lta con nho va tan suat phun xit nhiéu
nén kha nang chiu tdc dong ctia cdc ASOs cao
hon, du c6 su¢ tac dong lén kha nang tich lay
chlorophyll nhung hiéu qua chura triét d& dan dén
cay ltia van tiép tuc tang truong. Kéo dai thoi gian
xtt Iy ASO dan dén giam tac dong 1én qud trinh
tong hop va tich lity chlorophyll. Cu thé, mau sac
la lta va chiéu cao cay laa gitta cac nghiém thiic
déu khong thé hién su khac biét (Hinh 2).

Su xam nhdp cua cac doan antisense vao t&
bao thyc vat dé dang hon so véi t& bao dong vat.
C6 mot s6 cach dé cac doan ASOs di chuyén vao

t& bao thuwc vat: thdm thdu, xam nhap qua khi
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khong va sit dung hé théng phan phdi hat sinh
hoc (gene gun) [5]. Nghién cttu st dung phuwong
phép phun dung dich ASOs truc tiép lén la lua
non cho ty 1é 14 bi tia vang va cup ngon chiém dén
20% va 26,7% & nghiém thirc O3 vao cac ngay tha
3 va 7. O céc nghiém thitc PS3 ngay thie 3, O4
ngay thit 3 va PS3 ngay thit 7 cho ty 1€ lan luot la
13%, 10% va 10%. Ngoai ra, tit ca cdc nghiém thtrc
duoc xtr ly ASOs tai 3 thoi diém 3, 7 va 14 ngay
déu co6 ty 1é 100% 14 bi tia vang so voi nghiém
thitc d6i chiing van xanh t3t [19] (Hinh 2A).
Ngoai ra, kha nang tc ché cua ASOs con

duoc biéu hién qua cac thong s6 chiéu cao cay va
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chiéu dai ré. O cac nghiém thic xtr Iy ASOs, chiéu
cao cdy giam 0 tai hai moc thoi gian 3 va 7 ngay
sau xir ly: NT O3 (18% va 32%), NT PS3 (28% va
17%), NT O4 (24% va 20%) va NT PS4 (29% va
18%). Tuy nhién, khéng cé suw khac biét dang ké
gitta cdc nghiém thirc ¢ ngay thit 14 (Hinh 2B).
Chiéu dai ré ghi nhan cho thay su khéc biét khong
cd y nghia gitra cac nghiém thitc 6 ngay 7 va ngay
14, ttr d6 cho thay su tac dong cua ASOs lén gen
CHLD khdng anh huéng dén chiéu dai ré cay lda
(Hinh 2D).
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Hinh 2. Anh hudng ctia xtt 1y ASOs nong d 100 pmol/mL 1én cac chi tiéu hinh théi va sic t6 14 cay lta qua cac giai
doan khao sat T3 (3 ngay sau xtt ly), T7 (7 ngay sau xt ly) va T14 (14 ngay sau xtt 1y). (A) Hinh thai cay lua & thoi
diém 7 ngay sau xtt ly ASOs, (B) Chiéu cao trung binh do tit g6c dén choép la qua cac giai doan T3, T7 va T14, (C)

Chiéu dai ré trung binh qua céc giai doan T3, T7 va T14, (D) Ham luong chlorophyll 4, (E) Ham luwong chlorophyll b

va (F) Ham lugng carotenoid qua cac giai doan T3, T7 va T14. Cac nhém bi€u d6 thanh ¢6 cung ky tw di kem khéng

¢6 su khac biét y nghia théng ké (ki€ém dinh Tukey & mutc y nghia p <0,05). Thanh sai s6 thé hién d¢ 1éch chuan (S.D.)
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3.3 Biéu hién cua sac td la

Sau 3 ngay xtt ly ASOs, tat ca cac nghiém
thire xtt ly déu c6 ham lwgng chlorophyll a thap
hon so véi d6i ching, cu thé PS3 giam 60%, PS4
giam 72%, O3 giam 67% va O4 giam 65%. Tuong
te 0 ngay 7, cac nghiém thirc PS3, PS4, O3 va O4
c6 ham luong chlorophyll giam so véi d6i ching
lan lwot 1la 52%, 64%, 64% va 65% (Hinh 2D), cho
thdy mitc d6 trc ché déng k& ctia ASOs dén sic t&
la. Ngoai ra, ham Ilwong chlorophyll b va
carotenoid cling c6 xu hudng twong tir, kha nang
tec ché cua ASOs dén gen CHLD c6 tac dong dang
ké dén cac thanh phan sic t§ 1a (Hinh 2E va 2F).
Ham luong chlorophyll b bi ttc ché tix 47 — 73% &
thoi diém 3 ngay sau xtt ly va 54 — 67% 6 ngay thi
7; ham luong carotenoid giam tir 64 — 71% sau 3
ngay va 50 — 62% sau 7 ngay xtit ly ASOs. Tuy
nhién, s6 liéu ghi nhan tai tat ca cac nghiém thic
sau 14 ngay xit ly khac biét khong c6 y nghia
thong ké so véi doi ching. Nong do ASOs di vao
trong t€ bao c6 thé khong dat ndong do tic ché nén
tdc dong khong con rd rét. Piéu nay cing goi y
kha ndng tng dung kiém sodt sw biéu hién gen
theo giai doan thoi gian hodc vi tri tac ddng dé tac

dong lén tinh trang muc tiéu.

4  Kétluan va kién nghi

Két qua nghién cttu nay cho thdy ASOs c6
thé tic dong lén su tong hop va tich lay
chlorophyll trén cay lta. Xt ly ASOs 6 nong do
100 pmol/mL lam giam ham luong sac t&
chlorophyll a tit 52 — 72%, chlorophyll b tir 47 —
73%, carotenoid ttr 50 — 71% va chiéu cao cay ttr 17
—32%. Xt ly ASO khong cho thdy tac dong 1én su
phat trién chiéu dai ré. Trong cac bién ddi héa hoc
ASOs duoc st dung, chuwra quan sat dwoc sy khac
biét dang ké gitra hai loai ASO Oligo 3 va PS —
oligo 3, Oligo 4 va PS — oligo 4. Mac du da ghi
nhéan duoc su tac dong cta ASOs 1én su tong hop

va tich liiy chlorophyll trén cay lta ¢ giai doan
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som thong qua gia dinh ASOs tac dong lén hoat
dong cta gen muc tiéu CHLD nhung cac két qua
do dac truc truc tiép suw biéu hién cua gen nay &
murc mRNA hodc protein chuwa duoc cung cdp va
giai quyét thdu dao. Twong tu, nghiém thic doi
chitng dwong sit dung ASOs ngau nhién va tac
dong trung tinh lén tinh trang muc tiéu chuwa
duoc st dung dé€ thdy rd rang tic dong cua céc
ASOs thtr nghiém. Can mo rong cac thi nghiém bo
sung d€ lam rd hon tac dong cua ASOs mot cach

truc tiép 1én sy hoat ddng cua cac gen muc tiéu.

Nghién cttu nay c6 thé duoc xem nhu bao
cao mo dau tai Viét Nam chiing minh kha nang
ung dung ASOs nhu mét cong cu khong bién doi

gen trong nghién cttu chitc nang gen ¢ cay laa.
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