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Tom tat. NbWRKY79 1a mot nhan t6 phién ma thuée ho WRKY, duoc chimg minh c6 vai trd quan trong
trong su dé khang véi stress man & thuc vat thong qua con duong tin hiéu lién quan dén abscicic acid
(ABA). Tuy nhién, vai trd cia NbWRKY79 ddi v6i su phat trién ciia thuc vat chua dugc xac dinh. Trong
nghién ctru nay, sy biéu hién ctia gene NOWRKY79 & md hinh cay thudc 14 Nicotiana benthamiana da dugc
lam giam bang k¥ thuat cAm ling gene cam tng boi virus (VIGS). Sy sinh trudng ctia cdy thude 14 co gene
VIGS-NbWRKY79 suy giam rd rét vé chiéu cao, khéi lwong tuoi, kich thudc 14 so voi cay dbi chiung. Su
giam biéu hién ciia NDWRKY79 ciing din dén sy han ché phat trién cua hoa hat. Dic biét, sy tich tu gbc
oxy hoa tu do (Reactive oxygene species — ROS) gia tang ¢ ¢ 14 cdy VIGS-NbWRKY79 va ctr dong ctia khi
khau 14 giam rd rét khi xir 1y bang ABA ngoai sinh. M6 s¢o nudi cay in vitro tir manh 14 cay giam biéu hién
NbWRKY79 hau nhu khong tai sinh sinh chdi. Nhitng két qua ctia nghién ctru di cho thiy vai tro quan trong
ciia NDWRKY79 d6i v6i nhidu qua trinh phat trién cta thuc vat.

Tir khéa. NbDWRKY79, sy cam ling gene cam tng boi virus, cdy thude 14 Nicotiana benthamiana, su phat
trién, gc oxy hoa tu do

FUNCTIONAL CHARACTERIZATION OF NbWRKY79 IN PLANT
DEVELOPMENTAL PROGRAMS BY VIRUS-INDUCED GENE SILENCING

Abstract. NbWRKY?79, a transcriptional factor belonging to the WRKY family, plays important roles in
salt stress responses related to abscicic acid (ABA) pathway in the plant. However, the functional
characteristics of NoWRKY79 in plant development have not been investigated yet. In this study, the
expression of NbWRKY79 in Nicotiana benthamiana tobacco plants was reduced by virus-induced gene
silencing (VIGS). The growth of VIGS-NbWRKY79 tobacco plants was significantly decreased in height,
fresh weight, and leaf size compared to the control plants. Especially, reactive oxygen species (ROS)
accumulation was increased in leaves of VIGS-NbWRKY79 plants but not in the control plants. Reducing
of NbWRKY79 expression in the tobacco plants also led to a limit in flower development and seed
production. The stomata closure in leaves was significantly decreased under exogenous ABA treatment.
The calli, which were generated from leaf segments of VIGS-NbWRKY 79 almost, did not generate shoots.
Taken altogether, the results suggested the important roles of NoWRKY79 in many development processes
in plants.

Keywords. NbWRKY79, virus-induced gene silencing, Nicotiana benthamiana tobacco plant,
development, reactive oxygen species (ROS)

1. GIOI THIEU

Cac nhan t6 phién ma 1a thanh phan chii chdt trong nhitng con dudng truyén tin hiéu ¢ thyc vat trong su
phat trién va dap tmg vi tac - dong tir mo1 truong. Trinh ty gene ma hod cac nhén t6 phién ma dinh vi tai vi
tri phia trudc gene ma n6 klem soat sy biéu hién. WRKY 13 nhom nhén t6 phién mi c6 sb luong gene 16n
nhat so véi cac nhém nhan t6 phién mé khéc, v6i 104 gene & lta va 74 gene & Arabidopsis [1]. Tét ca cac
protein WRKY dugc dac trung béi 1 hodac 2 WRKY domain véi trinh ty amino acid WRKYGQK c6 tinh
bao ton cao tai dau N va mot cau triic motif ngon tay kém C2-H2 (zinc-finger motif C2-H2) tai ddu C. Phén
tich phat sinh loai dua trén s6 luong WRKY domain va dic diém cua céu trac zinc-finger phan chia cac
protein WRKY thanh 3 nhom I, II va IIL. Protein WRKY gin véi yéu t6 W-box (TTGACC/T) tai vang
promoter cua gene dé diéu hoa tang hay giam biéu hién cia gene & cap do phién ma [2]. Gan day co nhiéu
bang chimg cho thiy nhén té phién md WRKY tham gia trong su diéu hoa duong hodc &m dbi véi cac
hormone va dap tng véi cac stress vo sinh hodc hiru sinh & thyuc vat [3, 4, 5, 6]. Mot s6 nghién ctru ciing
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cho thdy WRKY giif vai tro quan trong trong su phat trién ré& va kiém soat thoi gian ra hoa [7]. Trong nghién
clru trude clia ching t6i, gene ma hoa nhén té phién md NbWRKY79, phan 1ap tir cay thudc 14 mo hinh
Nicotiana benthamiana, da dugc chirng minh gilr vai tro quan trong trong sy dap Gmg vdi stress man thong
qua con dudng tin hiéu lién quan dén ABA. Phan tich trinh tu gene da xac dinh NDWRKY79, chira mot
WRKY domain va mdt zinc-finger motif C2H2, thuéc nhém WRKY II. Ddng biéu hién véi protein phat
huynh quang vang (yellow flourescent protein-YFB) d xac dinh NbWRKY79 hién dién trong nhan té bao.
Ngoai ra, phan tich promoter bang k¥ thuat nhuém GUS (B-glucuronidase) cho thdy NDWRKY79 biéu hién
manh trong dinh sinh trudng chdi va ré, hé théng mach dan & ré, gin va phién 14, va cac bo phan cua hoa
[8]. Miic du vy, chua c6 nhiu nghién ciru dé xac dinh chic ning cia WRKY néi chung va NDWRKY79
n6i riéng trong cac qua trinh phat trién & thuc vat.

Su cam lang cua gene cam ung boi virus (Virus-induced gene silencing-VIGS) la ky thuét dugc su dung
phd bién dé nghién ctru chirc ning gene ¢ thue vat, dac biét dbi voi cac loai kho tao thé chuyén gene 6n
dinh. K¥ thuat VIGS dua trén co ché dé khang virus thong qua RNA interference (RNAI) ¢ giai doan sau
phién mi & thyc vat. D6i v6i gene muc tiéu can phén tich chirc nang, mot trinh tur khoang 200-800 bp duoc
phan lap va tao dong vao vector TRV (Tobacco rattle virus) da mang gene c6 ngudn goc tur virus. Vector
tai t6 hop sau khi dugc bién nap vao té bao thuc vat, trinh tu gene (trinh ty chi dan) cua gene muc tiéu s€
dugc khuéch dai cting v6i gene cua virus va sé kich hoat hé thong kiém soat biéu hién gene sau phién ma,
V01 vai tro trung tdm cua phirc hop gay cam lang RNAi (RNAi silencing complex-RISC). Dya trén trinh ty
chi dan, phtre hop RISC s€ do tim va phén cit cac RNA dugc tao thanh tir qué trinh phién ma cua gene muc
tiéu dan dén lam giam sy bleu hién & cap d6 dich mi ctia gene muc tidu. Véi su suy giam muc do biéu hién
gene cua gene muc tiéu can phan tich trén cay VIGS khi so sanh véi cay ddi ching sé& cho nhimg nhan dinh
vé chirc ning cua gene [9]. K§ thuat VIGS di duogc ap dung dé phan tich chirc ning ctia nhiéu gene nhu
Comt, pAmt, va Kas ¢ 6t, lead va GRX1 ¢ cdy ca chua, Sall va Eral ¢ laa mi [10, 11].

Trong nghién ciru nay, k¥ thudt VIGS duoc su dung dé lam giam mirc d6 biéu hién ctia gene ma hod nhan
t6 phién ma NbDWRKY79 ¢ cdy thude 1a (Nicotiana benthamiana). Nhiing thay doi trong qua trinh phat trién
ctia cdy cho thdy vai tro quan trong cia NbWRKY79 dbi véi su phat trién cua thuc vat.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1 Vit liéu nghién ctru

Hat cay thudc 14 Nicotiana benthamiana dugc ngam véi dung dich KMnO4 0.1% trong 30 phut va rira sach
bang nudc trude khi gieo vao dét Cac chau trong cdy dugc dit trong phong nudi cdy ¢ nhiét do 28°C,
quang ky 16 gio sang va 8 gio t61i, cuong do anh sang 100 uE/m?/s. Cay dugc tudi nude hang ngay va duge
bon phan sau moi tudn. Cay 2 tudn tu01 dugc sir dung cho cac thi nghiém VIGS. Xt 1y ABA duoc thuc
hién bang cach phun dung dich ABA ndng d6 50 uM Ién 14 cay.

2.2 Phuong phap nghién ciru

2.2.1 Ky thuat cam ling gene cam wng béi virus (VIGS)

Vector VIGS bao gdm Tobacco rattle virus plasmid 1 (pTRV1; pYL192) va pTRV2 (pYL156) duoc sir
dung cho nghién ciru chiic ning gene bang k¥ thuat VIGS theo md ta cua Liu et al. (2002) [12]. Dé tao
vector pTRV2-NbWRKY79, mot phén doan 300 bp cua gene NbWRKY79 cay thudc 1a dugce khuéch dai
bang ky thuat PCR v6i cdp mdi NbWRKY79-VIGS chura trinh tw nhén biét ciia enzyme cat gi6i han EcoRI
dau 5 ctia moi xubi va BamHI dau 3’ ciia mdi nguoc (Hinh 1). San pham PCR duoc cit dong thoi véi
enzyme EcoRI va BamHI va dugc tao dong vao vector pTRV2 dugc cit ciing bai hdn hop 2 enzyme EcoRI
va BamHI. Plasmid tai t6 hop pTRV2-NbWRKY79, plasmid pTRV2 khoéng mang gene va plasmid TRV1
dugc bién nap riéng biét vao vi khuan Agrobacterium tumefaciens GV3101 dung ky thuat dién bién nap
trén may BTX ECM630 (Harvardapparatus, MA, Hoa Ky) véi dién ap 1.500 voltage. Vi khuan mang
plasmid dugc chon loc trén moi truong Luria-Bertani (LB) agar chira 50 pg/mL khang sinh kanamycin. Su
hién dién cta phan doan gene NbDWRKY79 trong vi khuin Agrobacterium tumefaciens duogc kiém ching
bang ky thuat PCR khuén lac v6i cap mdi NDWRKY79. Céc ching vi khuan mang vector pTRV1, pTRV2
va pPTRV2-NbWRKY79 duoc tang sinh riéng biét trén moéi treong LB long chira 50 ug/mL khang sinh
kanamycin & nhiét 46 28°C trong 18 gio. Sinh khdi cac chung vi khuén duoc thu nhin bang ly tdm & tdc
d6 8.000 rpm trong 2 phut ¢ nhiét do phong va dugc tai huyén phi vao dung dich dém 2-(N- morpholino)
ethanesulfonic acid (MES) pH 5,0 c¢6 nong d6 10 mM, chira 10 mM MgCl, va 200 uM acetosyringone, dén
ODsoonm bang 2, dé kich hoat hé gene vir trén cac plasmid pTRV. Sau 3 gid & nhiét d6 phong, dung dich vi
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khuan chta plasmid pTRV1 va pTRV2- NbWRKY79 hoic pTRV1 va pTRV2 dugc phéi tron theo ti 16 can
bang va dugc tiém nhidm vao mat dudi cia la cay thudc 1a 2 tuan tubi bang 6ng tiém syringe ImL khong
dang kim tiém [12, 13]. Cay thudc 14 sau tiém nhiém vi khuan duoc day bang thi nilon dé gitr 4m va dit &
phong sinh trudng c6 nhiét d6 28°C, quang ky 16 gio sang:4 gio t6i, cuong d6 anh sang 5000 lux. Sau 3
tuan, cdy VIGS dugc str dung cho cac nghién ctru tiép theo.
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Hinh 1: Céu truc vector VIGS pTRV1 va pTRV2-NbWRKY 79 sir dung trong nghién ctru. Phan doan 300 bp cua
gene NbWRKY79 duogc tao dong vao vector pTRV?2 tai vi tri cat boi EcoR1 va BamHI

2.2.2 Phan tich biéu hi¢n gene NDWRKY79 bing k§ thust RT-PCR va realtime PCR
RNA tbng sb tir mo 14 cua cdy thudc 14 VIGS va cay thudc 1a déi chung duoc tach chlet dung bo kit
GeneJET RNA Purification Kit (Thermo Scientific, Hoa Ky) theo quy trinh ctia nha san xuét va tlep tuc
tuc xur 1y bang enzyme DNase I (Promega, Hoa Ky) dé loai bo hoan toan DNA. Nong d6 RNA tong sb thu
nhén dugc xac dinh bang may quang pho Biophotometer Plus (Eppendorf, Hoa Ky) voi pCuvette™ G1.0
(Eppendorf, Hoa Ky). Miu RNA tbng s c6 nong do khoang 2 pg/ul, véi ODasorzs0 V& ODasors0 > 2 duoc
phién ma nguoc thanh cDNA dung bd kit Maxima Reverse Transcriptases (Thermo Scientific, Hoa Ky).
Su biéu hién ciia gene NDWRKY79 dugc phan tich bang phuong phap PCR ban dinh lugng trén may
Eppendorf Mastercycler nexus (Eppendorf, Hoa Ky) v&i chu ky nhiét theo trinh ty: bién tinh mach ban dau
¢ 94°C trong 90 gidy phut; lap lai 30 chu ky nhiét (94°C trong 30 giay, 52°C trong 30 giay, 72°C trong 30
gidy); hoan tat kéo dai mach & 72°C trong 10 phut Tong the tich ctiia phan tmg PCR la 20 pL chira 2 uL
cDNA (nong d6 100 ng/pL) va 4 uL cho mdi mdi xudi va moi nguoc cua gene NDWRKY79 ¢6 nong do 1
uM. San pham PCR duoc kiém tra bang dién di trén gel agarose nong d6 1,5%. Gene NbEF1-a (Nicotiana
benthamiana Elongation factor 1) dugc str dung lam gene ndi kiém ham luong RNA cin bang ¢ cac mau
nghién ctru (Bang 1).
Pinh Iugng su biéu hién cua gene NbDWRKY79 dugc thuc hién bé“mg k¥ thuat realtime-PCR dinh lugng
(quantitative realtime-PCR) trén hé théng LightCycler® 96 System (F. Hoffmann-La Roche, Ptrc). Tong
thé tich ctia mdi phan tmg realtime PCR dinh lwgng 12 20 uL, bao gom Maxima SYBR® Green/ROX qPCR
Master Mix (Thermo Scientific, Hoa K3), khuén cDNA va mét cip primer dugc thiét ké dic hiéu véi nong
do sau cung la 0,4 UM (Bang 1). Chu trinh chay phan ing bao gém 10 phat ¢ 95°C, 40 chu ky gbm 95°C
(15 giay) va 60°C (1 phat). Muc biéu hién tuong ddi dugc chuan hoa bang cach sir dung gene NbEF1-a
lam gene noi kiém. Pé kiém tra san pham duoc khuéch dai, phan tich duong cong nong chay (meltlng
curves analysis) dugc thuc hién & diéu kién 95°C trong 15 gidy, 60°C trong 1 phut va 95°C trong 15 gidy.
Tuong quan biéu hién gene giita cac nghiém thirc so voi dbi chimg dugc xéc dinh bang phuong phap 224
theo mo ta cua Livak (2001) [14].

Bang 1: Trinh tu nucleotide cac mdi sir dung trong nghién ciru

Tén moi Trinh ty m6i xudi (5°-3”) Trinh ty m6i ngugce (5°-3”) Ngudn
NDWRKY79-RT PCR  CTCCTAACGGTTCAGATGATGG  GATGCAGAGGATGTTCTGTCC [8]
Coat protein GTTCAGGCGGTTCTTGTGTGTC  TTACCGATCAATCAAGATCAG []
NbEF1-a TGTCCCCATCTCTGGTTTCG ~ AATCTGGTCAAGAGCCTCAAGAA  [8]
Eg\gR KY79-realtime - s AGAAACATGTAAAAG CACAATTTCTGTTATCTG CNH%hr'lzg‘/
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2.2.3 Nhudm in situ ROS

Su tich tu ROS bao gom H,0, va Oy trén 1a cay thude 1a sau xir Iy ABA dugc nhudm tuong img bang dung
dich 3,3’-diaminobenzidine (DAB; Sigma, MI, Hoa Ky) (pH3,8) co néng dd 1 mg/mL va nitroblue
tetrazolium (NBT; Sigma, ML, Hoa Ky) c6 ndng d6 0,5 mg/mL pha trong dém potassium phosphate 10 mM
(pH 7,8) b6 sung 10 mM NaNs. Quy trinh nhuém duoc thuc hién theo phuong phap cua Thordal-
Christensen et al. (1997) [15]. La cay sau khi nhudm in situ dwoc tdy mau bang ngdm trong con sdi trong
5 phdat.

Sy tich tu ROS trong té& bao khi khau duoc xac dinh bang nhudém l4 ciy thudc 14 trong dung dich 5-(6)-
chlormethyl-2°,7’-dichlordi-hydrofluorescein diacetate, acetyl ester (CM-Hz DCF-DA) (Invitrogen, Hoa
Ky) noéng d6 10 uM trong 15 phut. Tin hiéu huynh quang do su tich tu cua ROS trong té bao khi khau duoc
Quan sat bang kinh hién vi huynh quang Olympus 53X (Olympus, Nhat Ban) voi bo loc huynh quang xanh
luc tai bude song 500-530 nm. Anh huynh quang dugc chup bing camera Olympus DP73 (Olympus, Nhat
Bén).

2.2.4. Xac dinh ham lugng chlorophyll

Ham luong chlorophyll trong la duoc xac dinh theo phuong phap duge mé ta boi Li et al. (2018) [16] véi
mdt vai diéu chinh. La tuoi dugc nghién thanh bot min trong nito 16ng bang 001 chay str. Chlorophyll tir
0,1 g bot mo 14 duoc chiét ngay véi 1 ml dung dich acetone 80% lanh. Dich ni, thu nhan sau ly tam 6 toc
d6 10.000 vong/phiit trong 5 phut, dugc xac dinh do hip thu ¢ bude sdng 665nm va 649nm dé tinh toan
ham lugng chlorophyll.

2.2.5. Nudi ¢y mé in vitro

Sy tai sinh co quan trong nudi cdy in vitro tir manh mé 1a anh huong boi VIGS duoc thy hién nhu mé ta
boi Anand et al (2007) [17] va Lee et al. (2011) [18]. Céc 14 phia trén tir cdy thudc 14 6 tuan tudi véi cac 14
bén dudi da duoc tiém nhiém VIGS duoc thu nhan va khir tring bé“mg dung dich NaOCl 5% c6 bd sung vai
giot Tween-20 trong 5 phut. Sau khir triing, 14 duoc trang bang nudc cat vo tring 3 1an, mdi lan 5 phut. La
vo tring dugc cit thanh nhimg manh nhé 1 cm? va duoc nudi cdy trén moi trudng MS (Duchefa Biochemie,
Haarlem, Ha Lan) bo sung 3% dudng sucrose, 0,8% agar va chat diéu hoa sinh truong, gdm 0,1 pg/ml 1-
naphthaleneacetic acid (NAA) and 1 pg/ml 6-benzylaminopurine (BA), & pH 5,9 va nhiét do 25°C.

2.2.6. Phwong phap xir 1y s6 liéu

Céc nghién ciru duoc thuc hién lip lai 3 1an, két qua trinh bay 1a trung binh cong + SD. S6 liéu nghién ciru
duge xtr Iy so sanh bang phan mém ké SPSS Statistics 20 (IBM, Hoa Ky) v&i gia tri P-value < 0,05.

3. KET QUA VA THAO LUAN

3.1 VIGS-NbWRKY79 lam giam sy biéu hién ciia gene NDWRKY79 & cay thude 14

Sau 3 tuan duoc tiém nhiém vi khuan Agrobacterium tumefaciens chira vector VIGS-NbWRKY79, 14 non
moéi hinh thanh & phia trén, tai vi tri cach 14 dugc tiém nhiém 2 14, duoc thu nhan va tach chiét RNA dé
kiém tra sy biéu hién cua gene NDWRKY79. Hinh 2A cho thiy c6 su hién dién cua gene coat protein (CP)
ma hod protein tao vo virus hién dién ¢ ca cay VIGS va cay tiém nhlem boi vi khuan mang vector pTRV
khong chira gene (PTRV-vector control). Gene CP la gene thiét ké san trén vector pTRV2 nam ¢ vj tri  phia
trude gene muc tiéu. Két qua ndy chimg to vector VIGS da dugc tao dong thanh cong vao cdy thudc 14.
Hon nita, két qua dién di san pham PCR & Hinh 2B cho thiy su biéu hién ctiia gene NDWRKY79 & cay VIGS
giam rd rét so v6i cdy ddi chimg va cdy tiém nhiém vi khuan chira vector pTRV2 khong mang gene. Phan
tich realtime PCR cho thiy twong quan biéu hién ciia gene NOWRKY79 & ciy VIGS chi bang khoang 11%
so v6i cdy dbi chimg va cdy pTRV-vector control.
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Hinh 2: Két qua phan tich sy biéu hién cta gene NOWRKY79 ciia ciy thude 14 Nicotiana benthamiana. (A) Pién di
san pham PCR gene coat protein va NDWRKY79. Gene NbEF1-a dong vai trd 1a gene ndi kiém ham lugng RNA can
bang & cac mau phan tich. (B) Tuong quan biéu hién ciia gene NoOWRKY79 giita cay VIGS-WRKY 79 so v6i cdy ddi

chimg va cay pTRV-vector control. (*) Su khac biét c6 y nghia thong ké & mirc p-value<0,05

Mirc do sy suy giam biéu hién gene dudi tac dong ciia VIGS thay d6i tuy thudc vao loai va co quan cia
thue vat. Muc giam 34% cua biéu hién gene kiém soat qua trinh phat trién r& boi VIGS di dugc ghi nhan
& cay thude 14 [19]. Ngoai ra, su suy giam biéu hién gene boi VIGS 1én dén hon 50% va kéo dai hon 2 nim
dugc ghi nhan & cay thudc 1a va cay ca chua [20]. Trong nghién ciru nay, biéu hién cta gene NDWRKY79
da giam hon 80% so véi d6i chimg & 14 cay chi 3 tuan sau VIGS.
3.2 Su giam biéu hién ciia NDWRKY anh hwéng dén s sinh truéng cia ciy
Sau 3 tudn dugc tiém nhiém vi khuan Agrobacterium tumefaciens mang vector VIGS-NbWRK Y79, su sinh
truong ctia cdy VIGS-NbWRKY79 cham hon rd rét so v6i cdy dbi ching va cay pTRV-vector control.
Khéng c6 su khac biét giita cdy dbi chung va cdy pTRV-vector control, chimg to su tiém nhiém vector
PTRV khong mang gene khong anh hudng dén sy sinh truong cua cay (Hinh 3A, B). Nguoc lai, chiéu cao
ctia cay VIGS thap hon gan 50% va khdi lugng twoi thap hon 70% so voi cay dbi chimg va cay pTRV-
vector control (Hinh 3C).
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Hinh 3: Anh huong cua sy giam biéu hién gene NDWRKY79 dén sinh truong cua cay thuég la Nicotiana
benthamiana. (A) Cay thudc 14 2 tuan tudi trude khi thye hién VIGS. (B) Cay thuoc 14 sau 3 tuan thyc hién VIGS.
(C) Chicu cao va khoi lugng tuoi cua cay sau 3 tuan VIGS. (*, #) Su khac biét c6 ¥ nghia thong ké & mirc p-
value<0,05

Cay VIGS mic du van tiép tuc tao cac la m61 nhung sy sinh truong cua la rat cham (Hinh 4A). Kich thudc
14 cta cdy VIGS nh6 hon dang ké so vdi cay doi ching (Hinh 4B). La ¢6 hinh dang bat thuong véi nhieu
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phan nhin cuon & phién 14. Pic biét, khi phan tich ham lu:orng chlorophyll trong 14 cho thay co su thap hon
dang ké, gan 50%, so véi ciy dbi chung (Hinh 4C). Sy giam biéu hién cia NDWRKY79 boi VIGS con anh
hudng nghiém trong dén su phat trién cua hoa. Hoa cua cdy VIGS nho va khong phat trién bau noan nén
céc co quan hoa nhu canh hoa, nhuy duc khong phat trién tiép tuc dén truong thanh va lui sém (Hinh 4D).

) VIGS-
Déi chimg NbWRKY79
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Hinh 4: Anh huong ctia sy giam biéu hién gene NDOWRKY79 dén cac co quan sinh dudng va sinh san cua cay thude 14
Nicotiana benthamiana. (A) Céy thudc 1a sau 5 tuan thuc hién VIGS. (B) La thi 1 (bén trai) va tht 2 (bén phai) tinh
tur 14 dugc tiém nhlem vector pTRV-NbWRKY79 trén cay VIGS va la tuong Ung trén cay dbi chimg. (C) So sanh
ham lwong diép luc t6 (chlorophyll) trén ciy VIGS va cdy d6i chimg. Chiéu cao va khi lwong tuoi ciia cay sau 3 tudn
VIGS. (*) Su khéc biét c6 ¥ nghia théng ké ¢ mirc p-value<0,05. (D) Hoa trén cdy ddi chimg va cdy VIGS

Chtre ning cua cac WRKY gene trong su sinh trudng va phat trién d duoc chimg minh trong nhiéu nghién
ctru. Co ché tac dong ciia WRKY rét phirc tap, ca ¢ dang tac dong dwong hodc 4m, tuy thudc vao qué trinh
sinh trudng va phét trién. C6 3 WRKY gene & I0a, OSWRKY24, OsWRKY51 va OsWRKY71, duoc xé4c dinh
giit vai trd quan trong trong su sinh truéng cua cdy thong qua con dudng tin hiéu kiém soat boi chit didu
hoa sinh trudng thue vat [21, 22, 23]. Trong d6, OSWRKY51 va OSWRKY71 c6 tac dong 4m ddi véi con
duong tin hiéu cua giberellin (GA) trong su sinh tong hop enzyme a- amylase o 16p aloron hat lua.
OSWRKY24 c6 tac dong am ddi véi ca con dudng tin hidu ciia GA va ABA d6i v6i qua trinh nay. Nghién
clru cua Yu et al. (2016) da xac dinh gene WRKY71 ¢ Arabidopsis thaliana c6 vai tro quan trong trong su
ra hoa. Sy trc ché biéu hién gene WRKY71 dya trén k¥ thudt RNAi va dot bién knock-out loai bo chirc nang
gene WRKY71 déu din dén sy ra hoa cham & cdy nghién ctru, da x4c dinh vai tro hoat hoa sy ra hoa som
ctia WRKY71 [7]. WRKY12 va WRKY13 ciing duoc ching minh c6 vai trd ddi nguoc trong trong trung gian
diéu khién su ra hoa bai GA & Arabidopsis thaliana trong diéu kién ngay ngén [24]. WRKY12 ¢6 hiéu qua
tac dong duong trong khi WRKY13 tac dong 4m ddi voi qué trinh ra hoa. Trong nghién ciru ciia Zhou et al
(2016) khi phén tich toan b ho gene WRKY & cdy dau tdy da cho thay 3 gene FYWRKY4, FVWRKY46 va
FVWRKY48 c6 tac dong duong trong sudt qué trinh phat trién cua qua. Cac WRKY khac nhu FVWRKY53,
FVWRKY55 va FYWRKY70 tac dong am trong qua trinh phat trién cua 14 [25]. Ngoai ra, mot phan tich toan
b hé gene khac dugc thuc hién boi Sun et al. (2020) 6 cay kiéu mach (Fagopyrum tataricum) da xac dinh
¢6 9 gene lién quan dén su phat trién ctia qua [26]. Trong nghién ctru hién tai, gene NbWRKY79, khi duoc
lam giam biéu hién da anh huéng dén su sinh truong cua cdy va sy phat trién cta hoa, da cho thy vai tro
clia n6 trong sy sinh trudng va phat trién.

3.3 VIGS-NbWRKY79 lam gia ting sw san sinh ROS ¢ 1a

Géc tu do oxy hoa ROS gia ting san sinh khi ciy dap tmg véi cac tin hiéu stress tir moi trudng hodc cac
khiém khuyét trong qua trinh phat trién. Géc t do oxy hoa nhu H,0, va O, san sinh trong l4 cy thudc 1a
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Nicotiana benthamiana duoc nhudm in situ 1an lugt bang DAB va NBT. DAB bj oxy hoa bdi H20; tao sin
pham c6 mau nau t6i [15]. NBT bi khir bdi Oy tao san pham formazan xanh luc [27].

HZOZ Oz-

VIGS-NbWRKY79

Déi chimg

Hinh 5: Sy tich tu ROS & 14 cay thudc 14 Nicotiana benthamiana d6i chimg va cay VIGS-NbWRKY79. H,0, va Oy
dugc xac dinh bang nhudm in situ voi DAB va NBT.

Két qua nhudm in situ trinh bay trong Hinh 5 cho thiy c6 su tich tu dang k& ROS & 1a cta cdy VIGS-
NbWRKY79 so v&i cdy dbi chimg. Mau nau hinh thanh nhitng mang 16n & phién 1a cdy NbWRKY79 khi
nhudm bang DAB biéu thi tich tu ciia H,0,, trong tu 1a nhitng mang xanh den & ca phién va gan 14 biéu thi
sy tich tu ciia O7". O 14 cdy ddi chimg, ROS tich ty rét it. Mot vai WRKY nhu GhWRKY41 ¢ cdy bong vai
[28], SPWRKY1 ¢ cay ca chua [29], cling nhu AtWRKY30 ¢ Arabidopsis thaliana [30] dugc ching minh c6
vai trd quan trong trong diéu hoa ham lugng ROS trong té bao. Biéu hién vugt mirc ciia GhWRKY41 trén
cdy thudc 14 da gidi han su tich tu ctia ROS trong cdy trong diéu kién stress, c6 nguyén nhan la do sy cam
ng hang loat cac enzyme khang oxy hoa nhu catalase (CAT), superoxide dismutase (SOD) and ascorbate
perOX|dase (APX) gilip loai bo ROS. Co ché tuong tu cling dugc nhan thay déi véi vai tro ciia SPWRKY1
va AtWRKY30 trong kiém soat ham luong ROS. Nhu véy c6 thé thay su suy gidm biéu hién cia NbWR KY79
trong nghién ctru ndy, gay nén sy phat trién bat binh thudng cua 14, din dén rdi loan sy can bang sinh tong
hop ROS. Két qua nay xac nhan vai tro ciia NOWRKY79 trong su kiém soat lugng ROS san sinh trong ciy
thudc 1a.

3.4 Sy giam biéu hién ciia NOWRKY79 danh hwéng dén chirc ning ciia thwe vat dwgc kiém soat béi
con duong tin hiéu ABA

NbWRKY79 dugc chung minh giilr vai trd quan trong trong con duong tin hiéu ABA trong dap ung vai tac
dong cua stress moi trudng & thuc vat. Xir Iy ABA ngoai sinh 1am gia ting sy biéu hién cia NDWRKY79
[8]. Pé xac dinh c6 hay khong sy suy giam biéu hién ciia NDWRKY79 ciing 1am giam chirc ning & thuc vat
chiu anh hudng ciia ABA, ciy VIGS-NDWRKY79 dugc xtr Iy v6i ABA trén la. Cur dong cua khi khau dugc
xéc dinh sau khi phun 30 phut, 1 gio va 2 gi¢ du6i kinh hién vi quang hoc (Hinh 6A). Sau 30 phut dugc
phun ABA, hon 50% s6 lwong khi khau trong vi truong quan sat & bé mit dudi cua 14 ciy ddi chimg co
biéu hién dong, trong khi cay VIGS-NbWRKY79, hau hét cac khi khau déu mo. O thoi diém 1 gio, hon 70%
s6 Iwong khi khiu dong & cay ddi ching va chi 10% & cdy VIGS-NbWRKY79. Sau 2 gid phun, hau hét khi
khiu trong thi trudng quan sat 14 cdy ddi chimg dugc ghi nhan & trang thai dong, trong khi chi khoang 30%
& cay VIGS-NbWRKY79 (Hinh 6B). Pic biét khi tién hanh nhuém thubc nhudém phat huynh quang
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H,CDFDA dbi v6i 14 cdy da cho thay co gia tang rd rét sy tich tu ROS trong t€ bao khi khau khi xir Iy ABA
doi vai 1a cay thudc 1a doi ching, trong khi it hon & cady VIGS-NbWRKY79 (Hinh 7).

*) Di chimg VIGS-NbWRKY79 ®)
AP NS I 120
J‘? (Z? AR\ 2 mDéi chimg @VIGS-NbWRKY79 *
0 VitV B P .
€3 40
, =
30 phut 2% 5
=
0 =]
0 30 phitt 60 phit 120 phit
Thoi gian xir ly ABA (phut)
60 phut Hinh 6: Anh hudng cua xu ly ABA ngoai sinh dén
cir dong cua khi khau & mat dudi 14 cay thudc 1a
Nicotiana benthamiana. (A) Thi truong quan sat
khi khau ¢ mat dudi la ¢ do phong dai 200X. Thanh
ngang 50 um. (B) Ti 1¢ khi khau dong khi xt ly
120 phat ABA ngoai sinh. (*) Su khac biét c6 y nghia thong

ké & mirc p-value<0,05.

Tu phat

H,DCFDA Anh chap

huynh quang

Déi chimg
ABA
0 phit
VIGS-
NbWRKY79
ABA
60 phit

Hinh 7: Sy tich tu ROS ¢ té bao khi khau dudi tic dong cia ABA. L4 cdy dugc xit Iy ABA nong do 50 uM va
nhudém huynh quang CM-H,DCFDA nong d6 10 uM trong 15 phut va dugc quan sat dudi kinh hién vi huynh quang
& do phong dai 400X.

ROS duogc chimg minh dong vai tr6 la tin hiéu thir cap trong con duong tin hi¢u ABA [31, 32]. Su gia tang
cua ABA kigh thich su san sinh ROS trong té bao, va sau d6 ROS, & mot nong do phu hop, kich thich sy
dong khi khau, 1a co ché cua thuc vat dé dap ung vdi cac stress ciia méi truong [33, 34]. Trong nghién ctru
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nay, sy suy giam biéu hién cia NOWRKY79 c6 thé anh huéng dén con duong tin hiéu ciia ABA, din dén
su san sinh ROS sut giam trong t& bao khi khau. Sy xtr Iy ABA ngoai sinh, vi vy, di khong kich thich su
tich tu ROS trong té bao khi khau & cay VIGS-NDWRKY79 dan dén déng khi khau nhu di xay ra ¢ cay dbi
chung.

3.5 Vai tro cia NbOWRKY79 trong tai sinh co’ quan in vitro

Dé xéc dinh vai tro cia NDWRKY79 trong sy téi sinh co quan in vitro, kha ning hinh thanh chéi dudi tac
dong cua chat diéu hoa sinh truong thuc vat duge phan tich. Manh 14 ciia ciy dbi ching va cdy VIGS-
NbWRKY79 dugc nudi ciy trong mdi trudng cam tmg tao chdi chira cytokinin va auxin. Sau bon tuan nudi
cdy in vitro, su tai sinh choi tir manh md 14 dugc danh gia. Hiéu suat tao choi tir manh 14 cay dbi chung dat
hon 90%, trong khi d6, hiéu suat nay 1a 0% & cay VIGS-NbWRKY79. Mo seo hinh thanh & ria cac méanh 14
nudi cay cua cdy dbi ching sau d6 tai sinh thanh chdi. Nguoc lai, d6i véi manh 1a tir cdy VIGS-NbWRKY79,

md seo ciing hinh thanh nhung lai khong c6 kha ning tai sinh chdi (Hinh 8).

Déi chimg VIGS-NbWRKY79

Hinh 8: Su tai sinh chdi tir manh mé 14 cay thude 14 Nicotiana benthamiana nuéi cdy in vitro. Anh duéi: phong 16n
manh mo nudi cay trong dia Petri cho thay choi tai sinh tir mo6 seo ¢ ria manh mo 14 cay doi chung va mo seo khong
tai sinh ch6i & manh mé cay VIGS-NbWRKY79.

Nghién ctru ciia Gou et al. (2015) dé cho thay gene AtWRKY71 diéu khién qua trinh hinh thanh chdi ¢
Arabidopsis thaliana. Su suy giam hoat dong cia AIWRKY71 da 1am giam sy phat sinh choi [35]. Trong
nhiéu nghién ctru khac, WRKY dugc chimg minh dong vai tro 1a yéu tb két ndi gitta céc chét diéu hoa sinh
truong thyc vt va cac qua trinh sinh truong ¢ thuc vat (su nay mam cua hat, sy phat trién cia cdy con sau
nay mam, sy phat trlen hoa, sy dong mé khi khiu) ma chung kiém soat [36,37, 38, 39]. Trong nghién ctru
nay, tir két qua nudi cdy in vitro cho thay NbWRKY79 c6 thé giit vai tro thiét yéu doi voi sy tai sinh co quan
dudi tac dung kich thich ctia cac chét diéu hoa sinh truong thuc vat.

4. KET LUAN

Trong nghién ciru ny, bang ky thuat 1am cam ling gene cam ting bai virus (VIGS), vai tro cia NoWRKY71
trong sy sinh trudng cua cdy, su phat trién cta hoa, su tai sinh co quan in vitro cing nhu su lién quan cua
NbWRKY79 trong cac chirc ning sdng cua thuc vat, bao gdm su sinh tong hop ROS, su dong mé khi khau
cam tng boi ABA, da dugc xac dinh. Két qua cua nghién ctru gop phan lam séng to hon nita chirc ning
ctia nhom gene nay khong chi trong dap tng véi cac tac nhén stress nhu rat nhiéu cac nghién ctru da thuc
hién trudc ddy ma con trong qua trinh sinh trudng va phat trién & thuc vat.
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