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TOM TAT

NGUYEN BANG PHI - “Nghién ciru gia tri biéu hién microRNA trong

tuyén chon giong lia khang bénh dao 6n (Magnaporthe oryzae)”
Chuyén nganh: Cong nghé sinh hoc Mi s6: 9. 42. 02. 01
Truong Pai hoc Nong Lam TP.H6 Chi Minh, 2015 — 2022.

MicroRNAs (miRNAs) 1a nhitng phan tir RNA c¢6 kich thude nho (20-25 nu)
dong vai tro chinh trong viéc diéu hoa cay trong chdng chiu lai cac tic nhan sinh hoc
va phi sinh hoc. Co ché ciia qué trinh diéu hoa thong qua qua trinh lam cam ling gen
¢ muc do phién ma va sau phién ma. Trong do, phan tr osa-miR7695 dugc mo ta la
mot microRNA chuyén biét trén cay laa voi kha nang diéu hoa gen dich OsNramp6
lam ting kha niang chong chiu cua cay lta v6i nAm gay bénh dao on (Magnaporthe
oryzae) nhd viée kiém soat nong do cua cac ion kim loai sat va cac hydroxyl tu do &
ciy laa. Cac nghién ctru truéc day di chi ra ring sy biéu hién cua phén tir osa-
miR7695 chi xuat hién trén cac giéng lta japonica cling nhu vai trd va su kiém soat
clia osa-miR7695 d6i v6i gen dich OsNramp6 cing tam bién thé phién ma ciia ching
trén cay la van chua that su rd rang. Trong luan vin ndy, nghién ctru dugc thyc hién
nham danh gia muc do biéu hién cuia mot s6 microRNAs nhu osa-miR7695, osa-
miR169a, osa-miR160a trong viéc diéu hoa cdy lua chdng chiu lai nAm gay bénh dao
on Magnaporthe oryzae tai Viét Nam bang phuong phap Real-time PCR. Pong thoi,
thong qua phuong phép Real-time PCR cung céc cong cu tin sinh hoc, nghién ctru da
mo ta ddy du vai trd cta phan tir osa-miR7695 trong viéc diéu hoa cac bién thé phién
ma cua gen OsNramp6 (Natural resistance associated macrophage protein 6) lién
quan dén kha ning mién dich cua cay lta ddi v6i nAm gay bénh dao 6n Magnaporthe
oryzae. Két qua nghién ctru vé murc d6 va gi tri biéu hién cta phan tir osa-miR7695
gifta nhoém laa chéng chiu va nhém lua min cam v6i ndm gy bénh dao 6n,
Magnaporthe oryzae trong tai Viét Nam cho thay murc d6 biéu hién ctia osa-miR 7695
trén nhom lua chdéng chiu cao hon nhém lua min cam tir 2 — 4 1an, & cac thoi diém

24 hpi, 48 hpi, va 72 hpi. Dic biét, su khac biét cao nhat vé mirc d biéu hién cia
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osa-miR7695 tai thoi diém 72 hpi ciing duoc quan sat va ghi nhén gitra nhém laa
chéng chiu va nhém lia man cam véi ndm M. oryzae. Bén canh d6, két qua phan tich
duong cong ROC (Receiver Operating Curve) dé xac dinh mirc d6 nhay, d6 dic hiéu
trong viéc phan biét nhém lua chdng chiu va nhom laa min cam cho thay gia tri AUC
(area under the curve) 12 0,9. Tuong tu, két qua nghién ctiru con cho thay osa-miR169a
va osa-miR160a c6 su gia ting biéu hién mang tinh khac biét trén cac gidng lta chdng
chiu véi nAm M. oryzae & cac thoi diém 1an luot 13 72 hpi va 24 hpi. Diéu nay cho
thay phuong phap phan biét nhom ltia chéng chiu va min cam véi nAm M. oryzae
dua trén phan tr chi thi osa-miR76935, osa-miR169a va osa-miR160a la rt hiéu qua.
Két qua nghién ciru vai tro dicéu hoa cua gen dich OsNramp6 cho thay, c6 8 bién thé
phién ma ctia gen ndy dugc ma hoa tir OsNramp6.1 dén OsNramp6.8. Cac nghién
cliru trude day cho rang osa-miR7695 chi tc ché duy nhat 01 bién thé phién ma
OsNramp6.8 (s-Nramp6). Tuy nhién, nghién ctru ctia chung toi cho thay osa-miR 7695
trc ché bién thé phién ma OsNramp6.1 va OsNramp6.4. Két qua cho thdy muc do
biéu hién ctia phan tir OsNramp6.1 va OsNramp6.4 ting cao & thoi diém 24 hpi, khi
so sanh gitra nhom lta chéng chiu va nhém lta min cam. Mtc d6 biéu hién cua
OsNramp6.]1 trén nhoém lta man cam gap 6,5 1an so véi nhom lta chong chiu; va mirc
d6 biéu hién cua OsNramp6.4 trén nhém laa man cam gip 3,6 14n so voi nhom laa
chdng chiu. Phén tich dudng cong ROC ciia hai bién thé nay cho thay gia tri AUC
ctia OsNramp6.1 va OsNramp6.4 twong ing bang 1 va 0,937. Piéu nay cho thiy phan
tir OsNramp6.1 va OsNramp6.4 13 cic phan tir chi thi rat tot cho viéc phan biét nhoém
lua chéng chiu va nhom lia man cam véi ndm gdy bénh dao 6n, M. oryzae. Bén canh
d6 két qua phan tich cac microRNAs lién quan dén viéc diéu hoa cac bién thé phién
mi OsNramp6 cho thay c6 06 phan tir microRNAs tiém niang. Trong dé, co 02
microRNAs da dugc mo ta chirc nang trong viée diéu hoa lua chéng lai su xAm nhiém

nam M. oryzae 1a osa-miR159a va osa-miR444a.

Tur khoa: Bénh dao 6n, Magnaporthe oryzae, miRNA, OsNramp6



SUMMARY

NGUYEN BANG PHI - “Expression profile of microRNA in selecting rice

resisting blast fungus (Magnaporthe oryzae)”
Major: Biotechnology  Code: 9. 42. 02. 01
Nong Lam University, 2015 —2022.

MicroRNAs (miRNAs) are small RNAs (20-25 nu) regulating plant against
biotic and abiotic agents. Mechanism of the microRNA regulation through gene
silencing on the transcriptional and post-transcriptional stage. The microRNA osa-
miR7695 was described as a rice-specific microRNA in regulating the target gene
OsNramp6, leading to increase resistance to rice blast fungus (Magnaporthe oryzae)
through controlling iron accumulation and free hydroxyls in rice. Previous studies
showed that the expression of the molecule osa-miR7695 is only present in japonica
rice varieties, as well as the role of osa-miR7695 in controlling the OsNramp6 target
gene and eight transcriptional variants of OsNrampé6 is still not clear. Therefore, in
this thesis, the study was carried out to evaluate the expression level of some
microRNAs in regulating rice resisting to the rice blast fungus (Magnaporthe oryzae)
in Viet Nam by Real-time PCR method. Simultaneously, through Real-time PCR
method and bioinformatic tools, the study also described the role of osa-miR7695 in
regulating transcriptional variants of OsNramp6 (Natural resistance associated
macrophage gene protein 6) involving in rice immunity against rice blast fungus,
Magnaporthe oryzae. The result of this study on osa-miR7695 expression value
between the blast-resistant rice group and the blast-susceptible rice group grown in
Viet Nam showed that the expression value of osa-miR7695 in the blast-resistant rice
group was 2-4 times higher than in the blast-susceptible rice group, at time points 24
hpi, 48 hpi, and 72 hpi. Particularly, the highest difference of osa-miR7695
expression level at 72 hpi was observed and recorded between blast-resistant rice
group and blast-susceptible rice group. In addition, the result of ROC (Receiver

Operating Curve) curve analysis to determine the sensitivity, specificity in
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distinguishing blast-resistant rice group and blast-susceptible rice group showed that
the AUC value (area under the curve) was 0.9. Similarly, the results showed that osa-
miR169a and osa-miR160a expression level increasing in M. oryzae resistant rice
group at 72 hpi and 24 hpi, respectively. These results demonstrated that the method
based on markers (osa-miR7695, osa-miR169a and osa-miR160a) in distinguishing
resistant and susceptible rice groups against M. oryzae was very effective. The results
of studying the regulatory role of the OsNramp6 target gene showed that there were
8 transcriptional variants of this gene encoded from OsNramp6.1 to OsNramp6.8,
previous studies suggested that osa-miR7695 inhibits only transcriptional variant
OsNramp6.8 (s-Nramp6). However, our study showed that osa-miR7695 inhibits
transcriptional variants OsNramp6.1 and OsNramp6.4. The results showed that the
expression level of OsNramp6.1 and OsNramp6.4 increased at 24 hpi, compared
between the blast-resistant rice group and the blast-susceptible rice group. Expression
level of OsNrampé6.1 in the blast-susceptible rice group was 6.5 times higher than in
the blast-resistant rice group; and expression level of OsNramp6.4 in the blast-
susceptible rice group was 3.6 times higher than in the blast-resistant rice group.
Analyzing ROC curve of two transcriptional variants showed that AUC values of
OsNramp6.1 and OsNramp6.4 were 1 and 0.937, respectively. This is meaning that
OsNramp6.1 and OsNramp6.4 are good markers for distinguishing blast-resistant and
blast-susceptible rice groups. Besides, analysis of microRNAs involving in regulating
OsNramp6 transcriptional variants showed that there were 06 potential miRNAs. Of
these, two microRNAs were characterized in regulating rice against M. oryzae

infection, osa-miR159a and osa-miR444a.

Keywords: Magnaporthe oryzae, miRNA, OsNramp6, rice blast
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DANH MUC CAC CHU VIET TAT

ABA: abscisic acid

ACO: 1-aminocyclopropane-1-carboxylic acid oxydase
AREF: auxin responsive factor

CDS: Cu/Fe dismustase

CIPK10: CBL-interacting serine/threonine-protein kinase 10
DCLI1: Dicer-like protein 1

Effector: phan tir tac dong

EIN: ethylene-insensitive

Elicitor: phan tu kich thich.

ET: ethylen

ETI: effector-triggered immunity

GA: gibberellic acid

GREF: growth regulating factor

Hpi: Hours post innoculation

JA: Jasmonate acid

Mature miRNA: miRNA truong thanh

MiRNA isoform: miRNA ddng dang.

MITEs: Miniature Inverted-Repeat Transposable Elements

NBS-LRR: nucleotide binding site — leucine rich repeats
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NF-YA: nuclear transcription factor Y

Nramp6: Natural resistance-associated macrophage protein 6
ORF: open reading frame

PAMP: pathogen-associated molecular patterns

pre-miRNA: precursor microRNA

pri-miRNA: primary microRNA transcript

PRRs: pattern regconition receptors

PTI: pattern-triggered immunity

RDR: RNA Dependent RNA Polymerase

Receptor: phan tur thy quan

RISC: RNA induced gene silencing complex

RNAi: RNA interference

ROS: reactive oxygen species

Rpm: rounds per minute

SA: Salicylic acid

SOD: superoxide dismutase

SPL: SQUAMOSA promoter-binding protein-like transcription factor
TE: transposable element

Transcript variant: bién thé phién ma

UTR: untranslated region.
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MO PAU
1. Tinh cép thiét cia dé tai

Bénh dao 6n 1a bénh do ndm Magnaporthe oryzae gy ra, phan bd rong khip
cac vung tréng lha, dac biét la nhitng noi c6 khi hau 6n hoa, do am cao, gay thiét hai
nghiém trong dén ning suat lta (Sharma va ctv., 2012). Cac nghién ctru vé tinh khang
v6i nAm M. oryzae giy hai trén ltia da duoc tién hanh tir nhitng nam dau thap nién
thé ky 17, va trong vong hai thap nién gan day thi cac nghién ctru vé laa khang nim
M. oryzae da duoc tién hanh rat manh mé. Bén canh cac nghién ciru vé gen khang
nam M. oryzae thi cac nghién ctru vé su biéu hién ctia microRNA ndi 1én nhu mét
dau 4n sinh hoc gitip phéan biét tinh khang d6i vi ndm gy bénh dao on trén cay lua.
Nghién ctru gin day cua Campo va ctv. (2013) di chi ra rang su biéu hién gia ting
o0sa-miR7695 c6 lién quan dén khang ndm M. oryzae trén laa. Trong d6, osa-miR7695
kiém soat su biéu hién cua gen dich OsNramp6 (Os01g31870) vén lién quan dén hé
mién dich cua cay lua trong viéc chéng chiu sy xAm nhiém caa ndm M. oryzae, cu
thé 13 osa-miR7695 diéu hoa 02 bién thé phién ma OsNramp6.1 (s-Nramp6) va
OsNramp6.8 (I-Nramp6) (Campo va ctv., 2013, Peris-Peris va ctv., 2017). Hon thé
nita, bén canh phan tir osa-miR7695 con co rat nhiéu phan tir microRNAs khac nhu:
osa-miR169a, osa-miR162a, osa-miR164a, osa-miR398b, osa-miR168, osa-miR398,
osa-miR167d, osa-miR160a v.v... dugc mo ta la cé lién quan dén hé mién dich cua
ciy lta chéng chiu véi sy xdm nhiém ctua ndm M. oryzae. O Viét Nam, cong tac
nghién ctru, phat trién cac giéng lua c6 kha ning khang cao va bén virng di v6i bénh
dao 6n van dang dugc chu trong va can nhiing giai phap hi¢u qua vé mat sinh hoc
phan tir. Danh gia mirc d biéu hién cua cac phan tir miRNAs cling cic gen muc tiéu
dich ctia n6 hira hen trong viéc dua ra mot céi nhin toan canh vé vai trd ctia cac RNA
ngan khong ma hoa ddi v6i sy dap Gmg mién dich cua cay laa, ddng thoi ciing 13 mot
trién vong dé (mg dung cac phan tr microRNAs va cac gen muc tiéu nay nhu 1a mot
cong cu hd trg cho viéc xac dinh va phan bi¢t cac nhom lua chéng chiu va man cam
v6i ndm M. oryzae, phuc vu cho cong tac lai tao va danh gia kha ning chong chiu cia

cac giong lua tai Viét Nam hi€n nay. Tu nhiing co s& néu trén, deé tai “Nghién ciru



gia tri biéu hi¢n microRNA trong tuyén chon giéng lia khing bénh dao on
(Magnaporthe oryzae)” da duoc tién hanh.
2. Y nghia khoa hoc va thue tién ciia dé tai

2.1. Y nghia khoa hoc

Gop phan xéac dinh sy hién dién va vai trd ctia osa-miR 7695 d6i v6i tinh khang
nam gay bénh dao on (Magnaporthe oryzae) trén gidng lua (Oryza sativa L.) & Viét
Nam.

Khai quat rd va diy du hon vé méi twong tac giita cac bién thé phién ma gen
OsNramp6 vé6i hé thong cac phan tir miRNAs trén cay laa.

Gop phan hd trg cong tac phan biét va lai tao giéng la chong chiu nAm gay
bénh dao 6n (Magnaporthe oryzae) trén cay lua (Oryza sativa L.).

Tao tién d& cho cic nghién ciru co ban va ung dung miRNA khong chi trén
nam M. oryzae ma con trén cac tac nhan gy bénh khac.

2.2.Y nghia thue tién

Gop phan xay dung cac dit liéu khoa hoc nham danh gia giong lta chéng chiu
nam gay bénh dao 6n (M. oryzae) thong qua phan tir osa-miR7695 hoic cac bién thé
phién mi cta gen OsNramp6. Pay 1a mot cach tiép can cua di truyén biéu sinh dua
trén su bicu hién cta cac phan tir miRNAs trong cong tac nghién ctru cac giéng lta
chdng chiu va min cam v6i ndm gy bénh dao on.

3. Muc tiéu nghién ctru cia dé tai

Xac dinh su hién dién cta osa-miR 7695 trén cac gidng la japonica va indica.

Phan tich mtrc d¢ va gia tri biéu hién cua osa-miR7695, osa-miR160a va osa-
miR169a trén nhom lua chéng chiu va nhém lta man cam tréng tai Viét Nam.

Xac dinh méi lién hé giita phan tir osa-miR7695 va cac bién thé phién ma cia

gen dich OsNramp6.



Phéan tich murc do va gia tri bi€u hién cta cac bién thé phién ma OsNramp6

trén nhom lua chéng chiu va nhém lia man cam tréng tai Viét Nam.

Dy doan, tim kiém cac microRNAs khac ngoai osa-miR7695 trong viéc tac
dong dén cac bién thé phién ma cua gen dich OsNramp6.

4. Pbi twong va pham vi nghién ciru

4.1. Pdi twong nghién ciru

Péi tuong nghién ctru cua dé tai 1a cac phéan tir osa-miR7695, osa-miR169a,
osa-miR160a va OsNramp6 lién quan dén kha nang chong chiu nim gay bénh dao 6n
trén lha, Magnaporthe oryzae.

4.2. Pham vi nghién ctru

Nghién ciru gidi han trong viéc phén tich gia tri va mic do biéu hién cia cac
phan tir osa-miR7695, osa-miR169a, osa-miR160a va OsNramp6, dé tir d6 gop phan
hd trg cho cong tac lai tao gidng lua chdng chiu ndm gy bénh dao on.

Nghién ctru dugc thyc hién & quy mé phong thi nghiém va thuc hién ching
bénh trén cay lua trong diéu kién phong thi nghiém

5. Nhirng dong gop méi cia luan an

Xac dinh duoc su hién dién cua osa-miR7695 trén giéng Ina indica.

Phan tich so sanh muc d0 va gia tri biéu hién cta osa-miR7695 va osa-
miR169a, osa-miR160a trén nhoém lua chéng chiu va man cam tré)ng tai Viét Nam.

Danh gia dugc mic do va gia tri biéu hién cta hai bién thé OsNramp6.1 va
OsNramp6.4 phtt hop cho viéc 1am chi thi sinh hoc cho tinh khang nim gy bénh dao
on trén cay laa.

Mo ta mot cach day dil vé su twong tac ciia bién thé phién ma OsNramp6.1,

OsNramp6.8 v6i mot sb phan tr miRNAs trén lua.



Chuwong 1. TONG QUAN TAI LIEU
1.1. NAm giy bénh dao 6n trén laa, Magnaporthe oryzae.

Trong nhirng nim qua, tac nhin gay bénh dao on trén lia c6 nhiéu tén goi khac
nhau. Giai doan vd tinh cia nim gay bénh dao 6n dugc Saccardo dat tén la
Pyricularia grisea vao nam 1880 va sau d6 dugc Cavara dat tén 1a Pyricularia oryzae
vao nam 1892. Trong giai doan hitu tinh té€n goi ctia nam gay bénh dao on lai duoc
dit tén 1a Magnaporthe grisea (Hebert) Barr vao nim 1970 va nhanh chong duoc d6i
tén thanh Magnaporthe oryzae (Couch va Kohn, 2002; Zhang va ctv., 2016b). Tuy
nhién, cac nghién ctru gan day cling chi ra rang Pyricularia oryzae duoc xem la cach
dat tén chinh xac cho tac nhan gay bénh dao 6n trén lua & ca giai doan vo tinh va hitu
tinh do kha nang gy bénh va cac dac diém sinh thai, tién hoa cua nAm gay bénh dao
on (Moreira va ctv., 2015; Zhang va ctv., 2016b). Tuy nhién, tén dong nghia vi ndm
Pyricularia oryzae 13 Magnaporthe oryzae dugc khuyén nghi sit dung thong nhat
chung cho tac nhan nay trong cac cong bd khoa hoc (Zhang va ctv., 2016b). Qua trinh
gdy bénh ciia ndm M. oryzae bao gom hai giai doan 1a sinh san sinh dudng va sinh
san vo tinh, thoi gian tir luc bat dau tiép xtc vai 14 la dén lac phat tan bao tir kéo dai
khoang 1 tuan. Giai doan sinh san hitu tinh rat it khi gip trén dong rudng hoic trén
cay ky chu, tuy nhién giai doan sinh san hitu tinh c6 thé duoc tao ra trong dng nghiém
trong truong hop hai mau ndm phan lap c6 kiéu giao phdi twong thich va duoc bat

cdp v6i nhau (Hinh 1.1).

Trong giai doan vé tinh (anamorphic) thuong tim thiy trén dong rudng,
P. oryzae hinh thanh bao tir vé1 hinh dang dac trung qua 1€, hinh trung. Bao tir c6 hai
vach ngin voi day hinh tron, dinh méng, mau hoi sim hodc vang nhat va c6 mét rén
hat nho & goc gan vai cudng bao tir (conidiophore) (Counch va Kohn, 2002). O giai
doan hiru tinh (telemorphic) thuong khong quan sat dugc trong tu nhién va chi dugc
thuc hién bang cach ghép doi cac ca thé tuong thich trong dng nghiém (Moreira va
ctv, 2015). Nam gy bénh dao 6n trén lta ciing dugc xem 13 tac nhan ban sinh dudng

(hemibiotrophic). Pay 1a mot phuong thirc ton tai ma trong d6 nim bat dau ¢ giai



doan sinh dudng khi hé mién dich cua thuc vat bi uc ché va sau do6 1a chuyén sang

giai doan hoai tir noi thic ddy qué trinh chét cua té bao (Fernandez va Orth, 2018).
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Hinh 1.1. Vong doi gy bénh cua nam gay bénh dao 6n Magnaporthe spp. bao gom
giai doan sinh san vo tinh, sinh san hitu tinh va giai doan 1ay nhiém (Dean va ctv.,

2005).

Céc tac nhan gay bénh trén cdy trong ludn tién héa lién tuc nham vuot qua
nhiing rdo can ctia hé mién dich thuc vat (Fernandez va Orth, 2018; Vale va ctv.,
2001). Nhu mo ta & Hinh 1.2, nAm gy bénh dao on, M. oryzae bat dau xam nhiém
bang cach hinh thanh bao tr bam trén trén bé mit ky nude cia 14 va sau d6 nay mam,
hinh thanh cic cdu tric xdm nhiém nhu gidc bam (appressoria), ong xam nhiém
(penetration peg) (Martin-Urdiroz va ctv., 2016). Ong mam (germ tube) sau khi hinh
thanh tir bao tir s& nhan biét bé mit 14 va hinh thanh giac bam dé tir d6 giup nAm M.
oryzae xam nhiém vao té bao thuc vat thong qua tdc dong cua luc truong co hoc va
céc enzyme phan huy thanh té bao (Fernandez va Orth, 2018; Martin-Urdiroz va ctv.,
2016; Nguyen va ctv., 2011; Vu va ctv., 2012; Yan va Talbot, 2016). Cac 6ng Xam
nhiém s& hinh thanh va tin cong vao cac té bao cua thuc vat theo ca chiéu doc va
chiéu ngang (Nguyen va ctv., 2011). Su tuong tic nay xdy ra trong cac té bao biéu bi
va trung bi din dén sy xd4m nhiém mé va hinh thanh cac vét thuong rd rang trén 14
sau khi nhiém 72 gi0 (Martin-Urdiroz va ctv., 2016). Sy xam nhiém nay phu thudc

vao dicéu kién moi truong va khi hdu thuan 1gi cho nam gay bénh dao 6n, M. oryzae.



Thong thudng nhiét do khoang 25 °C — 28 °C 1a nhiét do t6t nhat cho sy nay mam cia
bao tir va xAm nhiém (Filippi va ctv., 2011). Su xuat hién va phat trién cta nam gay
bénh dao on ciing ting 1én khi 4m d6 khong khi trén 90%, may mu hodc bon qua
nhiéu dam 1a cac nguyén nhan tao diéu kién cho mam bénh hinh thanh va phat trién

(Prabhu va ctv., 2009).

Céc triéu ching do ndm M. oryzae gay ra trén lua thudng dugc quan sat va ghi
nhan trén 14, be 14, ¢ 14, chuy, cudng va hat (Ribot va ctv., 2008). Triéu ching giy
bénh ctia nAm M. oryzae bat dau tir cac ddm hoai tir nhd mau nau xuat hién trén 14 va
phat trién thanh hinh elip v&i ria mau nau va mau xam hodc trang (Agbowuro va ctv.,
2020). Theo thoi gian, nhimng ton thuong nay ting kich thudc theo hudng cac mach
14 va khi nhiém ning s& xuat hién quang vang bao quanh vét nhiém cho dén khi méo
chét (Agbowuro va ctv., 2020). Do d6, nAm M. oryzae s& gy ra nhiing tac dong
nghiém trong trén cay lda nhu lam giam ning sut hat do tic dong truc tiép cua viéc
ngan chin sy dich chuyén chit dinh dudng 1am cho hat kém hinh thanh hoic thim
chi 1am bong 1ua bét thy (Prabhu va Filippi, 1995). O giai doan sinh dudng cia lua,
nam M. oryzae s& lam anh huéng dén tim voc va sb lugng dé nhanh cua cdy 1am anh
huong dén ning suit (Ribot va ctv., 2008). Thong thudng bénh dao 6n & cb bong s&
gay ra thiét hai 1on nhit vé ning suit hat gao trong qua trinh xAm nhiém (Filippi va
ctv., 2011). Nhin chung, khong thé loai trir hoan toan bénh dao 6n trén d@)ng ruong
nhung c6 thé giam dang ké nhiing thiét hai do bénh giy ra thong qua bién phap quan
Iy cay trong téng hop (Prabhu va ctv., 2009). Viéc lam dung cac loai thudc diét nAm
dé kiém soat nim giy bénh dao 6n trén dong rudng la mot mbi nguy hiém tiém an
d6i voi strc khoe va méi trudng, dé din dén hinh thanh cac ching ndim gy bénh dao
on khang thude (Maciel, 2018; Srivastava va ctv., 2017). Do d6, xu huéng st dung
cac gidng laa chdéng chiu v6i nAm M. oryzae va quan 1y trdng trot t6t trén dong rudng

dugc xem 14 giai phap mang tinh bén viing hién nay (Filippi va ctv., 2011).



;:A Bao tlr ndm

ISy \Z& ti&t chat nhay va dinh

vao bé mit

tuan

Té& bao ty chét
_E . /()

T ('“
Lép melanin
— ————— trong té bao
Hinh thanh hé soi I:JanEjKI xam nhiém

_---—--J
Tiém chét xuyén ldp cutin

Hinh 1.2. Qua trinh gy bénh cta ndm gy bénh dao 6n (Were, 2018)

Chu thich: [A] Bao tu nam gay bénh dao on gan vao bé mat [B] Nay | mam cua bao
tr, bang cdch tao ra mét ong mam (germ tube), phan trén dinh ciia dng mam hinh
thanh mét cdi mée, muc dich dé cam nhdn cde ddc tinh héa hoc va vit ly cua bé mat.
[C] Hinh thanh té bao xam nhiéNm(appressoria cell).Mot lop melanin hinh thanh bén
trong vach té bao xam nhiém.[D] Bdang cdch sir dung dp luc truong phong, mét cdi
chét/ong cia nam gay bénh dao on duoc day xuyén qua [op cutin cua la. [E] Hinh
thanh hé soi nam ban dau. [F] Hé soi nam xam chiém toan bg cac mé. [G] Pha vé té
bao ra thoat ra.

1.1.1. H¢ thong mién dich ciia thye vét chong lai tac nhan giy bénh

O cay trong c6 hai hé thong phong thu thudc hé théng mién dich 1a PTI
(pathogen-associated molecular pattern triggered immunity) va ETI (effector
triggered immunity) (Weiberg va Jin, 2015). Hé théng thtr nhat 1a PTI, duoc hoat hoa
khi cac phan tir elicitors trén nam M. oryzae tiép xtc v6i cac phan tir receptors trong
hé théng mién dich PTI dan dén hé théng PTI &c ché sy xdm nhiém cta ndm M.
oryzae (Weiberg va ctv., 2014). Tuyén phong tha diu tién nay bao gdm céac thu thé
c6 & mang sinh chét doéng vai tro nhan di¢n cac yéu t6 mam bénh va kich hoat phan
g phong vé. Cac yéu td gy bénh 1a cac phan tir lién két véi mam bénh (PAMPs)
dugc bao t6n va 1 cac phan tir dic hiéu, ¢ tinh vi sinh vat cao. Cac thy thé nhan
dang mam bénh (PRRs) nhan dién PAMP thong qua ving ngoai bao lap lai gidu
leucine (LRRs) va cac protein kinase ndi bao. Khi nhan dién PAMP, céac thy thé PRRs

tao ra mot dong tin hiéu xudi dong bao gdm san xuét cac chit c6 tinh oxy hoa (ROS)



cam ung cac protein kinase phu thudc canxi (CDPK), protein kinase hoat hoa mitogen
(MAPK), phytohormones va kich thich t§ bao hiéu (axit jasmonic, axit salicylic,
ethylene). Tuy nhién, nAm M. oryzae c6 thé tan cong hé théng mién dich PTI thong
qua vai trd cua céc effectors. Va cac gen khang (R gene) trén ciy trong tao ra cic
protein c6 kha niang nhén biét cac effectors dé kich hoat hé thong ETI khang nim gay
bénh dao 6n (Katiyar-Agarwal va Jin, 2007). Cac phan tir effectors dugc ma hoa badi
cac gen khong doc (avirulence genes) & nAim M. oryzae, con gen khang (R gene) &
lia ma héa cac phan tir protein bat gilt cdc phan tir effectors ciia nAm M. oryzae

(Padmanabhan va ctv., 2009) (Hinh 1.3).

E{:> PAMP
=

B ——— Hoat hoa PRR

U'c ché protein R

—I*

ADP

Nhin té diéu hba Hoat hoa protein R
phién ma I

— ii

Nhin té diéu hoa phién ma Nhin t6 kim ham

[j—.) phién ma ﬂ,:;-
\ Gen lién gquan PTI Gen lién quan ETI

Hinh 1.3. Hé thong phong thu PTI va ETI trén thyc vat (Han va Jung, 2013)

Nhan tdé ho
phién ma

at hoa

1.1.2. Tinh khang di truyén ciia lda ddi véi nam giy bénh dao on, M.

oryzae

Lua (Oryza sativa L.) 13 cay luong thuc rat quan trong trong néng nghiép
va ciing 14 cay trong c6 b gen (genome) duroc giai trinh ty hoan toan ciing nhu duoc
st dung 1a mo6 hinh nghién ctru trong cac cay cung ho (Arumuganathan va Earle,
1991). B6 gen cua cdy lta c6 khoang 430 triéu bp, wdc tinh khoang 46 dén 56 nghin
gen cho nhom l4a indica va khoang 32 dén 50 nghin gen cho nhom la japonica (Chiu

va ctv., 2002; Goff va ctv., 2002; Hori va ctv., 2017; Project, 2007). Thong tin nay



rat ¢6 ¥ nghia cho viéc tim hiéu cac co ché phén tir chi phéi tinh khang di truyén dbi

vO1 cac tdc nhan gay bénh trén lua, dic bi¢t la nam gay bénh dao 6n, M. oryzae.

Bo gen cua ndm gy bénh dao 6n ciing ma hoa hang trim effectors c6 lién
quan dén tinh khang cua lua. Mt sb effectors dugc nhan biét bai cac thu thé mién
dich noi bao thudc lién két nucleotide lip lai giau leucine (NLR) (De la Concepcion
va ctv., 2021; Stein va ctv., 2018). Thuc vat c6 kha niang hinh thanh rat nhiéu dang
NLRs dé vo hiéu héa cac yéu td doc luc hay cac effectors dugc tiét ra tir cac tac nhan
gy bénh (De la Concepcion va ctv., 2021). Sau khi phat hién mam bénh, NLR sé kich
hoat cac phan tmg mién dich c6 kha ning lam gian doan sy 1ay lan ctia mam bénh.
Céu tric cia NLR ¢ thuc vat bao gdm cac mién tich hop khong chinh thirc (integrated
non-canonical domains). Cac mién tich hop ndy dong vai trd nhu primer bay dé phat
hién mam bénh (Stein va ctv., 2018; De la concepcion va ctv., 2021). Cac thu thé
NLRs mang cac mién tich hop nay s& chiu trach nhiém cho mét sé gen khang bénh
dao 6n (De la Concepcion va ctv., 2021). Tuy nhién, co ché nay cudi cung lai thuc
déy su phat trién ctia cac bién thé effectors mai thoat khoi su phat hién cua hé mién
dich thyc vat. Vi Iy do nay, viéc str dung thong tin NLR trong cac bo gen tham chiéu
s& 1a co hoi 16n cho cac chuong trinh cai tién cy trong. Trong mot nghién ctru six
dung 13 bo gen tham chiéu cua cac loai Oryza, 5,408 gen NLR di duoc xac dinh trong
d6 c¢6 535 gen NLR dugc phat hién trén cac gidng lta thudc nhém indica (Oryza

sativa vg. indica) (Stein va ctv., 2018).

Pé tim ra cac gen khang lién quan dén nim gy bénh dao 6n trén la, cic nha
khoa hoc thuong tim hiéu thong qua vi tri cic gen tinh trang s6 lugng QTL
(Quantitative trait loci). Hién nay, c6 khoang 350 QTL duogc biét 1a c6 lién quan dén
tinh khang cua cay lta va c6 khoang 85 QTL da dugc mo ta rd rang (Ashkani va ctv.,
2016; Srivastava va ctv., 2017). Cac QTL dau tién lién quan dén tinh khang bénh dao
on da duoc danh dau boi Wang va ctv. (1994) va ké tir 46, viéc tim kiém cac QTL
ngay cang ting nham hd trg cho viéc tao kha niang khang ndm M. oryzae trén laa bén
vitng hon (Ashkani va ctv., 2016). S lvong QTL nhiéu s& c6 nghia 14 c6 nhiéu ngudn

khéang mét phén va giup lam gidm sy lay lan cua mam bénh, gitr ap luc chon loc thép
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trong quan thé ndm gay bénh dao 6n (M. oryzae) va duy tri kha ning khang bénh dao
on lau bén trén laa (Maciel, 2018; Sharma va ctv., 2012). QTL duogc st dung dé xéc
dinh cac gen khang thudc va ciing dé phat trién cac ddu hiéu lién quan dén cac gen
nay. D6i véi tinh khang bénh dao 6n & laa, cac QTL co6 hiéu qua chong lai mot s6
chung M. oryzae d3 dugc xac dinh, va hau hét déu lién quan dén cac gen dinh tinh
(Srivastava va ctv., 2017). Mot s& QTL da duoc st dung dé tao hinh thap gen (Sharma
va ctv. 2012).

1.1.3. Vai tro ciia cic phan tir RNAs nho lién quan dén tinh khang bénh

dao on trén laa.

Cac phan tng mién dich cua thuc vat dugc kiém soat chit ché bai cac yéu tb
diéu hoa nhu cac yéu té phién mi va cac phan tir RNAs nho (Deng va ctv., 2018).
Céc phan tir RNAs nho ndi sinh trong thuc vat bao gom miRNA va siRNA. Ca hai
phan tir ndy déu dugc hinh thanh tir hoat dong phan cit cia protein Dicer (DCL) va
sau d6 chung két hop voi cac protein ARGONAUTE (AGO) dé tao thanh cac phirc
hop 1am cam lang gen do RNA gay ra (RISC) (Baulcombe, 2004). Cac phtic hop
RISCs nay s€ lién két cu thé véi trinh ty DNA hodc RNA thong tin cua cac gen muc
tiéu va kim ham sy biéu hién cua ching & muc do phién ma, sau phién ma hoac dich
mi thong qua qua trinh methyl hoa DNA, phan cit mRNA hoic kiém him qua trinh
dich ma (Brodersen va ctv., 2008; Llave, 2004; Song va ctv., 2019; Wu va ctv., 2010).
Céc nghién ctru gan day cho thdy RNA nho (bao gom microRNA, siRNA va piRNA)
dong vai tro chinh trong viéc diéu hoa hé thong PTI va ETI & ciy trong (Fu va ctv.,
2006; Khraiwesh va ctv., 2012). Giita ciy trong va ndm M. oryzae twong tac v6i nhau
thong qua phan tir RNA nhé (small RNA), tir d6 tao ra mot cudc canh tranh dé kiém
soat quyén diéu khién hé thong mién dich thong qua RNA nho (Weiberg va Jin,
2015). Nam M. oryzae c6 thé kiém soat hé théng PTI va ETI thong qua microRNA,
va nguoc lai la ciing c6 thé ngan can sy xAm nhiém clia ndm M. oryzae thong qua

microRNA (Baldrich va ctv., 2015; Li va ctv., 2019b; Zuo va ctv., 2014).
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Céc nghién ctru Gmg dung siRNA trong viéc tao cac gidng la chdng chiu ciing
duogc thuc hién bang phuong phap e ché gen thong qua ky chu (host induced gene
silencing — HIGS). Phuong phap HIGS da dugc mo ta thanh cong trong viéc phong
chéng su xam nhiém ctia nAm bénh Puccinie striiformis sp.tritci (Chen va ctv., 2014),
nam Fusarium graminearum (Cheng va ctv., 2015), ndim Blumeria graminis (Pliego
va ctv., 2013), ndm Puccinia triticina (Panwar va ctv., 2013). Trén lta, phuong phap
HIGS ciing da duoc nghién ciru va tién hanh thanh cong nham tao ra cay la c6 kha
nang khang nim gay bénh dao 6n mot cach bén viing (Guo va ctv., 2019). Hau hét
cac nghién ctru str dung HIGS dé khang nim gy bénh dao 6n déu tap trung vao cic
gen gy doc hodc cac gen tham gia vao qua trinh phaét trién ctia nAm M. oryzae. Vi du
nhu gen PLSI (plastinl) lién quan dén qua trinh diéu hoa té bao xam nhiém (Clergeot
va ctv., 2001), gen MPGI(mannose-1-phosphate guanyltransferase) ma hoa cho
hydrophobin gitip ndm gy bénh dao on tuong tac trén bé mat vat chi (Talbot va ctv.,
1996), gen PMK 1 (Mitogen-activated protein kinase pmk-1) diéu hoa sy xaAm nhiém
va phat trién hé soi nadm gay bénh dao 6n (Xue va ctv., 2002), gen RVSI167
(amphiphysin) va gen Las17 (Proline-rich protein) diéu hoa s xAm nhiém cua té bao
giac bam (Dagdas va ctv., 2012; Penn va ctv., 2015), gen MoAPI (modulator of
apoptosis 1) ma hoa nhan t6 phién ma bZIP trong qua trinh hinh thanh bao tir dinh
clia ndm gay bénh dao on, diéu hoa su phat trién soi nAm va ca tinh giy bénh cia nAm
gay bénh dao 6n (Guo va ctv., 2011; Guo va ctv., 2019). Tém lai, phan tor RNA nho
(bao gdm microRNA, siRNA, piwiRNA) déng vai tro rat quan trong trong viéc diéu
hoa cdy lua sinh truéng, phat trién va chong chiu v&i cac tac nhan sinh hoc va phi
sinh hoc (Khraiwesh va ctv., 2012; Tang va Chu, 2017)

1.2. Qua trinh sinh tong hop microRNA & thue vt

MicroRNAs 1a nhitng doan RNA nhé c6 kich thude 20-25 nu, sgi don, c6 tac
dung diéu hoa gen ¢ giai doan phién mi va sau phién mé (Hinh 1.4). Ké tir sau khi
phat hién ra miRNA vao nam 1993 thi hang loat miRNAs khac nhau ¢ thyc vat va

dong vat da dugc phat hién (Voinnet, 2009). Pdng thoi, cac nghién ciru vé co ché
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hinh thanh miRNA, va su tac dong 1én mRNA dich ciing dd duoc nghién ciru va hiéu

mot cach ro rang.

M\) Nhan té bao

Primary-miRNA
(Pri-miR) Drosha

Gen MIR

DGCRS Exportin-5 (HASTY)

Precursor-miRNA

Dicer - like
(Tign phan tir miRMNA) o
B \\_ *ﬁg/; miRNA
i trudng thanh

Ado TRBP
Té bao chét / l
;]SG W
sol mIR™NA 2
3' UTR 3 - Thoai bien
ST MEO?.lt dong

Uc ché phién ma/dich ma

Hinh 1.4. Qua trinh sinh tong hop microRNA (Lee va ctv., 2020)

Chu thich: Cdc phdn tuw microRNA dwoc phién ma boi enzyme RNA polymerase I tir gen
MIR tgo ra pri-miRNA (chita duéi poly A). Tiép do, pri-miRNA dwoc cat bang enzyme
ribonuclease IIl (Drosha) thanh tién phdn tir microRNA (precursor-miRNA) ¢é chiéu dai
khodng 70 nt thdn cudn vong. Sau dé, phdn tir precursor-miRNA sé dwoc vin chuyén ra
ngodi té bao chdt nho protein Exportin-5 va dwgc cdt bang enzyme ribonuclease (Dicer),
tao thanh phan tir microRNA truong thanh (mature miRNA). Phdan tir miRNA truong thanh
nay tiép tuc gan véi phirc hop cam ling gen (RISC) dé nhdn biét cdc phdn tir mRNA dich
thong qua viéc bat cdp khong hoan hao voi sgi miRNA khuon mau (soi miRNA hoat dong)
va dan dén két qua la ke ché qud trinh phién ma hodc ngdn chdan qud trinh dich ma.

Trén cay trong, phan tir miRNA dugc tao thanh tir tién phan tr miRNAs
(precursor miRNA) véi cac ciu tric than vong (dai khoang 70 nu) va dugc phén cat
b1 enzyme RNaselll 1a Dicer-like 1 (DCL1) tao thanh céc sgi d61 miRNA-miRNA*,
trong d6 ¢ 1 sgi don hoat dong (guide strand miRNA) va 1 soi don bi thoai bién
(passenger strand miRNA*). Soi don miRNA hoat dong sé& két hop v6i phic hgp cam
lang gen (RISC) dé hinh thanh nén phtic hop e ché gen (RISC — RNA induced gene

silencing) tham gia vao qu4 trinh trc ché gen sau phién ma (bang cach cit doan mRNA
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dich) hodc trc ché qua trinh dich m3 (bang cach ngin chin sir hinh thanh 80S ribosome

tlr 2 tiéu don vi 40S va 60S) (Brodersen va ctv., 2008; Gu va Kay, 2010).

Phén tir miRNA dugc phién mi tir gen tao ra miRNA (MIR gene), yéu té gen
nhay hodc ving giira gen (intergenic region) (Qin va ctv., 2015). Hau hét cac loai cay
déu so hitu trén 100 gen tao ra miRNA va c6 riéng don vi phién mi (transcription
unit) gén v6i gen MIR (Griffiths-Jones va ctv., 2008). Cac gen MIRs nay thuong nim
O vi tri gitra hai gen chirc ndng (intergenic genes) (Rhoades va ctv., 2002). Gen MIR
dugc phién ma nhd enzyme RNA polymerase II (Pol II) tao thanh pri-miRNA, phan
tir pri-miRNA duogc bao vé bang cach gin mii 7-methylguanosine & dau 5° (Xie va
ctv., 2005) va gan dudi polyA & dau 3’ (Mallory va ctv., 2004). Tham gia vao viéc
phan cit precursor miRNAs ¢6 rat nhiéu Dicer-like protein (DCL) tao thanh mot ho
DCL. Cac loai DCLs khac nhau s€ tao ra miRNA c¢6 kich thudc khac nhau, vi du nhu:
DCLI va DCL4 tao miRNA c6 kich thudc 21 nu, DCL2 tao ra miRNA kich thuéc 22
nu, va DCL3 tao miRNA kich thudc 24 nu (Rogers va Chen, 2013). O thuc vat, DCL1
dong vai tro chinh trong viéc tao miRNA, do vay phén 16n miRNAs ¢ thuc vat co
kich thudc 21 nu (Rogers va Chen, 2013; Voinet, 2009). DCLI cé vai trd rat quan
trong trong qua trinh diéu hoa cac qua trinh sinh 1y & cay trong. Dot bién mét chuc
niang DCLI & cdy Arabidopsis thaliana 1am chét phoi (Fukudome va Fukuhara,
2017). Mbi loai enzyme DCL(1-4) c6 vai tro khac nhau trong qué trinh diéu hoa cay
trong chdng chiu lai cac tac nhan sinh hoc va phi sinh hoc (Voinnet, 2009). Pong
thoi, cac enzyme DCLs c6 su phan ting vé chirc ning & cac mé khac nhau cua ciy
trong, diéu nay ciing cho thay cac phan tir DCLs diéu hoa qua trinh tao ra miRNA tiy
theo khong gian va thoi gian (Rogers va Chen, 2013).

O lua, nhiéu nghién ciru d chimg minh miRNA déng vai tro trong viée diéu
hoa céc qué trinh sinh dudng va cac dap tng vdi tac nhan gay bénh (Song va ctv.,
2019; Xie va ctv., 2015). Bén canh d6, kha nhiéu nghién ctru cho thdy miRNA déng
vai trd quan trong trong su twong tic gitta lda va ndm M. oryzae (Baldrich va ctv.,
2015 ; Li va ctv., 2014). Nghién ctru cho thdy c6 nhiéu thanh phan tac dong dén qua
trinh sinh t6ng hgp miRNA, trong d6 cac protein DCLs, RDRs va AGOs 14 cac thanh
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phan chinh tham gia tong hop miRNA (Dong va ctv, 2013; Feng va ctv., 2021). B6
gen cua lia ma hoa tao ra 8 phan tor OsDCLs va 19 phan tirt AGOs (Kapoor va ctv.,
2008). Cac phan tor OsDCLs bao gé)m OsDCLIa, OsDCLI1b, OsDCLIc, OsDCL2a,
OsDCL2b, OsDCL3a, OsDCL3b/OsDCLS5, va OsDCL4 (Kapoor va ctv., 2008;
Margis va ctv., 2006). Mdi phan tir OsDCLs c6 vai trd tao ra cac phan tir RNAs nho
khac nhau. Trong d6, phan tt OsDCLI va OsDCL3a c6 vai trd sinh tong hop céc
phan t&r miRNAs c6 kich thuéc 21-24 nu (Feng va ctv.,, 2021); phan to
OsDCL3b/OsDCLS5 va OsDCL4 tham gia tong hop cac phéan tir siRNAs c6 kich thudce
21-24 nu (Song va ctv., 2012). Cac nghién ctru cho thiy c6 5 phan tir OsDCLs dap
ung véi sy xam nhiém cta nim M. oryzae la OsDCLI, OsDCL2, OsDCL3a,
OsDCL3b/OsDCLS5 va OsDCL4 (Du va ctv., 2011; Feng va ctv., 2021; Salvador-
Guirao va ctv, 2019). Trong d6, phan tir OsDCLIa c6 vai trd hd trg cho sy xAm nhiém
clia ndm M. oryzae thong qua su diéu hoa giam cic gen ma hoéa cho phan tu
phytoalexin va cac gen khang OsPRIa va OsPBZ1 (Salvador-Guirao va ctv, 2019).
Bén canh d6, phan tir OsDCLI ciing dugc diéu hoa nguoc (negative feedback) boi
phan tor miR162a (Zhang va ctv., 2015). Nghién ctru gan ddy cho thiy biéu hién ting
osa-miR162a s& gitip ting cuong kha ning khang ndm M. oryzae giy bénh dao 6n &
laa théng qua su kich thich cac gen khang va nong do H,Oa, nhung dong thoi biéu

hién tang osa-miR162a cling lam gidm san lugng lua (Li va ctv., 2020).

Pé tim ra cac miRNAs lién quan dén sy twong tac giita lda va nim M. oryzae,
hau hét cac nghién ctru déu tién hanh phan tich so sanh su thay d6i biéu hién cua cac
miRNAs trén gidng lta khang va giéng lia man cam (Baldrich va ctv., 2015; Li va
ctv., 2019b). Céc nghién ctru hién nay da tim ra 70 miRNAs tir 61 ho miRNAs c6
lién quan dén hé mién dich ciia cay lta giup chdng chiu v6i kha ning xAm nhiém ciia
nam gay bénh dao 6n M. oryzae va cac phan ti elicitors cia nam M. oryzae (Phu luc
1). Hau hét cac miRNAs trong s6 70 miRNAs ké trén déu lién quan dén viéc diéu hoa
céc gen tham gia vao cac hoat dong sinh trudng, phat trién va mién dich & cay lta
nhu: diéu hoa tin hidu hormon (auxin, axit salicylic, axit jasmonic, ethylen), tin hiéu

gbc tu do (reactive oxygen species - ROS) qua trinh sinh tong hop sRNA, va cac gen
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& ving ma dau ciia khung doc mé (upstream open reading frames) (Li va ctv., 2019b).
Céc nghién ctru ciing chi ra rang cac dang biéu hién ciia mot sé miRNAs lién quan
dén kha ning chdng chiu ndm gay bénh dao 6n M. oryzae trén laa (Baldrich va San
Segundo, 2016; Campo va ctv., 2021; Li va ctv., 2019b). Cac nghién ctru nay chia
cac miRNAs thanh 2 nhom bao gdm: nhém miRNAs biéu hién ting (up-regulation)
nhu: osa-miR159a, osa-miR160, miR162, osa-miR166, osa-miR398, osa-miR7695,
osa-miR812w; va nhém miRNAs biéu hién giam (down-regulation) nhu.: miR164,
osa-miR167, osa-miR169, osa-miR319, osa-miR396, osa-miR399, osa-miR439, osa-
miR444, miR1873. Mot s6 nghién ctru khac cling ghi nhan osa-miR162a, osa-miR396,
osa-miR1873 c6 vai trod can bang giita san luong va muc do khang M. oryzae trén ciy
lua (Chandran va ctv., 2019; Li va ctv., 2020; Zhou va ctv., 2020).
1.3. Vai trd va chirc ning clia cic miRNAs lam ting kha ning khiang nim

gay bénh dao on trén laa, Magnaporthe oryzae

DPén thoi diém hién tai, c6 9 miRNAs ¢6 biéu hién tang lién quan dén viéc tdng
kha ning khang nam M. oryzae gy bénh dao on trén lua da dugc cong bd. Trong do
¢6 5 phan tr miRNA ndi bat bao gdbm cac miRNAs sau: osa-miR159a, osa-miR160),

osa-miR162, osa-miR166, osa-miR7695.

Osa-miR159 duoc mo ta 13 c6 lién quan dén kha ning khang nim M. oryzae &
laa théng qua su tc ché gen dich 14 OsGAMYB (Transcriptional activator of
gibberellin-dependent alpha-amylase) OsGAMYBL (OsGAMYBL-like), va OsZF
(zinc-finger) (Chen va ctv., 2021). Cac gen dich nay c6 vai tro trong viéc diéu hoa
céc qua trinh sinh trudng va phat trién ctia cdy laa (Millar va ctv., 2019). Osa-miR159
c6 chibu dai 21 nu, c6 tinh bao ton cao & ciy Arabidopsis va ciy lba; osa-miR159 cd
vai tro e ché cac gen OsGAMYB, OsGAMYBL, va OsZF thong qua qua trinh cat
mRNA ctia cic gen nay. Trén cay lua, mo-dun osa-miR159/0sGAMYB kiém soat cac
gen lién quan dén sy biéu hién axit gibberellic, axit abscisic tir d6 tac dong dén qua
trinh hip thu ning luong va ting cudng chidu cao ¢ lta (Zhang va ctv., 2016¢). Biéu
hién ting osa-miR159a 1am ting kha ning khang ndim M. oryzae & lta (Chen va ctv.,

2021). Bang cach dung k¥ thuat Crisp/Cas9 dé triét tiéu hoat dong ctia cac gen dich
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OsGAMYB, OsGAMYB va OsZF, két qua cho thiy tit ca cac cdy lta dot bién déu co
biéu hién ting tinh khang voi nAm M. oryzae va mirc d6 ton thuong giam so véi ddi
chtng. Ngoai ra, mirc do khang giam dan theo thr ty cic dong lta dot bién gambl,
gamyb va zf. Piéu nay cho thay gen OsGAMYBL déng vai tro quan trong nhét trong
tinh khang bénh dao 6n trén lta so v4i 2 gen con lai. Tuy nhién, kiéu hinh cua cac
dong lua dot bién gen gambl, gamb va zf déu co su phat trién bat thudng, riéng dong
laa dot bién zf ¢6 kiéu hinh it bj bat thudng nhat (Chen va ctv., 2021). Bo gen cia lua
¢6 6 gen ma héa cho osa-miR159, va tao ra cac isoforms (miRNA dong dang) 1a: osa-
miR159a, osa-miR159b, osa-miR159c, osa-miR159d, osa-miR159e va osa-miR159f.
Trong d6, osa-miR159a/b tic ché gen OsGAMYB va OsGAMYBL, va osa-miR159a
dong vai tro quan trong nhat trong viéc tao tinh khang nim M. oryzae & lua, so voi

cac miRNA dong dang con lai (Chen va ctv., 2021).

miR160 13 mot ho miRNA c6 tinh bao ton cao, déng vai tro trong viéc diéu
hoa cac gen ARFs (Auxin response transcription factors genes) & cdy trong (Li va
ctv., 2019b). Trén l4a, biéu hién ting osa-miR160 1am ting kha ning khang ndm M.
oryzae thong qua su trc ché cac gen dich ARFs. BO gen cua 1aa ¢ 6 vi tri gen tao ra
osa-miR 160, tuy nhién chi tao ra 3 isoforms (miRNA d6ng dang) truong thanh 13 osa-
miR160a/b/c/d, osa-miR160e,va osa-miR160f (Livactv.,2019b). O laa, osa-miR160
trc ché 5 gen ARFs (ARFS8, ARF10, ARF13, ARF18, ARF22). Trong d6, osa-miR160a
trc ché cac gen ARFS, ARF10 and ARF13. Biéu hién ting osa-miR160a 1am ting kha
ning khang ndm M. oryzae thong qua trc ché cac gen dich ARFs (Li va ctv., 2019b).
O trang thai binh thuong, osa-miR160a tich liy & mot mac do nhét dinh dé tang
cudng phan tng mién dich bing cach ngin chin su biéu hién ctia ARF. Khi tiép xuc
v6i mam bénh, cdy lua sé kich hoat tich lily ctia osa-miR160a dan dén ting cudng
kha ning chdng lai mam bénh va giam biéu hién ARFs. Trong sb cac ARFs nay, ARF8
hoat dong nhu mot chét diéu hoa giam dbi véi su khang bénh bﬁng cach lién két truc
tiép voi promoter va ngan chin vi khuan phién ma boi WRKY45 (transcriptional
regulators through W-boxes), md hoa mot co quan diéu chinh chinh ctia kha ning

khang bénh (Feng va ctv., 2022). Bén canh do, cac gen ARFs con cd vai tro trong
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viée tac dong dén tin hiéu auxin diéu hoa sinh trudng & ciy trong, cho nén cay lua
biéu hién ting osa-miR160 s& c6 kiéu hinh di thudng nhu lin, hat nho, 14 xoin (Huang
va ctv., 2016), déng thoi e ché tin hiéu auxin 12 mot cach phong v¢ cua thuc vat
trudc sy xAm nhiém ctia mam bénh khi nhiéu loai mam bénh c6 kha nang kiém soat

con dudng auxin gitp ting biéu hién bénh (Wang va ctv., 2007).

miR162 1a mot ho miRNA c6 tinh bao tén & cay trdng, co lién quan dén cing
thang sinh hoc va phi sinh hoc & cay trong (Li va ctv., 2020). Osa-miR162 @c ché gen
dich 1a OsDCLI, gen tham gia vao qua trinh sinh tong hop hau hét cac miRNAs ¢
cay trong. Do vay, khi biéu hién osa-miR162 ting s& din dén sy bat thuong kiéu hinh
& cdy trong (Zhou va ctv., 2010). Lién quan dén dap ung cing thang phi sinh hoc ¢
ciy trong, osa-miR162 1am ting kha ning thich tmg voi kho han thong qua su (e ché
gen OsTRE] (Trehalase precursor 1) & cay laa (Tian va ctv., 2015). O la, biéu hién
tang osa-miR162 1am tang kha nang khang ndm M. oryzae thong qua su tc ché gen
dich OsDCL1, ddng thoi osa-miR162 1am ting muc d6 biéu hién cua cac gen khang
va ting néng do H,0, gitp ciy lta chong lai nim M. oryzae tai vi tri xam nhiém
(Zhang va ctv., 2015). Osa-miR162 c6 2 isoforms la osa-miR162a va osa-miR162b.
Nghién ctru gan day cho thiy osa-miR162a c6 vai tro can bang kha nang khang nim
M. oryzae va san luong lta thong qua sy kiém soat gen dich OsDCLI. Biéu hién ting
osa-miR162a gitp cay lua ting kha nang khang vi nAm M. oryzae, tuy nhién lai 1am
giam san luong 1ua. Nguoc lai, khi biéu hién giam osa-miR162a thi cay lua giam kha

ning khang nAim M. oryzae nhung lai ting san luong laa (Li va ctv., 2020).

miR166 13 mot ho miRNA c6 tinh chat bao ton & cdy trong, dich tan cong 1a
ho gen HD-ZIP III transcription factor, tac dong dén su sinh trudng va mién dich &
cay trong (Li va ctv., 2019b; Salvador-Guirao va ctv., 2018). Cac nghién ciru cho
thiy miR166 lién quan dén cac cing thang sinh hoc va phi sinh hoc & ciy trong, phd
tac dong ctia miR166 rat rong va tiy thudc tig gidng cay trong (Khraiwesh va ctv.,
2012). Ho miR166 c6 khoang 262 isoforms khac nhau & 45 giéng cdy trong, riéng &
laa c6 13 gen MIR166 tao ra 6 isoforms (Li va ctv., 2019b). Sy biéu hién ting miRNA
da nang (polycistronic miRNA) osa-miR166k-miR166h lam tang kha nang khang
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nam M. oryzae trén laa thong qua sy diéu khién gen EIN2 (ethyleneinsensitive 2)
(Salvador-Guirao va ctv., 2018). Tuy nhién, mirc 4o biéu hién cua céac thanh vién
trong ho osa-miR166 c6 sy khac nhau trong qua trinh nhidm nim M. oryzae hoic tiép
xtc voi cac phan tir elicitors cia ndm M. oryzae (Li va ctv., 2019b). Vi du osa-
miR166m giam biéu hién khi dugc xtr Iy v6i cac phan tir elicitors ctia ndm M. oryzae,
trong khi osa-miR166k, osa-miR166j lai ting biéu hién khi tiép xtGc véi nAm M.
oryzae (Campo va ctv., 2013). Piéu nay cho thay cac thanh vién trong ho osa-miR166
¢6 vai tro khac nhau trong viéc diéu hoa cdy lta khang lai nim M. oryzae (Li va ctv.,
2019b). Bén canh d6, biéu hién ting miRNA da nang osa-miR166k-miR166h con gitp
lua ting kha ning khang v6i ndm Fusarium fujikuroi gy bénh la von (Bakanae

disease) (Li va ctv., 2019b).

Osa-miR7695 dong vai tro diéu hoa ting kha ning khang nam M. oryzae va
dugc biéu hién ¢ 1a trong subt giai doan sinh truéng sinh dudng cuia lta (Campo va
ctv., 2013). Osa-miR7695 biéu hién cao & nhom lta chdng chiu va ting muc d6 biéu
hién khi bi nhiém nam M. oryzae (Campo va ctv., 2013; Quoc va ctv., 2019). Hién
tai, osa-miR7695 chi dugc tim thiy & cdy lua, bao gém ca & giéng lua japonica va
indica (Campo va ctv., 2013; Quoc va ctv., 2019). Osa-miR7695 tin cong gen dich
la OsNramp6 (Natural resistance-associated macrophage protein 6). Gen OsNramp6
doéng vai tro trong viée diéu hoa néng d6 ion kim loai sit va mangan ¢ la. Biéu hién
tang phan tir OsNramp6 lam giam kha nang khang v6i nam M. oryzae thong qua co
ché 1am giam ndng dd ion st & laa (Peris-Peris va ctv., 2017). Tong cong c6 8 bién
thé phién ma ctia gen OsNramp6 sau qua trinh cat ndi (alternative splicing). Trong
d6, bién thé OsNramp6.1 va OsNramp6.8 c6 lién quan dén kha ning khang ndm gy
bénh dao 6n trén lha (Campo va ctv., 2013; Peris-Peris va ctv., 2017).

1.4. Vai tro va chirc niing ciia cic miRNAs lam giam kha ning khang nim
gay bénh dao on trén lGa, Magnaporthe oryzae.

Cho dén nay, c6 9 miRNAs c6 biéu hién ting lién quan dén lam giam kha ning

khang nim M. oryzae giy bénh dao on trén lua da duoc mo ta chirc ning, trong dé co
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5 phan tr ndi bat bao gém: osa-miR164, osa-miR167, osa-miR169, osa-miR319, osa-
miR396.

miR164 13 mot ho miRNA c6 tinh bao t6n cao & cdy trong, gen dich 1 ho gen
NAC transcription factor. Ho gen NAC transcripition factor 12 mdt trong nhitng ho
gen TF (Transcription factor) 1én nhit ¢ ciy trdng, tham gia vao cac qua trinh diéu
hoa sy sinh trudng, phat trién, dap ing véi cing thiang sinh hoc va phi sinh hoc & ciy
trong (Fang va ctv., 2014; Yuan va ctv., 2019). Gen NAC duoc chia thanh 3 nhém
nho (NAM, CUC va ATAF) tuy thudc vao cau trac ving C-terminal ciia protein NAC
(Yuan va ctv., 2019). O 1laa, c¢6 khoang 151 gen NAC, mdi gen NAC & laa lai c6 vai
tro khac nhau (Yuan va ctv., 2019). Vi du nhu biéu hién ting OsNACI0, OsNACI14
lam tdng kha nang chéng chiu han ¢ laa (Jeong va ctv., 2010; Shim va ctv., 2018);
biéu hién ting OsNAC4 1am ting qua trinh chét ¢ té bao lua (Kaneda va ctv., 2009);
biéu hién ting OsNAC111 lam tang muc d6 biéu hién cua cac gen khang chdng lai
nam M. oryzae & lta (Yokotani va ctv., 2014); biéu hién ting OsNACG66 1am ting
mitc 46 khang nAm M. oryzae & lta (Yuan va ctv., 2019). Nghién ctru gan day cho
thiy biéu hién giam OsNAC60 1am ting sy man cam v6i ndm M. oryzae, hay néi cach
khac 14 biéu hién ting OsNACG60 s& 1am ting kha ning khang véi ndm M. oryzae
(Wang va ctv., 2018). O laa, ho osa-miR164 bao gdm 6 isoforms (osa-miR164a/blf,
osa-miR164c, osa-miR164d, osa-miR164e) trong d6 osa-miR164a c6 vai tro (e ché
tryc tiép doi véi OsNAC60. Biéu hién ting osa-miR164a 1am giam kha niang khang
v6indm M. oryzae (Wang va ctv., 2018). Nghién ctru ciing cho thdy OsNAC60 c6 vai
trd lam tang dap tmg mién dich & cdy trong thong qua cac hoat dong nhu ting mirc
do tich liy ROS, tang muc dao thai ion (ion leakage) tdng tich liiy callose va tang
mitc do biéu hién cua cac gen khang (Wang va ctv., 2018). Ngoai ra, nghién ctru gin
day cho thiy osa-miR64 dugc kiém soat boi mo-dun osa-miR168/AGO trong viée tao
tinh mién dich v&i nAm M. oryzae (Wang va ctv., 2021a).

miR167 13 mot ho miRNA c6 tinh bao ton & cay trong, gen dich tin cong 14 ho
gen Auxin responsive factor (ARF) va gen Nucleotide leucine repeat (NLR) (Zhao va

ctv., 2019). Auxin 1a mot hormon chinh & cay trong c6 vai tro diéu hoa cay trong sinh
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treong va phat trién, tir giai doan phdi dén khi cay chét. Cac nghién ctru cho thiy
auxin diéu hoa tt ca cac qué trinh trén bang cach diéu khién su biéu hién gen thong
qua cac nhan t6 phién mi ARFs (Li va ctv., 2016a). Nhin td ARF gin vao ving
promoter ctia cac gen dugc diéu hoa boi auxin (auxin-related gene —4RG) dé kich
hoat hoic trc ché dya vao ving domain dic trung (4uxRE) cia protein duoc ma hoa
boi gen ARG (Li va ctv., 2016a). Cac gen ARFs co6 vai tro khac nhau, hoat dong &
giai doan phién mi va sau dich ma d6i véi gen duogc diéu khién (Li va ctv., 2016b).
Mtic d6 biéu hién cua cac gen ARFs duogc kiém soat bai cac microRNAs (Baldrich
va ctv., 2015; Li va ctv., 2016b). Hoat dong cua cac gen ARFs & lha va Arabidopsis
tuong dong véi nhau, trong d6 ARF6, ARFS, ARFI2 1a gen dich cua osa-miR167;
ARF10, ARF6 va ARF17 1a gen dich ciia osa-miR160 (Li va ctv., 2016a; Zhao va ctv.,
2019). O l4a, osa-miR167 c¢6 10 thanh vién (tir osa-miR167a dén osa-miR167j) trong
d6 osa-miR167d tic ché tryc tiép gen dich ARF12. Biéu hién ting ctia osa-miR167d
1am giam kha ning khang ndm M. oryzae thong qua su trc ché gen ARF12 & thoi diém
24h sau khi nhiém ndm M. oryzae (Zhao va ctv., 2019). Nghién ctru cho thay biéu
hién ting ARF12 1am ting muc d6 biéu hién gen OsGH3-2 (auxin-responsive GH3
gene) 1a gen c6 vai tro bat hoat J4A4 (mot dang hormon auxin). Biéu hién tang hormon
IAA 1am ting mtc d6 min cam voi nAm M. oryzae thong qua viée tao ra protein
expansin, protein lam giam d6 ciig cap cuia thanh té bao cay lta (Fu va ctv., 2011).
Tom lai, khi ting mirc do biéu hién ARF12 s& 1am tang muc do khang voi nam M.

oryzae ¢ lua (Fu va ctv., 2011; Zhao va ctv., 2019)

miR169 13 mot ho miRNA c6 17 thanh vién, tan cong vao gen dich 1a NF-YA4
(nuclear transcription factor Y subunit) (Li va ctv., 2019b). Ho gen NF-Ys 1a mot ho
gém nhiéu thanh vién, san phém la cac protein tiéu don vi gén dac hiéu vao CCAAT-
box & ving promoter (upstream) va didu hoa cac gen vung ha ngudn (downstream)
(Zhao va ctv., 2017). Bén canh protein tiéu don vi NF-YA, con c6 NF-YB va NF-YC,
cac tiéu don vi nay hop thanh protein thé ba (heterotrimer protein) c¢6 hoat tinh
(Mantovani, 1999). O cay trong, cac tiéu don vi NF-Ys duoc ma hoa béi mot nhom

gen ¢6 s6 luong khac nhau ¢ mdi loai cay trong. Vi du nhu & lta, ¢6 11 gen NF-YA,
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11 gen NF-YB va 7 gen NF-YC; con & Arabidopsis thi c6 10 gen NF-YA, 10 gen NF-
YB va 10 gen NF-YC (Petroni va ctv., 2012). O laa, 8 trong s6 11 gen NF-YA duoc
bao cdo 1a gen dich cua osa-miR169, bao gdm NF-YAI dén NF-YAG6, NF-YAIO va
NF-YAII (Liva ctv., 2017). Su gia ting biéu hién ctia OsNF-YA giup ting kha ning
khang nam, vi khudn (Li va ctv., 2017). Nghién ctru cho thay, M6-dun miR169/NF-
YA c6 vai trd khac nhau trong viéc diéu hoa chdng lai cic cing thang phi sinh hoc
(abiotic stress) & thyc vat (Li va ctv., 2017). Cac nghién ctru cho thiy biéu hién ting
osa-miR169 1am giam kha ning khang nim M. oryzae & ciy lta (Dong va ctv., 2018;
Li va ctv., 2017). Trén laa, osa-miR169 duoc biét dén nhu mot phan tir didu hoa giam
kha ning mién dich cia cdy lta d6i voi nAm giy bénh dao on M. oryzae. Tuy nhién,
co ché hoat dong cua osa-miR169 thi van chua dugc kham pha ro rang (Li va ctv.,
2017). Thi nghiém trén giéng lua chuyén gen c6 biéu hién ting cao osa-miR169a cho
thay cay ltia trd nén cuc ky man cam véi nhiéu chung nim M. oryzae, dong thoi cay
laa giam biéu hién cac gen khang va giam tich liy H2O2. Nguoc lai, khi cho cay lua
biéu hién gen dich gia dé bat giir cac phan tir osa-miR169a thi cay lua duoc ting
cudng kha ning khang ndm M. oryzae (Li va ctv., 2017). Tom lai, osa-miR169 diéu
hoa giam kha ning khang nAm M. oryzae thong qua su trc ché gen dich NF-YA.

miR319 13 mot ho miRNA c6 tinh bao ton cao & cdy trong, gen dich tan cong
1a OsTCP21 (Teosinte branched/cycloidea/proliferation cell factor 21) gen OsTCP21
¢6 vai trd ma hoa cho nhan t6 phién ma diéu hoa cac hoat dong sinh truong, phat trién
va mién dich cta cdy trong (Fang va ctv., 2021; Lopez va ctv., 2015). M6-dun osa-
miR319/TCP21 da dugc bao cao co lién quan dén viéc tang cudng kha ning chong
chiu v6i cac cing thang phi sinh hoc ¢ lta nhu: ting kha nang chong chiu lanh (Wang
va ctv., 2014), ting cudng san lugng lta (Wang va ctv., 2021b). Trong diéu kién binh
thuong, TCP c6 vai trd ting cuong hé théng mién dich ETI thong qua TIR
(Toll/interleukin-1 receptor) va NLR (nucleotide-binding domain leucine-rich repeat
protein). Tuy nhién, mot sé sinh vat gay bénh cé thé loi dung TCP dé diéu khién hé
théng mién dich & cay tréng va kich hoat hé théng hd tro effector cia mam bénh ETS

(effector-triggered susceptibility). Cac nghién ctru cho thay, ¢ trén lda sinh vét gay
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bénh c6 thé su dung mo-dun osa-miR319/0sTCP21 dé mo duong cho sy xdm nhiém
ctia virus gy bénh vang lun xoén 14 ua (Rice ragged stunt virus-RRSV) thong qua sy
trc ché con dudng Jasmonic acid. Biéu hién ting osa-miR319 1am ting mic d6 min
cam v6i RRSV (Zhang va ctv., 2016a). Hodc ndim M. oryzae ciing sir dung mo-dun
0sa-miR319/0sTCP21 tc ché con duong axit Jasmonic dé tir 46 mé dudng cho sy
x4m nhiém ctia nAm M. oryzae trén la. Biéu hién ting osa-miR319/0OsTCP21 1am

ting mirc 46 man cam cua lda v6i nAm M. oryzae (Zhang va ctv., 2018)

miR396 13 mot ho miRNA c6 tinh bao ton cao, gdm c6 8 bién thé, gen dich tan
cong 1a gen Growth regulating factor (GFR) (Gao va ctv., 2015). osa-miR396 diéu
hoa giam kha niang khang ndm M. oryzae thong qua su kim ham cac gen OsGRFs
(Chandran va ctv., 2019). T6 hop osa-miR396/0OsGRFs diéu chinh su can bang giira
nang suét la va kha nang khang nim M. oryzae (Chandran va ctv., 2019; Duan va
ctv., 2015). O laa, co tat ca 12 gen OsGRFs chia 1am 3 nhom c6 dic tinh tuong dong
nhau la: nhom 1 (OsGRFI, OsGRF2, OsGRF3, OsGRF4, OsGRF5) nhom 2
(OsGRF6, OsGRF7, OsGRFS, OsGRF9) va nhom 3 (OsGRFI10, OsGRFII,
OsGRF12). Trong 3 nhém gen OsGRFs, chi c6 duy nhat nhom 2 c6 biéu hién ting
manh khi c6 sy xAm nhiém ctia nAm M. oryzae, va nhém 2 c6 vai tro ting cudng kha

nang khang ndm M. oryzae trén lia (Chandran va ctv., 2019).

Céac nghién ctru cho thdy, osa-miR7695 c6 vai trd diéu hoa ting kha ning
khang ndim M. oryzae & laa thong qua sy tc ché gen OsNramp6 (Campo va ctv.,
2013). Sau day, tac gia xin trinh bay vé vai trd va chirc ning ctia gen OsNramp6 tham
gia trong qua trinh diéu hoa cay laa chéng chiu lai nAm gay bénh dao on,

Magnaporthe oryzae.

1.5. Vai tro va chirc ning ctia gen OsNramp6
O cay tréng, cac ion kim loai dugc van chuyén bdi cac protein van chuyén nam
trén mang té bao, bao gdm cac ho protein van chuyén nhu P1B-ATPase, NRAMP,
CDF, va ZIP (Maestri va ctv., 2010). Cac protein van chuyén nam trén mang plasma

doéng vai tro van chuyén va diéu hoa luong ion kim loai & cay trong (Komal va ctv.,
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2015). Trong s cac ho protein van chuyén ké trén thi ho protein NRAMP duoc phat
hién c6 vai trd trong viéc diéu hoa cay laa khang lai nAm M. oryzae (Campo va ctv.,

2013).

Céc protein NRAMP dugc phat hién dau tién & dai thuc bao cua chudt (Vidal
va ctv.,1993), sau d6 ching duogc phat hién ¢ vi khuan, nAm men, tdo, nAm méc, cay
trdng, va dong vét (Nevo va Nelson, 2006). Cac thanh vién trong ho protein NRAMP
c6 vai trd trong viéc van chuyén cac ion Mn2*, Zn?*, Cu?*, Fe?*, Cd**, Ni%*, Co*", va
APt (Sasaki va ctv., 2012). Chirc niang van chuyén ion kim loai ctia protein NRAMP
dugc bao t6n O tat ca cac gidi (Peris-Peris va ctv., 2017). Cac nghién ctru vé chirc
nang cua gen Nramp hau hét duoc tién hanh trén cdy lua (Oryza sativa) va ciy
Arabidopsis. C6 téng cong 6 gen Nramp & Arabidopsis va 8 gen Nramp & lua
(Belouchi va ctv., 1997; Thomine va ctv., 2000). Trong d6, AtNramp1 va (OsNramp],
OsNramp3) c6 su tuong dong, dong vai trd trong viéc diéu hoa nong do sit & cay
Arabidopsis va laa (Curie va ctv., 2000). AtNramp3 va AtNramp4 dong vai tro trong
viéc diéu khién su can bang nong d6 Mn?* (Lanquar va ctv., 2010), ngoai ra khi ting
biéu hién AtNramp3 din dén su nhay cam v6i Cd2* 6 1& va ting cudng sy tich liy sit
(Thomine va ctv., 2003). AZNRAMPS5 d6ng vai trd trong viéc van chuyén Fe** va Mn?*
tham gia vao kha nang hitu thu & Arabidopsis thaliana (Pottier va ctv., 2013).
AtNramp6 ddng vai tro trong van chuyén Cd2* va khi AtNramp6 biéu hién ting s& dan
dén tang cuong mirc do man cam véi Cd** & Arabidopsis thaliana (Cailliatte va ctv.,

2009).

O lta, c6 tat ca 8 gen Nramps ma hoa tao ra 8 protein NRAMPs, duoc danh sb
thr tu ttr OsNRAMP1 dén OsNRAMPS (Gross va ctv., 2003), cac protein OsNRAMPs
nay ciing déng vai trd trong viéc van chuyén, can bang cic ion kim loai & cdy laa
Oryza sativa. Trong 46, OsNRAMP1 d6ng vai trd trong viéc van chuyén Fe?*, Cd?*
va Asen nhung khong van chuyén Mn?" (Tiwari va ctv., 2014). Gen OsNramp! chu
yéu duoc biéu hién & ré, con OsNramp2 duoc biéu hién ¢ 14, OsNramp3 duoc biéu
hién ¢ ca 14 va r& (Belouchi va ctv., 1997). Nghién cru gan day cho thiy protein

OsNRAMP?2 duoc kich thich chi1 yéu ¢ trong chdi khi ndong d Cadmium tich liiy cao
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(Zhao va ctv., 2018). Khac véi protein OsNRAMP1 khong c6 chirc ning van chuyén
Mn?*, protein OsSNRAMP3 ¢6 thé van chuyén dugec Mn2* va phan phdi trong cac bé
mach, dic biét 1a t& bao mach rdy (Yang va ctv., 2013). Hau hét cac protein
OsNRAMP van chuyén ion héa tri 2, chi riéng protein OSNRAMP4 1a c¢é chirc ning
véan chuyén dugc AP, ion 3 hoéa tri (Peris-Peris va ctv., 2017). Protein OsSNRAMP5
c6 chirc ning van chuyén Fe?", Mn?* va Cd?** (Ishimaru va ctv., 2012). Protein
OsNRAMP6 ¢6 vai tro twong ty protein OSNRAMPS5 1a van chuyén Fe?" va Mn?".
Céc nghién ctru gan day cho thay gen OsNramp6 con dong vai trod trong viée diéu hoa
cay lta (Oryza sativa) chong lai nAm M. oryzae (Campo va ctv., 2013; Peris-Peris va

ctv., 2017).

Sau qua trinh cét ndi thay thé (alternative splicing) gen OsNramp6 tao ra 8
bién thé phién ma khac nhau (08 transcript variants) dugc danh sé thir ty tir 1 dén 8
(OsNramp6.1 d&én OsNramp6.8). Trong d6, doan dai nhat duoc ky hiéu 1 I-Nramp6
(Os01g31870.1) chira day du trinh ty ctia gen Nramp6 va doan ngin nhét dugc ky
hiéu 13 s-Nramp6 (Os01g31870.8) do thiéu doan intron 6 (Peris-Peris va ctv., 2017).
O laa, gen OsNramp6 doéng vai tro trong viéc cin bang ndng do Fe?*. Khi gen
OsNramp6 biéu hién ting thi din dén kha nang khang nam M. oryzae giam (Campo
va ctv., 2013). Gitra gen OsNramp6 va osa-miR7695 c6 sy tuong tac voi nhau, cu thé
13 0sa-miR7695 ttc ché sy biéu hién cua gen OsNramp6 dan dén khi osa-miR7695
biéu hién tang thi cay lua ciing ting cuong kha nang khang lai nAim M. oryzae thong
qua sy tc ché gen OsNramp6 (Campo va ctv., 2013). Trong nghién ctru cia Campo
va ctv., 2013) cho rang chi c6 duy nhét bién thé c6 chiéu dai ngan nhat s-Nramp6
(OsNramp6.8) chira trinh tu bd sung voi tién phan tir osa-miR7695 (osa-miR 7695
precursor) dong thoi mirc do tich lily ctia s-Nramp6 ciing giam khi osa-miR7695 ting

biéu hién.



25

Chwong 2. NOI DUNG VA PHUONG PHAP NGHIEN CUU
2.1. N¢i dung nghién ctru

Danh gia kha ning chong chiu hoic min cam véi ndm giy bénh dao 6n
(Magnaporthe oryzae) trén 19 gidng laa trong & Viét Nam.

Xac dinh su hi¢én dién va phan tich muac do biéu hién ctia mot sb phan tr
microRNA (osa-miR7695, osa-miR169a, osa-miR160a) trén cac gibng lta chong
chiu va man cam véi ndm M. oryzae.

Panh gia mirc do biéu hién cta cac bién thé phién ma (transcripts) OsNramp6
trén cac nhom ltia chéng chiu va nhém lia man cam v6i nam M. oryzae.

Tim hiéu mdi lién hé gitta cac bién thé phién ma OsNramp6 va mot sb
microRNAs lién quan dén kha ning khang véi ndm gdy bénh dao 6n, M. oryzae.

2.2. Thoi gian va dia diém nghién ctru

Nghién ctru dugce tién hanh tir thang 10 nim 2015 dén thang 10 ndm 2020 tai
Vién Cong Nghé Sinh Hoc va Mé61 Truong, Truong Pai Hoc Nong Lam TP.HO Chi
Minh.

Céc gidng lua thi nghiém duoc thu thap & cac Vién, cong ty, ving trong laa &
cac tinh thudc Viét Nam. Cac giéng lta thi nghiém dugc trong tai nha ludi Trudng
Pai Hoc Nong Lam TP.H6 Chi Minh.

Nghién ctru muc do biéu hién cia cac phan tir microRNAs va cac bién thé
OsNramp6 dugc thyc hién tai phong thi nghi¢m thudc Vién Cong Ngh¢ Sinh Hoc va
Moi Trudng, Truong Dai Hoc Nong Lam TP.H6 Chi Minh.

2.3. Vat li¢u nghién ctru

19 gidng lua thu thap dugc & cac vung trong lta thudce cac tinh mién Béc, mién
Trung, mién Nam Viét Nam (Bang 2.1)

Ngudn mau nam gy bénh dao on M. oryzae LBT2 duoc lay tir bd suu tip
mAu nim giy bénh dao 6n M. oryzae ty phan lap (Hoa va ctv., 2016) duoc thu thap ¢
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cac vung trong lua thude céc tinh thanh mién Bac, mién Trung va mién Nam Viét

Nam.

Mo6i Truong nudi cay nam M. oryzae:

+ Moi truong CM (mdi truong ting sinh nam M. oryzae) 1,5g casamino
acid 0,3%; 1,5g cao nam men 0,3%; 2,5g duong sucrose 0,5%; pha trong 500ml nudce

cat.

+ Moi truong OMA (oat meal agar) (mdi truong phat trién bao tir nAm M.

oryzae) Bot yén mach 25g; duong sucrose 15g; Agar 20g; nudc cat dén 1000ml.

+ Mbi trudng téng hop PDA (Potato dextrose agar) (Moi truong cho su
phat trién ciia nam M. oryzae) (Himedia-An Do) bot 1ong khoai tdy 200 g/1, Dextrose
20 g/, Agar 15 g/l, pH 5.6.

DNA 1y trich tir cic mau ndm M. oryzae va dugc st dung dé dinh danh nim
M. oryzae bang ky thuat PCR vé&i primer Pot2 transposon (Pot2-F: 5’
CGTCACACGTTCTTCAACC 3’ va Pot2-R: 5° CGTTTCACGCTTCTCCG 3’)
(Harmon va ctv, 2003).

RNA tong duoc 1y trich theo phwong phap Trizol tir cay laa 14 ngay tudi & cac
thoi diém 24h, 48h, 72h sau khi cho nhiém ndm M. oryzae.

Hoa chét st dung cho k¥ thuat QRT-PCR: SensiFAST SYBR No-ROX mix
(Bioline, UK), DNase [-RNase free (ThermoFisher, USA), cac doan primer phién ma
nguoc, cac doan primer cho phan tich biéu hién osa-miR7695, OsNramp6, osa-
miR169a, osa-miR160a, EDTA 0.5M, TransAmp Buffer, Reverse Transcriptase. Hoa
chat dé dién di san pham PCR: agarose (Promega, M¥), TBE bufer 1X (Promega,
M¥), ladder 100 bp, 1kb (Promega, M¥). Hoa chat dé thyc hién tong hop cDNA:
RNA t6ng s6, ProtoScript IT reaction Mix 10X va 20X. Hoa chat dé thyc hién qPCR:
Mastermix (Gotag), doan primer, cDNA, nudc tinh khiét khong RNAase.

Céc thiét bi: Kinh hién vi, nbi hap khir tring (Tommy — Nhat Ban), can dién
tr (Ohaus — Trung Qudc), bép dién, tu cdy (Thién Truong Scientific — Viét Nam), ti
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mat, ti lanh -20 °C, ti sy ( Boxun — Trung Qudc), mdy vortex (EMCLAB — Dic),

may lic (Stuart Scientific — Anh), may PCR (Eppendoft — Puc), may ly tdim

(Beckman Coulter — M¥), bdn dién di (Advance — Nhat Ban), may chup gel
(MultiDoc — It — M¥), 10 vi song (Electrolux — Nhat Ban), khay d6 gel (OPTIMA,
Nhat), dén Blacklight.

Dung cu va vat tu tiéu hao khéc: dén con, que cay tam giac, que cdy moc, kim

mili mac, lame, lammele, dia Petri, binh tam giac, becher, binh cau, nudc cat 2 lan,

cdc thuy tinh, gidy tham nudc, micropipette va dau tube cac loai.

Bang 2.1. Danh sach giéng la st dung trong thi nghiém.

STT Giong lua Pic diém Vi tri thu nhan
(Huyén, Tinh)
1 ST5 Gao thom Tran Dé, Soc
Trang
2 Caroline gold Gao hat dai Hoa Ky
3 RVT Fragrant rice Can DPudc, Long
An
4 OM8017 Giong lta thuin (OMS5472 /|Long My, Hau
Jasming&5) Giang
5 OM5451 Giong lta thuan (Jasmine 85/OM | Viing Liém, Vinh
2490) Long
6 IR50404 Gao chuan IRRI
7 OM2517 Gao lai (OM1325 / OMCS94) Phung Hiép, Hau
Giang
8 OM6162 Gibng lta thudan (C50 /| Thanh Phu, Kién
Jasmine85) Giang
9 OM9582 Giong lta thuin (OM6976 /| Tam Nong, Pong
OM5166) Thép
10 | OM9921 Giong lua thuan (OM2517 / Rong | Khanh Binh, Ca




28

xanh // Lua dai 72) Mau
11 Nang Hoa 9 Gidng lua cao san Tan An, Long An
12 | Jasmine85 Gidng lua thom cao san IRRI
13 | OM4900 Giong lta thuan (C53 /| Tri Tén, An Giang
Jasmine85)
14 | OMS576 Giong lta thuan (Hunggary /|Long Xuyén, An
IR48) Giang
15 | OM7347 Giong ltia thuan (KDM / BL) Vinh Loi, Bac Liéu
16 | BCIS Giong lua cao san Cong ty giong Thai
Binh.
17 | OM344 Giong Ilta chat lwong cao|Long My, Hau
(CK2003 / OM2008) Giang
18 | OM4218 Giong lua thuan (OM 2031 /|Chau Ph, An
MTL250) Giang
19 | OM6976 Giong lua thuan (IR68144 /|Chau Ph, An
OM997 // OM2718 /// OM2868) | Giang
20 | MH480 Gidng lua lai Pong bang song
Cuu Long

2.4. Phuong phap nghién ciru

2.4.1. Phwrong phap xac dinh va danh gia kha ning chong chiu véi nim

M. oryzae trén cac giéng lia thi nghiém.

Céc gidng lua (Bang 2.1) dugc thu thap 1a cac giéng la lai duoc trong & cac
ving trong lta dang canh tac thudc céc tinh thanh & mién nam Viét Nam. Cac gidng
dugc chon theo tidu chi sat vai thuc té, 14 cac giéng laa dang dugc canh tac va khong
chon cac giéng lta thudn. Cac giéng lta dugc tac dong boi tic nhan gy stress (nAm
gy bénh dao on) dé tir d6 danh gia mirc d6 biéu hién ctia microRNA (osa-miR7695,

osa-miR169a, osa-miR160a) va cac bién thé OsNramp6 & cac thoi diém sau 1y nhiém
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khac nhau. Viéc phan biét mirc d6 khang ndm M. oryzae bang cach do murc do nhiém
bang phan mém Access 2.0 (Lamari, 2008). Phan mém Access 2.0 di dugc ing dung
trong viéc phan biét va man cam v6i nim gay bénh dao 6n (Campos-Soriano va ctv.,
2020). Trong d6, cac giéng lua chdng chiu manh c6 mic d6 nhiém dudi 25%

(Phansak va ctv., 2021).

Thi nghiém don yéu té duge bd tri theo kiéu hoan toan ngiu nhién véi 3 lan
lap lai twong Ung 3 chau cho mdi nghiém thirc danh gia. Hat giong ctia mdi nghiém
thire duge khir tring trude khi nay mam bang cach lic qua dung dich Ethanol 70%
trong 5 phut, rira lai v6i nudce cat 3 1an, tiép dén khir tring bang Javel 1% trong 60
gidy va tiép tuc rira sach bang nudc cat tiét tring. Sau do, cac hat giong lta dugc
ngam trong dia petri trong 36 gid va i 4m trong 48 gid dé cac hat gibng nay mam va
dugc gieo vao cac chau nhya kich thude 18-14 cm (twong umg chiéu cao-ngang) voi
mdi chau 5 hat. Cac giéng lta dugc trong thanh ciy con 14 ngay tudi trong nha ludi
cua phong thi nghiém RIBE302- 304, Vién nghién ctru Cong nghé sinh hoc va moi
truong, Trudng Pai Hoc Nong Lam TP. Ho Chi Minh trudc khi chung bénh theo quy
trinh cia Campo va ctv. (2013).

Trong nghién ctru ndy, cac mau nam giy bénh dao 6n dugc phan lap tir cac
mau 14 laa nhiém bénh dao on tai Déng Nai, Tién Giang, sau d6 dugc dinh danh loai
va kiém tra tinh chuyén biét bang primer Pot2 transposon theo phwong phap da dugc
mo ta trude day (Harmon va ctv., 2003). Nhitng mau ndm gay bénh dao 6n duoc kich
bao tir trong mdi trudong oat meal agar & nhiét dd 25 °C trong thoi gian 6 ngay. Céc
soi nam s& duogc loai bé bang cach cha xat trén bé mit moi truong nudi ciy bang
thanh bong gon tiét trung va gitt mau & nhiét d6 25 °C trong hai ngay duéi dén UV
chuyén biét. Bao tir s& duoc thu hdi bang cach thém nudc cat vao méi trudng nudi
cdy, cha xat trén bé mit bang thanh béng gon tiét trung, loc bang gidy kimwipe va
dém trén budng dém té bao hong cau duéi kinh hién vi. Mau nam s& duoc nudi cay
trong 100 ml moi trudong CM 1éng (0,3% casamino acids, 0,3% yeast extract, 0,5%

sucrose) & 26 °C cho viéc chiét xudt DNA tong s theo huéng din cta kit GeneJET
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Plant Genomic DNA purification va thuc hién phan tmg PCR dé dinh danh bang primer Pot2

transposon (Phu luc 2.1).

Pé chuan bi cho dung dich huyén phu bao tir nAm gy bénh dao 6n, miu nim
phan 14p M. oryzae LBT2 dugc lay tir bo suu tp giéng ndm giy bénh dao 6n M.
oryzae (Hoa va ctv., 2016) nudi cay trén dia petri chtra moi truong oatmeal agar (25
g oatmeal, 15 g sucrose, 20 g agar, 1000 ml nuéc cat) trong 2 tuan. Tiép d6, chuyén
dia petri vao t6i, chiéu dén Blacklight tao UV trong thoi gian 2-3 ngay & 25 °C dé
kich thich bao tir ndy mam. Sau do, bao tir M. oryzae LBT2 dugc phan 1ap, quan sat
dué6i kinh hién vi quang hoc va dém sd luong bang budng dém té bao hong ciu
(Hemocytometer). Tiép theo, bao tir ndm M. oryzae LBT2 duoc pha lodng ¢ nong do
1x10° -5x10° bao tit/ml va tron v6i dung dich Tween20 0.1%, sau d6 phun suong

dung dich bao tir ndy 1én 14 lta 14 ngay tudi caa 19 giéng lta (Bang 2.1).

L4 laa sau khi phun bao tir nAm M. oryzae s& duge dua vao trong toi, am &
nhiét 46 25 °C dé qua dém va sau d6 dua ra nha luéi. Theo ddi va ghi nhan két qua
mdi nghiém thirc 5 cAy cho mot lan 1ap lai va theo doi 14 thir hai tir 14 thanh thuc trén
cung. Vung 14 bi nhiém caa 19 giéng lta dugc thu thap & cac thoi diém 24h, 48h, va
72h sau khi nhiém (hour post innoculation - hpi). Cac mau 14 duoc trit lanh va ly trich
dé thu thap RNA tong. Sau 5-7 ngdy, cic mau 13 lta nhiém nidm M. oryzae duoc thu
thap 3 14 cho mot cay lta (1ap lai 5 cdy cho mdi nghiém thirc) va danh gia mic do
nhiém bang phan mém Assess 2.0 (APS Press, USA) (Lamari, 2008) dé so sanh mtrc
d6 nhiém theo cong thirc:

[Mtrc ¢6 nhiém (%) = (dién tich nhiém/ dién tich 14)*100].

2.4.2. Phuong phap chiét xuat RNA.

RNA tong (bao gdm miRNA) ciia mau 14 nhiém bénh & cac thoi diém khac
nhau dugc chiét xuat bang Trizol, trong moi trudng vo tring va khong c6 RNAase,
theo huéng dan cua nha san xuat (Thermo Fisher Scientific, USA). Quy trinh tién
hanh nhu sau: 1 g mau 14 dugc nghién voi nito 16ng sau d6 thém 1 ml Trizol va giir

10 phat & nhiét d6 phong. Tiép do, cho thém 200 pL chloroform (giir lanh) vao va ly
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tam & toc do 10.000 rpm trong 10 phut. Dich ndi dugce chuyén vao dng eppendorf
1.5ml, sau d6 thém 600 pl isopropanol va cho két tiia & nhiét d6 —20 °C dé qua dém.
Ngay tiép theo, 1ay hdn dich dem di ly tam 20 phit & tc d6 10.000 vong/phut va ldy
phan két tia dem di rira véi diethyl pyrocarbonate (DEPC) ethanol 2 lan va dé kho
trong chan khong. Cubi cing, phan két tua duoc hoa tan v6i 100 uL nude khong cd
nuclease. Do ndéng d6 va mirc do tinh khiét cia RNA biang may NanoDrop™ 1000
(Thermo Fisher Scientific Inc., USA). TAt ca cac mau RNA duogc xt 1y véi DNase 1,
Amplification Grade (Invitrogen, USA) dé loai bo cac phan tir DNA ton du. Quy trinh
xtr 1y v6i DNase I nhu sau: 1 pg RNA tong duoc hoa tan v6i buffer DNase I 1X dé
cho ra dung tich 1a 50 pL, tiép d6 thém DNase (200 U/ml) va &t & 37 °C trong 10 phit.
Cudi cung, dé bét hoat phan ung, EDTA 0.5 M dugc thém vao vau ¢ 75 °C trong 10
phut (Phu luc 2).

2.4.3. Phuwong phap xac dinh su hién dién cua phan tir osa-miR7695 trén

cac giong lia thi nghiém.

K§ thuat nested RT-PCR duogc st dung dé xac dinh sy hién dién cta osa-
miR7695 & 19 gidng lua voi cac doan primer dic hiéu (Campo va ctv., 2013) (Hinh
2.1) (Bang 2.2). Quy trinh dugc tién hanh nhu sau: RNA tong (Total RNA) dugc
phién ma nguoc thanh cDNA bang kit SensiFAST ¢cDNA Synthesis (Bioline, UK)
(Quoc va ctv., 2019) (Phu luc 3). San pham sau khi chay RT-PCR ctia osa-miR7695
duoc nhan dong (clone) vao trong vector pJETI.2 va chuyén vao té bao E.coli DH5¢.
bang phuong phap sc nhiét (Thermo Fisher Scientific, USA). Phuwong phap nay dugc
tién hanh nhu sau: mot khuan lac don E.coli DH5a duy nhat thu hdi tir dia thach dugc
nudi cay trong 1 ml méi trudng LB va 1 trong ti @ lic ¢6 tde do 200 rpm & nhiét do
37 °C trong 12-16 gio. Tiép dén bo sung 99 ml méi trudng LB va tiép tuc U lic trong
3 - 4 gid cho dén khi do mat d6 quang cua miu ¢ bude song 600 nm dat 0.4. Dich
nudi cay té bao duoc dit trén da trong 20 phut sau d6 1i tim lanh & 4 °C, 4000 rpm
trong 10 phut va loai bé phan méi truong nudi cy. Sinh khoi té bao sau li tim duoc
tai huyén phu trong 20 ml CaCl, 0,1M lanh trong 30 phut sau d6 tiép tuc li tAm lanh
& 4 °C, 4000 rpm trong 10 phut, loai bo phan dich ndi va tai huyén phu trong 5 ml
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hdn hop CaCl, 0,1M + 15% glycerol, trit trong ti 4m sau -80 °C chuan bi cho phan
ung sbc nhiét. O giai doan soc¢ nhiét, cac té bao duoc lam tan bang, bo sung 1-5 pl
(10 pg — 100 ng) plasmid va u trén d4 trong 30 phut. Sau d6 chuyén hon hop (& bao
— plasmid) sang bé u nhiét & 42 °C trong 30 gidy va dat trén da trong 2 phut. Tiép d6
bd sung 1ml méi trudng SOC (Super Optimal broth with Catabolite repression) da
duoc lam 4m va dit trong ti u lic & 37 °C, 200 rpm trong 1 gio. Sau d6 cdy trai dich
nudi cay voi do pha lodng 1:10 va 1:100 trong méi trudng chon loc LB ¢6 chira
ampicillin & nhiét do 37 °C trong 16 gio. Poan DNA pUC19 dugc ding lam ddi
chirng duong cho qué trinh cloning. Nhitng dong duong tinh (positive clones) dugc
chon lya va kiém tra bang phuong phap PCR véi doan primer LpJETI.2F
(5’CTGCTTTAACACTTGTGCCTGA 3" va LpJETI.2R (5
TTCCTGATGAGGTGGTTAGCAT 3'). Cac doan chén dugc giai trinh tu tai cong
ty First Base, Malaysia. So sanh trinh ty ctia cac doan chén bang phan mém BLAST

v6i co s dir liéu miRBase (https://blast.ncbi.nlm.nih.gov/Blast.cgi)

Bang 2. 2. Trinh tu doan primer st dung trong phuong phép Nested RT-PCR

Doan Tai liéu tham khao
Trinh ty
primer
P1 5" CACCGCCTGTAAAGAGGAGATGT 3° | (Campo va ctv.,
2013)

P2 5> CGTTTTTGGGGTCACTACTGGA 3°

P3 5" GAGTAAAATGCACTAGCGGTCCT 3°

P4 5> GAGTAAAATACACCAGCGGTTCT 3°

OsUbil-F 5> CACCTTGGCTGACTACAACATCCA 3°

OsUbil-R 5> TGCTTACCAGCAAAGATCAGACGC
3 2
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osa=miR 7695 sequence
=osa-MIR7685 MI0025202 stem-loop sequence

GAGTAAAATGOACTAGEGHTCC TUAAACUUAUCGGGAGGUUUCACUUAAGUCCAC
GAACUUGCAAAGCGCACAUCGAGGUCUCUAAACUUGGUUUAUUGUAUCAUCCCG
GUCCAAAGCCACGUUUGAUUGUGGUCU IGECUAUGUGGEACGECATGUGAR UG A
UGACAUGGAAUUUUUUUUAUUUUUUUCUCCCUUCUUCCUUCUUUUUUCACCACU
GCGACAACCCCUCCCCUCGUUCCGCCUCUCACCACCGAGAAAAAAGAAGGAAGAA
AGAGAAAAAAAGAAGGAAGAAGGGAGAAAAAAAUAAAAAAAAUUCCAUGUCAUU
AUCCACGUGAUGUGCCACGUAGGCAAGACCACAGUCAAAUGCGGCUUUGAACCGG
AAUGAUAUAAUAAACCAAGUUUAGGGAUCUCGAUGUGCACUUUGCAAGUUCGUG
GAUCUAAGUGAAACCUCCUGACAAGUUUAAGAACCGCTGGTGTATTTTACTC

Size of PCR product of osa-miR7695: 487 hp
=osn=miR 7695-5p MIMATO029961 Trinh g mature 5p

GTCCTATGTGGCACGCCACGTGAA

=osa-miR 7695-3p MIMATO0029962

ACGUGAUGUGCCACGUAGGUA
ACGTOGATOGTGCCACGTAGGCA
Pl F3 Nested PCR
I (B
— —
P4 P2
PCRI: PCRY:
Pl 5 CAC CGC CTG TAA AGA GGA GATGT -3 P3 5 GAG TAA AAT GCA CTA GCG GTC CT -3
P28 CGT TTT TGG GGT CAC TAC TGG A -3 P4 5 GAG TAA AAT ACA CCA GCG GTTCT -3
/f- ™D (- " 1
@DNA San pham PCR 1
-

v

San pham PCR 1 PCR 2
L + RPF1L FP2 + RP2

San pham PCR 2

Hinh 2.1. Trinh ty va vi tri bat cip cua 2 cip primer (P1,P2) va (P3,P4) trong phan
ung Nested RT-PCR.
Chii thich: Do tién phdn tir 0sa-miR7695 (precursor osa-miR7695) ¢ trinh tw khd
dai (487 bp), do vdy ky thudt Nested RT-PCR duwoc tién hanh véi 2 c¢dp primer
(P1,P2) (bén ngodi) va (P3,P4) (bén trong) dé tang do ddic hiéu ciia phan iing PCR.
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2.4.4. Phuong phap xac dinh sy bién hién ciia phan tir osa-miR7695, osa-

miR169a, osa-miR160a va OsNramp6 trén cac giong lia chdng chiu va min cam.

Mtrc do biéu hién cua phan tr osa-miR7695, osa-miR169a, osa-miR160a va
phan tir OsNramp6.4 dugc danh gia bang phuong phap real-time quantitative PCR
(qPCR) voi kit SensiFAST SYBR No-ROX (Bioline, UK) (Phu luc 4). Trinh tu cac
primer stir dung cho phan tmg qPCR duoc thé hién trong Bang 2.3. Phan tmg Real-
time PCR duoc thuc hién béng thiét bi Mygo Pro (IT-IS Life Science Ltd, UK) & chu
trinh nhu sau: bién tinh ban dau 95 °C trong 2 phut, 40 chu ky bao gom (bién tinh 95
°C trong 10s, bat cip & 65 °C trong 10s, kéo dai & 72 °C trong 20s) va bao quan san
phém lanh & nhiét d6 10°C. Gen OsUbil dugc st dung lam ddi chirng ndi nhu mo ta
trong nghién ctru trude day (Campo va ctv., 2013). So sanh twong déi mic do biéu
hién cua osa-miR7695, osa-miR169a, osa-miR160a va OsNramp6.4 dugc uoc lugng
bang phuong phap 22, Gia tri chu ky ngudng (threshold cycle — Ct) 1 con s chu
ky ma & d6 gia tri Ct twong quan nguoc v6i ndng do mau ban dau. Piéu d6 co nghia
12 mau c6 nong d6 DNA ban dau thap thi s& c6 s6 chu ky cao, tic 1a Ct cao. Tuong
tu, mau véi nong do ban dau cao thi cin sb chu ky thap, tirc 1a gia tri Ct thap. Mtic
d6 biéu hién co thé dugc danh gia bang gia tri 22 véi ACt = Cr ctia mau — Cr cua
OsUbil. Mbi phan ung duogc lap lai 3 lan va ghi nhan dir licu béng cong thirc : trung

binh + d6 1éch chuan (Standard deviation - SD).

Bang 2.3. Trinh tu doan primer st dung trong phan trng Real-time PCR (osa-
miR7695).

Tén doan Trinh tw Tai
primer liéu
tham
khao
qPCR-OsUbil-F | 5> CACCTTGGCTGACTACAACATCCA 3’ (Campo
qPCR-OsUbil-R | 5 TGCTTACCAGCAAAGATCAGACGC 3’ va ctv.,
OsNramp6.4 - F | 5 ACATGTGGGTCCAAGCTCAAC 3° 2013)
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OsNramp6.4 - R | 5> GAGTGCTTATTTGCCCTTGGC 3’
Osa-miR7695-F | 5> CGCGGATCCCACCGCCTGTAAAGAG Trong
GAGATGT 3’ nghién
Osa-miR7695-R | 5> CGCCCCGGGCGTTTTTGGGGTCACTACT clru nay
GGA ¥
Osa-miR169a - |5’
F ACAGGTACCTGATTCGCTGACGATGCACAG
3
Osa-miR169a - |5’
R ACAGTCGACTGAATTGAATTTGGAAGGCCC
TG 3’
osa-miR160a-F | 5’GTGCCTGGCTCCCTGTATG3’
osa-miR160a-R | SSTTGCACGCCACCCAGTAG3’

2.4.5. Phwong phap xac dinh sy biéu hién clia cac bién thé phién ma

OsNramp6

Dé nhan biét sy biéu hién cua cac bién thé phién ma OsNramp6 & nhom lua
chéng chiu va man cam voi nAm M. oryzae, k¥ thuat real-time PCR duoc stir dung véi
chiét xuat 14 1a bi nhiém M. oryzae & cac thoi diém khac nhau (24 hpi, 48 hpi, 72
hpi). Phuong phap tién hanh twong tw nhu phuong phap xac dinh sy biéu hién cua
phan ttr osa-miR 7695 (phia trén) véi cac doan primer duoc thiét ké dic hiéu cho céc
bién thé phién ma OsNramp6 (Bang 2.4). Trudc khi tién hanh phan tich biéu hién
ctia cic bién thé phién ma OsNramp6, cac doan primer dic hiéu dugc thiét ké dua
trén céc trinh tu vung ma hdéa CDS thu dugc tor ngan hang Genbank. Trong do
OsNramp6 c6 8 bién thé phién ma lan lwot 1a LOC Os01g31870.1,
LOC 0s01g31870.2, LOC 0s01g31870.3, LOC 0s01g31870.4,
LOC 0s01g31870.5, LOC 0s01g31870.6, LOC 0s01g31870.7,
LOC 0s01g31870.8. Sau khi tién hanh giong hang cac doan trinh ty bién thé nay véi
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trinh tu tham chiéu cua OsNramp6 dé xac dinh céac doan trinh tu chuyén biét cho mdi
bién thé phién ma. Hai bién thé LOC 0s01g31870.2, LOC_Os01g31870.3 c6 chung
mot doan trinh ty chuyén biét va ba bién thé LOC 0s01g31870.5,
LOC 0Os01g31870.6, LOC Os01g31870.7 cling c6 chung mgt doan trinh ty chuyén
biét nén duogc lua chon dé xay dung cip primer phat hién chung cho céc bién thé nay
lan luot 14 OsNramp6.23 va OsNramp6.567. Cac bién thé con lai OsNramp6.1,
OsNramp6.4, OsNramp6.8 dugc thiét ké chuyén biét dya trén céac trinh ti dd phat
hién. Cac doan primer gPCR chuyén biét trén dugc xay dung trén phan mém Primer3
dua trén sy bat cdp cua cac lién két hydro vé1 SYBR.

Bang 2.4. Danh sach trinh ty cac doan primer cho phan tng Real time PCR dé xac
dinh sy biéu hién cua cac bién thé phién ma OsNramp6.

Tén doan Primer Trinh tw Tai liéu
tham
khao

qPCR-OsUbil-F 5" CACCTTGGCTGACTACAACATCCA 3’ Campo

qPCR-OsUbilI-R 5" TGCTTACCAGCAAAGATCAGACGC ¥’ va ctv.,
2013

OsNramp6.1-F 5" GCAGCCTATATTGCTGCTCTG 3°
OsNramp6.1-R 5> AATCTCACCAGAAACTGAATTGG 3’
OsNramp6.23-F 5" CCATCGCATACCTTGATCCT 3’

OsNramp6.23-R 5" CCCAAATAGGAGTACCCATAGC 3’ Trong
OsNramp6.04-F 5’ TCTCCGGAATGAGAAAGTGC 3° nghién
OsNramp6.04-R 5> AAGTACCACCAATGCTGCAA 3° clru nay.

OsNramp6.5677-F 5> AACTGTGTATGGTGTGGCCTTA 3’

OsNramp6.567-R 5> AAATGTACCTGCATGATGTATTGG 3°
OsNramp6.8-F 5 GCTACTCCACATCCCTTTCTG 3’
OsNramp6.8-R 5" GCAGAGAAAAATTCTTACCCCATA 3’
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2.4.6. Phwong phap x4c dinh microRNA tiém ning

Trinh ty cta cac bién thé phién ma cta gen OsNramp6 duge thu nhan tir ngan
hang Genbank dudi dinh dang FASTA. Céc trinh ty ndy duoc dua vao phan mém
psRNATarget V2 (http:/plantgrn.noble.org) véi muc d6 gisi han trén (1000miB) dé
nhan dién cac microRNA & laa c6 su bit cip twong dong véi ving 5°UTR cua cac
bién thé phién m3 cua gen OsNramp6, st dung gian dd ghi diém c6 sin (predefined

scoring schema) két hop véi dit liéu cia miRBase (Dai va ctv., 2018).
2.4.7. Phuwong phap phin tich thong ké

S lidu duoc phén tich thong ké so sanh da bién véi phwong phap Tukey’s test.
Kiém tra sy khac biét giita gidng lia chéng chiu va man cam bang phuong phap kiém
dinh gia thuyét t test va bac bo gia thuyét HO ¢ mirc d6 ¥ nghia thdng ké P < 0,05.

Tt ca thi nghiém duoc lap lai 3 lan.

Murc dd dic hiéu, do nhay cua gid tri 24t (osa-miR7695, osa-miR169a,
OsNramp6) khi so sanh gitta nhém chdng chiu va nhém man cam, duoc xac dinh dua
trén phuong phap phan tich duong cong ROC (Receiver Operating Characteristic)
(Fawcett, 2006). Phuwong phap phan tich duong cong ROC da duoc sir dung kha nhiéu
trong cac nghién ctru ¢ rat nhiéu linh vyc nhu: hang khong, gido duc, nong nghiép va
ddc biét 1a y khoa (Obuchowski va Bullen, 2018). Phuong phap ROC xac dinh mtrc
dd dac hiéu va d6 nhay dya trén ty 1€ duong tinh gia va ty I¢ am tinh gia (Fawcett,
2006). Dua trén phuong trinh hdi quy logistic, phuong phap ROC xay dung duoc
duong cong ROC, trong d6 muc do dac hi¢u va do nhay dugc xac dinh b%lng gia tri
bén dudi duong cong ROC, area under the curve (AUC). Gia tri AUC dao dong tu
0,5 dén 1, tuong ung vdoi do nhay va d§ dac hi¢u dao dong tu thép (0,5) dén cao (1)
(Fawcett, 2006). Phuong phap phan tich ROC dugc tinh toan phan mém dua trén nén
web  (http://www.rad.jhmi.edu/jeng/javarad/roc/JROCFITi.html) hoic phin mém
Graphpad Prism 8.4.3 (Graphpad software, Inc., San Diego, CA).

S lidu cua cac thi nghiém dugc tinh toan va xir Iy bang phan mém Microsoft Excel

2016 va phan mém Graphpad Prism 8.4.3 (Graphpad software, Inc., San Diego, CA).
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Chuwong 3. KET QUA VA THAO LUAN
3.1. Xac dinh nAm M. oryzae trén cac giéng lia bang phwong phap PCR.

Tur cac nguén mau lta biéu hién nhiém bénh dao 6n, it nhat 7 mau ndm bénh
bao gém 4 mau phan lap tir 14 va 3 mau phan lap tir ¢6 bong dugc sir dung dé tién
hanh quan sat dic diém hinh thai cAu tric xdm nhidm chuyén biét ciia nAm M. oryzae.
Pé danh gia kha ning giy bénh clia cic mau nam nghién ctru thi viéc danh gia kha
nang hinh thanh cac cdu tric xAm nhiém ctia nAm gy bénh dao 6n bao gdm sb luong
bao ttr, ti 16 ndy mam va hinh thanh giac bam la nhitng yéu t6 quan trong can xac dinh
cho muc dich danh gia kha ning gy bénh ctia nAm M. oryzae trén ciy lta. Trong thi
nghiém nay hinh thai bao tir cua tat ca cac mau nam phan lap duoc quan sat sau khi
cAy ndm trén moi truong OMA (oat meal agar) va duogc kich thich hinh thanh bao tr
dudi budc song khoang 300-400 nm ciia dén UV. Két qua nghién ciru cho thay c6
nhiéu hinh dang bao tir khac nhau tir cac mau nim phan 13p dugc. Su da dang hinh
thai bao tir ndy 1a do 14 nhiém bénh dao 6n khong chi c6 sy hién dién cua M. oryzae
ma con nhiéu nAm gay bénh khac co triéu ching gy bénh trén laa giéng nhu dao 6n
nhu Curvularia luneta, Bipolaris oryzae. Tuy nhién, it nhat hai miu nim trong do
mot mau phan 1ap tir 14 nhiém tai Pong Nai (LDN) va c6 bong nhiém tai Tién Giang
(CBTG) c6 hinh thai bao tir gibng nAm gy bénh dao 6n v6i hinh dang bau duc hoic
thudn dai va cé hai vach ngan dac trung (Hinh 3.1) (Hamer va ctv., 1988; Counch va
Kohn, 2002). Dé tim hiéu kha ning hinh thanh céc cau trac xdm nhiém, bao tir ciia
LDN va CBTG duoc kich thich va quan sat trén tdm lam kinh nhu mét bé mit nhan
tao va Ui trong moi truong toi, am. Két qua chi ra rang sau 6 gio, trén 95% bao tir déu
c6 hién twong nay mam va trong d6 hon 80% s6 bao tir nay mam nay c6 hinh thanh

gidc bam trén bé mat nhan tao dugc quan sat thay trén hai mau nim (Hinh 3.2).

Trong thi nghi¢m lam kinh dugc stir dung nhu bé mat nhan tao dé quan sat kha
nang hinh thanh giac bam (appresoria) ciia bao tir nAm gy bénh dao 6n nén ti 1¢ hinh
thanh giac bam sé& thap hon so véi bé mit nhan tao gan giéng véi 14 laa hon hoic truc

tiép trén 14. Tuy nhién vdi ti 16 quan sat cao nhu trén chung t6i c6 thé két luan 1a stc
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song cua hai miu ndm nay kha cao va kha niang gy bénh bang cic cau tric xam
nhiém trén ctia chung 1a kha manh. Dya trén két qua hinh thai cta hai mau ndim LDN
va CBTG c6 thé ban dau két luan ching 1a nam gay bénh dao 6n, M. oryzae. Phéat
hién nay sé& giup ich rat nhidu trong cac thi nghiém vé sau lién quan dén kha nang lay
bénh ciia chiing trong qua trinh 1ay bénh trén ciy trong hay lam ngudn vat lidu cho
viéc nghién ctru sau hon vé phan tich chirc ning cia cac gen gy bénh & murc do toan

hé gen ctia ndm giy bénh dao on hodc anh hudng cua di truyén biéu sinh dén tinh

khéng cua cdy la doi véi nam gay bénh dao on.

LDN CBTG

Hinh 3.1. Hinh thai bao tir ciia hai mau nim phan 14p tir 14 va c6 bong biéu hién
tri¢u chting bénh dao 6n.

Chii thich: LDN: mau ndm phdn ldp tie ld liia nhiém dao én tai Pong Nai. CBTG: mdu
ndm phén ldp tir c6 bong lua nhiém dao én tai Tién Giang.
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Hinh 3.2. Sy hinh thanh cac c4u triic xdm nhiém ctia mau ndm gy bénh dao 6n
phan 1ap duoc sau cac thoi gian quan sat khac nhau. (c) bao ttr, (g) ndy mam, (a)

giac bam (appressorium).

Dé khing dinh thém chinh x4c ring hai miu ndm phan 1ap va danh gia trén co
phai 1a ndm gy bénh dao 6n trén laa, M. oryzae hay khéng, phuong phap PCR di
dugc sir dung voi cdp primer Pot2 transposon da duoc nghién ciru trén cac ching ndm
M. oryzae gy bénh dao 6n trén loai ¢é chum trudc day (Harmon va ctv., 2003;
Kachroo va ctv., 2000). Két qua phan tich trinh tu cho thiy doan primer Pot2 dung
trong nghién ctru nay khuéch dai doan DNA dic trung cho nam gay bénh dao on M.
oryzae c6 chiéu dai 12 687 bp nam trong ving c6 trinh tu tir vi tri 1055 dén 1741 trong
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tong s6 1861 bp clia gen Pot2 transposon trén. Trong nghién ctru ndy, DNA cua hai
mau nam duoc phan lap tu l& nhiém bénh dao 6n (LPN) va cd bong nhiém bénh dao
6n (CBTG) duoc ly trich, thu nhin va tinh sach dé lam ngudn vt liéu cho phan tng
PCR. Pong thoi, hai mu nhiém bénh bao gdm 14 nhiém dao on (LN) va cb bong
nhiém dao 6n (CBN) dugc thu thip trén dong rudng ciing dugc ly trich, thu nhan
DNA dé danh gia thém kha ning tmg dung cta phuong phap PCR két hop vé6i primer
Pot2 trong viéc phat hién va x4c dinh ndm gy bénh dao 6n trén déng ruéng (Hinh

3.3).

Pé danh gia tinh chuyén biét cta cip primer Pot2 transposon trong viéc phat
hién M. oryzae, hai mau ndm c6 hinh théi bao tir khac biét so vdi bao tir ciia nAm gy
bénh dao 6n (ném 1, nAm 2) dugc st dung nhu 1a mau doi chirng &m vi trinh tu khuéch
dai ctia primer Pot2 tranposon dugc md ta 1a twong dong cao trén nam gy bénh dao
6n nhung khong cao trén cac mau nam khac cho nén kha ning primer bt cip va
khuéch dai trén hé gen ctia nam gay bénh dao on sé chuyén biét hon (Harmon va ctv.,
2003). Dya trén phan tich hinh thai c6 thé xac dinh duoc hai mau nim 1 va ndm 2 lan
lwot 14 Curvularia lunata va Fusarium spp. Két qua nghién ctru & Hinh 3.3 cho thay
giéng s6 2 va s6 3 tuong ng véi cac mau DNA tir cac chiing ndm giy bénh dao 6n
LDN, CBTG khi tham gia phan tmg PCR véi cip primer Pot2 déu cho san pham
khuéch dai véi gia tri bang khuéch dai khoang gan 800 bp. Mau LN va CBN (twong
ing giéng s6 4 va s6 5) nhiém nidm giy bénh dao 6n déu cho san pham biang khuéch
dai PCR véi kich thudc twong tw nhu hai mau nim giy bénh dao on trén. Diéu nay
cho théy c6 su hién dién ctia ndm gdy bénh dao 6n trén mau 14 va ¢ bong bi nhiém.
Riéng cic miu DNA ctia ndm 1 va ndm 2 tuong Gmg véi giéng sb 6 va s 7 1a nhiing
mAau ndm khong phai 1a ndm giy bénh dao on thi két qua PCR da chi ra khong c6
bang san pham khuéch dai khi dung doan primer Pot2 transposon. Két qua giai trinh
tu hai chiéu DNA san pham PCR bang cip primer Pot2 transposon va so sanh véi di
lidu gen trén NCBI bang cong cu BLAST nucleotide dé chi ra rang trinh ty DNA san
pham PCR ctia cac mAu ndm phan 1ap tir 13, c6 bong laa va mau 14, ¢d bong nhiém

dao 6n trén déu 1a Pot2 transposon cuia M. oryzae (Hinh 3.4, Hinh 3.5). Diéu nay cho
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thiy tinh chuyén biét ctia Pot2 transposon trong viéc xac dinh nim gy bénh dao 6n
cling nhu trong viéc chan doan bénh dao on trén dong rudng va trong phong thi
nghiém. D tin ciy cia quy trinh nay di dwoc kiém chimg trén mot s6 ching nim
gdy bénh dao 6n duoc phan 1ap tir 14 va c6 bong cua lta nhiém ¢ mién Nam, mién
Trung va mién Bic Viét Nam. Sy hién dién san phém PCR cua Pot2 tranposon tir cac
mAau ndm phén 14p ndy da gitp két luan ching 1a ndm giy bénh dao 6n trén laa, M.
oryzae va quy trinh ndy c6 thé duoc st dung dé khang dinh sy hién dién ctia nAm gy

bénh dao 6n trong cac thi nghiém sau.

Viéc phan l4p va xac dinh ndm gay bénh dao 6n bang phuong phap PCR ¢6 ¥
nghia rat 16n khong chi trong viéc phat hién nhanh, kip thoi bénh dao on trén lta ma
con gitp giam rat nhiéu thoi gian va cong sirc trong viée xac dinh ndm gay bénh dao
on. Néu so véi phuong phap truyén théng von mat tir 1 dén 2 ngay dé quan sat sy
xuat hién ctia bao tir M. oryzae dudi kinh hién vi thi phuong phap nay chi mat 5 gio

d6ng ho tir khau chiét xuat nhanh DNA, phan tng PCR, dién di va chup anh.
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[Dikb IBN CBIG IN (BN DMNI MN2 -PR

Hinh 3.3. Tinh chuyén biét ctia cip primer Pot2 tranposon trong viéc xac dinh nam
gy bénh dao 6n va trong chin doan bénh dao 6n trén dong rudng.

Chui thich: LD1kb: HyperLadderTM 1 kb (Bioline, Hoa Ky); LDN: mau nam chzet
xudt tir ld biéu hién triéu chitng dao on thu tai Dong Nai; CBTG: mdu ndm chiét xudt tir cé
bong biéu hién triéu chitng dao on thu tai Tién Giang; LN: La lua biéu hién triéu chitng
bénh dao én; CBN: Co bong lia biéu hién triéu chirng bénh dao on; MNI: mau nam bénh
cayl; MN2: mdu ndm bénh cdy 2; -PCR: Déi chitng dm (sir dung miedc)
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M.grisea Pot 2 transposon transposase gene
Sequence ID: emb|£33636.1] Length: 1861 Number of Matches: 1

Range 1: 1055 to 1738 GenBank Graphics

Score Expect Identities Gaps Strand

1258 bits(681) 0.0 5E3/684(99%) 0/6B4(0%) Flus/Plus
quesy T?| iR |||||| 0
Ehjct 1055 CGETCACACGTTCTTCAACCATTCGATC TATCGETTTTTEGECCETTARAAGRAGCTT 1114

Query 6l GACGTCARCTTGEATITETTAGCCAAT TTTGC TG TTCAACAGTTATTGEARAACGARRTT 121

Ebjet 1115 GACGTCAACTTGEATTTETTAGUCAARTTTTGCTETICAACAGTTATTGGAARACGARATT 1174

Query 121 TCCTACTTTGTTATCGAARACCCAGAT TRARRGLATTTATAGCARARRCCATTCARTCTG 184

fbjet 1175 TCCTACTTTOTTATCOAAAACCCAGATTAAAACCATTTATACCAAAAARCCATTCAATCTE 1234

fuery 181 GITGGCOTACAACCELG TTATGCCCEETAAAC TTCETTAAACCACTTTTAAGCCCTTTTT 241

Sbjct 1235 GTTGECETACAACCEGCGTTATCGCC CEGETAAACTT TAAACCACTTTTAAGCCCTTTT 1284
(uery 241 300

| T ||||||||||||| ||||||||||||| i
Ebict 1295 TGTAEMTEECHR GCCAACGTTATAARAAGATAAMAACARC GGTTTGCAARNGGGATA 1354
Query 501 ANEATCHDY |||T|| ] |||||||TT???TFTTTTTTTTTTTTTG|||||| .
Ebjct 1355 AAACACCGGAARGCCCAGCCCALMAANTTAACGACCCGTCTTTACTTATT TGEARARCC 1414

Query 361 CTAARACGACCCGAGATATCCGACTTCAACTGCARARACTTTCCCAATCCARCARARCCA 421

fbjoct 1415 CTAAARCGRCCCOAGATATCCGACTTCAACTGCARRAACT 1474

Query 421 ACGCTACTTCACCTCTTTTATTTCCAARACTCCAARARACCTTCOARCCCARACATACCC 480

Ebjet 1475 ACGCTACTTCACGTCTTTTATTTGCARMGTCCAAAAAMAGCTTCGAAGCCARAGATACCC 1534
Query 481 TTTTGECTAGCGCCCAGCARAR AR TCRGC TTATT AR CACALCTGEAGGCART ACGGC 544
I R
Query 541 CCETTAARAGGAGGACGET GETTCCOGATCCARMCGRAGC TTTTCGT TARCARACAGARCA 600
e 115 b o NIRRT
Query GOL TIATTGEATTGCAGEARAATCATATAGARARTTTCGARCCTTTAGCTEATGAAGRAGRGE G660
e 55 RIS .,
(nery 661 TTAATGARCCGGAGAAGCGTGARA AR4

LLLLETELELEEEEELLEELTT
gbict 1715 TIAATGAACCGGAGARGCGTGAAR

Hinh 3.4. Két qua BLAST trinh ty DNA san phim PCR bang cip primer Pot2
transposon ciia mau nim giy bénh dao 6n phan 14p tir 14 lta nhiém bénh tai Pong
Nai (LDN) va la lua biéu hién triéu chung bénh dao on trén co s¢ dit liéu DNA cua

NCBL
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M.grisea Pot 2 transposon transposase gene
Sequence ID: emb|Z33636.1] Length: 1861 Number of Matches: 1

Range 1: 1055 to 1738 GenBank Graphics

Score E!FE‘ﬂ Identities EHFS Strand
1258 bits(581) 0.0 683/684(99%) 0/684(0%) Plus/Plus
tuery 1 CGTCACTCCTTCTTCRACCATTCEATC TATCGLT TTTTGEE &0

Ebjct 1055 COTCACACCTTCTTCAACCATTGGATCTATCGGTTTITGGECCCTTARMAGAAGTTTATC 1114

Query 61 GACETCAACTTGEATTTETTAGCCAATTT TGCTETTCAACAGTTATTLAAR ACT AR 1 121

Ebjet 1115 GRCGTCAACTTGGATITGTIAGCCAATTTTGCTGETTCAACAGTTATTGGARRNCGANN 1174

Query 121  TCCTACTTTGTTATCCAAAAGCCAGATTAAAAGCATTTATAGCLAARNCCATTCARTCTG 181

Gbjct 1175 TOCTACTTTGTTATCGAARAGCCAGATTARAMGCA ATAGUARARDCCATTURATUTGE 1234

Query 181 GTITGEGCOETACAACGGOGTTATGCCCOETARACTTCETTARACCACTTTTAMGCCCTTTTT 2440

gbjot 1235 GITEGCOTACAACGGOGTTATGCCCGOTAAACTTEGTTAAACCACTTTTAAGCCCTTTTIT 12594

Query 241 TCTTAGAMLATACCARCCCCANCCTTATAAAACKRTARNARAC ARCCETTTGCAANGCGATA 300

Ehjet 1295 TOTTAGAARATAGCARCGCCAACGTTATAAAACATAARAACAACGOTTTEOAMAGES 1354

Guery 301 ARACACCGOAAAGCCCAGCCCARAAARTTAACGACCCGTCTTTACTTATTTGGARRACCE 361

Sbjet 1355 ARRCACCGCAAAGCCCAGCCCARAAAATTAACGACCCGTCTTTACTTATTTGGARAACCC 1414

Query 36l CTAARACGRCCCGAGATATCCGACTTCAACTGCAARARCTTTCCCARTCCAACARDN 421

Ebjct 1415 CEACCCGAGATATLC TGCAARAACTT 1474

Query 421  ACGCTACTTCACGICITTTATTTGCAARAGTCCARRARAGCTTCGAAGCCARAGATACCC 480
FLLLEELEEETELEEELEEE LR LR LR EEEE P LT LT

Gbjot 1475 ACGCTACTTCACGTCITTTATTTGCARRAGTCCARAARAGCTTCGARGCCARAGATACCC 1514

Query 481 TIToGECTAGCGOCCRGCARRA A TCACC T TATTCLARGCACARCTEEAGGCARTACCEC 44

Ebjeot 1515 TITTEECTACCGCCCAGCAAAAMNTCACCTTATTCEAMCGCACAACTECACSCCAATRCGEE 1504
Query 541  CGGTTAAMAGGAGGAGGGTGCTTCCGGATCCARACGAGCTTTTG 600
, ||| LELECEECEELECEELEE L EEF LT ||||||||||I|| ||||||
sbiet 1595 CGGTTAAMAGGAGGAGGGTGGTTCCGGATCCAAMCGAGCTTTTGGTTAACAAACAGARCA 1654
Query €0l TTATTGGATTGCAGGRAAATGATATAGAAMATTTGGAACCTTTAGCTGATGAAGAAGAGG 660
||| |||||II|||||| |||||| ||||||||||||| ||||||||||I|| |||||| _
sbjct 1655 TTATTGGATTGCAGGAAAATGA 1714
Query 661 TTAATGARCCGGAGAAGCGIGARA 584

Gbjoct 1715 TTRATGARCCGGRAGARGCG

Hinh 3.5. Két qua BLAST trinh ty DNA san phim PCR bang cip primer Pot2
transposon ctia mau nam gdy bénh dao 6n phan 1ap tir 14 lia nhiém bénh dao 6n

(LN) vala lua biéu hién triéu chirng bénh dao 6n trén co so ditr licu DNA cua NCBI.
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3.2. Panh gia kha niing chong chiu/min cam véi ndm M. oryzae trén cac
giong lda thi nghiém.

Dé danh gia giéng la chéng chiu va min cam v6i ndm gdy bénh dao on,
phuong phap nhiém bao tir nAm M. oryzae LBT2 duoc thuc hién trén 19 gidng laa
trdng & Viét Nam (Quoc va ctv., 2019). Sau 5-7 ngay lay nhiém, 3 14 cua mdi gidng
laa dugc thu thap va phan tich bang phan mém Access 2.0 (Phan mém phan tich hinh
anh mtrc 46 bénh & ciy trong (American Phytopathology Society, USA). Su thay doi
phan trim dién tich 14 bénh duoc quan sat & cdy lta sé& duogc danh gia va phan loai
vao nhom chéng chiu hodc man cam véi ndm gay bénh dao 6n dé phuc vu cho cac

nghién ctru sau.

Két qua phan tich ti 1& nhiém trung binh trén 14 ¢ cac giéng lua bang phan mém
Access 2.0 chi ra rang c6 sy da dang vé mirc do nhiém trén cac gidng laa khac nhau
d6i voi nAm M. oryzae. Ti 18 nhiém trén cac gidng lta nghién ctru trai déu tir 4,02%
dén 89,21%, trong d6 OMS8017 1a gidng c6 ti 1é nhiém thap nhat va OM7347 c6 ti 18
nhiém cao nhat (Hinh 3.6, Bang 3.1). Nghién ciru ciing cho thiy s luong céc giong
c6 ti 16 nhidm thap dai dién cho tinh khang manh 13 kha thap véi 6/19 gidng co ti 18
nhiém dudi 25% va 13 gidng con lai ¢ ti 1é nhiém khé cao chil yéu tap trung trong
khoang 31% - 45%. Dé tién hanh phan tich vé mit phan tir cac giéng lta co ti 18
nhiém dudi 25% s& duoc xép vao nhom lta chong chiu va cac giéng c6 ti 1é cao hon
dugce xép vao nhém man cam dya trén két qua nghién ctru ciia Campos-Soriano va
ctv. (2020). Két qua phan nhém bao gém 2 nhém véi nhom chéng chiu (STS,
OMS8017, RVT, Gold Carolina, IR50404, va OM5451) va nhém man cam (OM6162,
OM9921, Nang Hoa 9, OM2517, OM9582, Jasmine85, OM4900, OM576, BCI15,
OM344, OM6976, OM4218, va OM7347). Trong d6, nhém man cam c6 mic do
nhiém trung binh dat 51,94% gap 3 14n so voi nhom khang chi 1a 14,49%, diéu nay
cho thdy c6 sy khac biét c6 ¥ nghia thong ké vé mirc d6 xam nhiém ctia nAm M.

oryzae gitta nhém chéng chiu va nhém man cam (P < 0,001) (Bang 3.1) (Phu luc 6).
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Hinh 3.6. Két qua ching bénh nim M. oryzae LBT2 trén 14 cia 10 gidng lua.
1. Té tép, 2. Carolina Gold Rice, 3. RVT, 4. OM8017, 5. Nang hoa 9, 6.Jasmine835, 7.
OM4900, 8.0M7347, 9. OM4218, 10. OM6976.
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(@) (b)

Hinh 3.7. Trang thai ctia cy laa truée khi ching bénh ¢ hai gidng thir nghiém. (a)
J-short; (b) OM6162
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Hinh 3.8. Sy sinh truéng cia cdy lta ¢ 20 gidng nghién ctru sau 14 ngay trong.
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Hinh 3.9. Két qua ching bénh nAim M. oryzae LBT2 trén 14 cia gidng IR50404
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Bang 3. 1. Ty 1é phan trim cta ving nhiém trén 14 laa giy ra boi M. oryzae & 19

giong la, sir dung phan mém Assess v.2.0.

- Gia tri nhiém
Mirc do nhieém

Nhom lua Tén gidng lua %) trung binh nhém
(%)

Nhém lua chong STS 7,26 + 1,05 14,49 + 0,48
chiu OM8017 4,02 + 0,58
RVT 10,96 + 0,15
Carolina gold 18,42+ 0,13

OM5451 22,6 +0,8

IR50404 23,65 +0,19

Nhém min cim OM6162 31,54+ 3,15 51,94 +0.95
OM9921 32,83 £0,65
Nang Hoa9 35,83+ 0,11
OM2517 35,87 +2,03
OM9582 36,64 £ 0,88
Jasmine85 43,52 +£0,13
OM4900 4593 +£0,5
OM576 46,27 + 1,6
BC15 56,45+ 0,32

OM344 63,32 £0,32
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OM6976 76,76 + 0,54
OM4218 81,01 £1,96
OM7347 89,21 £ 0,21

Chil thich: Mirc @6 nhiém (%) la gid tri trung binh ciia 3 lan do Idp lai trén méi
giong lua.

Két qua nghién ctru trude day da chi ra rang cac mau nam phan 1ap nadm M.
oryzae tai Binh Thuan, Viét Nam (LBT2) c6 kha nang ph4 v& tinh khang cua céc
giéng lua chéng chiu bénh dao 6n tai Thai Lan va Viét Nam dya trén su phat trién chi
thi SCAR (Quoc va ctv., 2021). Do d6 viéc sir dung mau ndm phan lap M. oryzae
LBT2 duoc xem 1a c6 kha ning giy bénh cao trén cic giong lua thi nghiém nhiam tao
ra cang théng sinh hoc vbn duoc mé ta co lién quan dén su diéu hoa va hoat dong cua
cac gen va phan trt miRNA riéng 1¢ hoac mdt ho phan tir miRNA ciing nhu kich hoat
cac con duong biéu hién gen va miRNA méi (Hoa va ctv., 2016; Seéié va ctv., 2021).
Trong 6 gidng lua thé hién kha ning khang véi miu nam phan 1ap M. oryzae LBT2
thi ¢6 5 gidng laa tot nhat tai dong bang song Ctru Long va 1 gidng lua c6 ngudn goc
tir Chau Phi duoc du nhap vao My va trong phd bién tai South Carolina vao nhiing
nam thap nién 1780. Gidng lua hat dai Carolina Gold c6 tén khoa hoc 13 Oryza
glaberrima (Steud.) va duge mo ta 1a gong 1ua c6 mang gen khang Pi-ta (Lee va ctv.,
2011). biéu nay c6 thé 1y giai cho kha ning chong chiu dugc v6i M. oryzae LBT2
vbn mang gen A VR-Pita theo thuyét twong tac gen-dbi-gen (Quoc va ctv., 2021). Nam
gidng lua con lai duoc xem 14 nhimg gidng lta chu luc cho viée phat trién ving lua
gao phuc vu xuat khau & Pong Bang Séng Ciru Long. Bén canh cac giéng laa ST da
dugc cong nhan thi giong laa thom RVT vén duoc xem 1a giéng lua ndi tiéng thom
ngon duoc ngudi tiéu dung trong va ngoai nudc ua chudng. Cac gidng laa con lai nhu
OMS8017 (OM5472 x Jasmine 85), OM5451 (OM2490 x Jasmine 85) va giéng lta
nhap ndi tir IRRI vao nhitng nam 1990 (IR50404) cling da dugc cong nhan do co
nhimg dic diém t6t vé chat lugng va ning suat. Cac giéng laa nay ciing da duoc minh

chtng 13 khang ndm gay bénh dao 6n tir trung binh dén tét. Do d6 két qua chung bénh
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trong nghién ctru ndy véi mau nim phan 14p M. oryzae LBT2 di thé hién tinh dong
nhat v6i nhitng khao sat trude day. Diéu nay ciing ¢ thé 1y giai 1a cac giéng lta nay
c6 thé c6 mang nhom gen khang Pi-ta von can dugce danh gia sdu hon sau nay. D6i
v6i cac giéng lta thudc nhém man cam véi miu nam phan 1ap M. oryzae LBT2 thi
da s6 cac gidng lta st dung trong nghién ctru nay déu 1a nhimg giéng lua lai trong
phd bién tai Pong Bang Séng Ctru Long ngoai trir giéng lta BC15 1a trong phd bién
& phia bac. Giéng lua BC15 1a gidng laa c6 ning suit cao, pham chét tot va duoc md
ta 1a c6 mang gen khang dao on. Tuong tu nhu vay cac giong laa lai nhu Nang Hoa
9, OM2517, OM576, OM6976 déu duoc khao sét 1a c6 kha nang khang dao 6n tur nhe
dén trung binh. Tuy nhién khi chting bénh véi mau nim phan 1ap M. oryzae LBT2 thi
mirc d6 nhiém nim gay bénh dao on cua cic gidng laa nay kha cao. Piéu nay cho
thay kha nang pha v& tinh khang cia mau nam phan lap M. oryzae LBT2 va khang
dinh tinh chinh x4c cta chi thi SCAR da duoc nghién ctru va phat trién trude day
(Quoc va ctv., 2021). Mot nghién ctru trude ddy da chi ra rang kha niang cay trong thé
hién tinh khang 13 tuy thudc vao kiéu gen ctia tic nhan gdy bénh (Xiao va ctv., 2016).
Kha ning pha v tinh khang trén cac gidng lia nay mot phan cé thé hiéu 1a do cac
gidng lua nay thiéu gen khang R tuwong thich v&i gen AVR ciia mau nAm phan lap M.
oryzae LBT2 hodc c6 nhitng dot bién trén gen khang R cua cac gidng lta trén dan
dén dé bi pha v tinh khang. Can c6 nhitng nghién ctru sdu hon vé su da dang SNPs
trén cac gen khang R cua lua va gen AVR cta nam M. oryzae dé c6 thé hiéu sdu hon
vé sy tuong tac trong hé thdng lta va nAm M. oryzae. Cac gidng lta con lai trong
nhom nay thi gan nhu thé hién tinh man cam véi mau ndm phén lap M. oryzae LBT2
va tuong dong voi danh gia trude ddy cua cac gidng lua nay khi dugce cong nhan va
tréng dai tra hién nay.
3.3. Xéac dinh sy hién di¢n ciia phin tir osa-miR7695 trén céc giong lia thi

nghiém.

Pé xac dinh su hién dién cia phan tir osa-miR7695 trén cac giéng lta thi
nghiém, mau 14 cua cac gibng duoc tién hanh ly trich RNA tdng sb theo cong b cia

Thermo Scientific, USA. Sau khi ly trich, RNA duoc kiém tra né)ng do va do tinh



54

khiét dya trén ty 18 hip thu ¢ budc séng 260nm va 280nm (A260/280) bing may
NanoDrop™ nhim dam bao chét lugng RNA va diéu chinh cho phu hop véi timg
phan tmg PCR. Két qua nghién ctru cho thiy hiu hét RNA t6ng thu dugc tir mau 14 &
tat ca cac giong déu c6 do tinh khiét cao pht hop cho viéc xac dinh su hién hién dién
cling nhu murc do biéu hién cta phan tr osa-miR7695 khi muc d0 tinh khiét cua miu
RNA tbng dat xap xi 2,0 theo nhu huéng din ciia nha san xuat Thermo Scientific,
USA (Béng 3.2) dong thoi cac miu RNA tong sé duoc tién hanh xir Iy DNasel dé
loai bo cac mau DNA tap nhiém con sot lai va hoi quy cac mau ly trich vé nong do

phu hop cho phan tng khuéch dai PCR (Bang 3.3).

Bang 3.2. Két qua do ty 18 A(260/280) ctia cac giong laa thi nghiém.

STT |Téngiong | A(260/280) STT | Téngiong | A(260/280)
1|ST5 2,034 11 | Nang Hoa 9 2,036
2 | Caroline gold 2,041 12 | Jasmine85 1,996
3|RVT 1,999 13 | OM4900 1,998
4 | OM8017 2,031 14 | OM576 2,428
5| OM5451 2,095 15| OM7347 2,194
6 | IR50404 2,96 16 | BC15 1,989
7| OM2517 1,989 17 | OM344 2,322
8 | OM6162 2,041 18 | OM4218 2,251
9 | OM9582 2,087 19 | OM6976 2,385

Theo nghién clru trude day ciia Campo va ctv. (2013) thi phéan tu precursor
o0sa-miR7695 (tién phan tir osa-miR7695) chi co trén giéng laa japonica va cé vai trd
quan trong ddi véi tinh khang cua lta véi nAm M. oryzae. Do d6, viée xac dinh sy

hién dién ctia osa-miR 7695 trong nghién ciru ndy c¢o vai tro rt quan trong nham danh
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gia mirc d6 va gid tri biéu hién cta osa-miR7695 trén cac giéng lua trong phd bién tai
Viét Nam. Tuy nhién, hau hét cac gidng laa trong thi nghiém déu thudc gidng lua
indica, do vay chiing t6i can thuc hién phan Gng thir nghiém dé kiém tra va téi wu
phan tng Nested PCR trén 01 giéng laa J-short (gidng laa japonica) trude tién. Do
phan tr precursor osa-miR7695 co6 trinh ty kha dai (487 bp) nén phan trng Nested
PCR duoc thuc hién dé dat hiéu qua dac hiéu vaéi cac cap primer (P1, P2) va (P3, P4)
duogc st dung (Campo va ctv., 2013). Pau tién phan tng PCR tht nhat véi cap primer
(P1, P2) khuéch dai ving trinh tu bat dau tir bén ngoai duogc thuc hién, sau d6 phan
g PCR thir hai v6i cip primer (P3, P4) ndm bén trong khuéch dai ving trinh ty bén
trong dugc tién hanh. Trong d6, san pham ciia phan tng PCR tht nhat duoc sir dung
lam khudn mau cho phan itng PCR thtr hai. Bén canh d6, thi nghiém so sanh phan
g nested PCR giita mau da xir Iy DNase I va chua xir Iy DNase I ciing dugc tién

hanh nham bao dam két qua khong c6 su nham 1an do dwong tinh gia.

Bang 3.3. Két qua ly trich RNA téng sb va xir Iy DNase I trén cac giéng lua.

Xir ly Dnase I
ST| Ky | o gibng Trung binh Nong do
T | hiéu (ng/ml) RNA Dnase I (ng/pl)
(ul) buffer (ul)

Rice

1)1 OM6976 476,7 2,6 47,4 0,025
Rice

212 OM2517 206,4 6,1 43,9 0,025
Rice | Carolina

3|13 Gold Rice 350 3,6 46,4 0,025
Rice

414 OMS8017 173,9 7,2 42,8 0,025
Rice

5/5 OM7347 131,3 9,5 40,5 0,025
Rice

6|6 OM5451 269.8 4,6 45,4 0,025
Rice

717 OM344 130,5 9,6 40,4 0,025
Rice

8|8 OM9582 241,7 5,2 448 0,025
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Rice

919 OM4218 345.4 3,6 46,4 0,025
Rice

10 | 10 Nang hoa 9 357.8 3,5 46,5 0,025
Rice

11|11 OM4900 232,8 5,4 44.6 0,025
Rice

1212 OM9921 170,1 7,3 42,7 0,025
Rice

13|13 BC15 136,8 9,1 40,9 0,025
Rice

14 | 14 Jasmine&85 252,2 5 45 0,025
Rice

1515 T¢ tép 399,9 3,1 46,9 0,025
Rice

16 | 16 ST5 247,3 5,1 44,9 0,025
Rice

17 | 17 OM6162 519,8 2.4 47,6 0,025
Rice

18|18 RVT 66,5 18,8 31,2 0,025
Rice

19 | 19 Non- GMO 59,9 20,9 29,1 0,025
Rice

20|20 J- short 59,9 20,9 29,1 0,025

Két qua dién di cho thay chi c6 mau RNA da xir Iy DNase I cho ra két qua c6

doan trinh tu osa-miR7695 ding kich thudc khi thuc hién PCR lan 2 véi cap primer

(P3, P4) con mau RNA chua xtr Iy Dnase I thi khong c6 bing dién di. C4 hai mau (xir

Iy DNase I va chua xir Iy DNase I) khi st dung mot cip doan primer (P3, P4) thi két

qua dién di cho ra bang nhung sai kich thudc. Dbi voi phan ing PCR st dung cling

ltc hai cap primer (P1, P2) va (P3, P4) trong mot phan ng thi két qua dién di cho
thiy khong c6 bang xuat hién (Hinh 3.10)
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Pa xir Iy DNase | Khong xir Iy DNase

r

M PIP2 P3P4 P3P4 PIP2 PIP2 P3P4 P3P4 PIP2
per]l per2 perl P3P4 perl per2  perl P3P4
cr er |

Hinh 3.10. Két qua dién di thir nghiém trén giéng lta J-short (giéng japonica)

(M): Thang do; (P1,P2) pcrl: su dung cdp primer (P1,P2) cho phan trng PCR thur 1;
(P3,P4) pcr2: str dung cap primer (P3,P4) cho phan tng PCR thtr 2; (P3,P4) pcrl: st
dung cap primer (P3,P4) cho phan tng PCR thu 1; (P1,P2,P3,P4)pcrl: su
dung cung lac ca 2 cédp primer (P1,P2) va (P3,P4) trong mdt phan tng PCR
tha 1.

Sau khi tong hop cDNA, phan tng PCR sir dung doan primer OsUbil duoc
tién hanh dé kiém tra mérc d6 biéu hién cua gen d6i chirg ndi OsUbil véi doan DNA
san pham duoc khuéch dai c6 do dai du kién 13 366 bp nham kiém tra chét luong

cDNA d tong hop.
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Két qua tit ca 20 mau déu c6 bang khoang 300 — 400 bp sang déu nhau, diéu
nay chimg to cDNA duoc tong hop dat chat lugng dé sir dung cho phan tmg Nested
PCR (Hinh 3.11)

6 78 9 101 RBWIIW6ITIEEDNA

20y Fesossreseal@deeEDened
.|.

Hinh 3.11. Két qua dién di cta gen ddi chiing ndi OsUbil trén cac giéng lta

(1): ST5; (2): Carolina Gold; (3): RVT; (4): OM8017; (5): OM5451; (6): IR50404;
(7): OM2517; (8): OM6162; (9): OM9528; (10): OM9921; (11): Nang Hoa 9; (12):
Jasmine85; (13): OM4900; (14): OMS576; (15): OM7347; (16): BC15; (17):
OM344; (18): OM4218; (19): OM6976; (20): J-short, ddi chirng; M: thang do
100bp.
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T I X A R I RN IR L]
+

Hinh 3.12. Két qua dién di phan ing PCRI1 sir dung cip doan primer (P1,P2)
(1): STS; (2): Carolina Gold; (3): RVT; (4): OMS8017; (5): OM5451; (6): IR50404;
(7): OM2517; (8): OM6162; (9): OM9528; (10): OM9921; (11): Nang Hoa 9; (12):

Jasmine85; (13): OM4900; (14): OMS576; (15): OM7347; (16): BC15; (17):
OM344; (18): OM4218; (19): OM6976; (20): J-short, ddi chirng; M: thang do 1kb.
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Hinh 3.13. Két qua dién di phan tng PCR2 sir dung cdp primer (P3,P4)

(1): ST5; (2): Carolina Gold; (3): RVT; (4): OM8017; (5): OM5451; (6): IR50404;
(7): OM2517; (8): OM6162; (9): OM9528; (10): OM9921; (11): Nang Hoa 9; (12):
Jasmine85; (13): OM4900; (14): OMS576; (15): OM7347; (16): BC15; (17):
OM344; (18): OM4218; (19): OM6976; (20): J-short, d6i chtrng; M: thang do
100bp.

12 3 456 7 8 910111213141516171819
osa-miR 7695
OsUbil

Hinh 3.14. Két qua dién di xac dinh sy hién dién cta osa-miR7695 trén 19 gidng
lua.

(1): STS5; (2): Carolina Gold; (3): RVT; (4): OMS8017; (5): OM5451; (6): IR50404;
(7): OM2517; (8): OM6162; (9): OM9528; (10): OM9921; (11): Nang Hoa 9; (12):
Jasmine85; (13): OM4900; (14): OMS576; (15): OM7347; (16): BC15; (17):
OM344; (18): OM4218; (19): OM6976.
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Két qua di¢n di danh gié chi ra r?mg c6 ton tai sy hién dién cta cac san phém
khuéch dai nested RT-PCR duoc quan sat trén hau hét 19 gidng laa thir nghiém (Hinh
3.12, 3.13). Gen OsUbil dugc st dung nhu la mot ddi chirng ndi thé hién chat luong
ctia cac cDNA tong hop tir RNA tong s6 1a tot cho cac phan tmg khuéch dai nested
RT-PCR (Hinh 3.14). Dé kiém tra sy chinh xdc cac san phim duoc khuéch dai tir
phan ung nested RT-PCR c6 phai 1a phan t precursor osa-miR7695 hay khong, cac

san pham nay duoc thu hdi va bién nap vao vector pJET].2 dé tién hanh giai trinh ty.

Két qua nghién ctru cho thay san pham khuéch dai ctia phan ing RT-PCR sau
khi duogc bién nap vao vector pJETI.2 va giai trinh ty cho ra mot chudi trinh tu c6
kich thudc dai 487 bp khong tinh kich thudc cua vector (Hinh 3.16). Két qua danh
gia su twong dong cua chudi trinh ty nay trén co so dir liéu miRBase cho thdy doan
trinh tu nay c6 diém twong dong rat cao véi phan tir osa-miR7695 véi hai doan két
qua trén sgi duong cua phan tir nay la osa-miR7695-5p va osa-miR7695-3p. Su tuong
ddng ctia chudi trinh tu bién nap v6i osa-miR7695-5p dat 120 diém va osa-miR7695-
3p dat 105 diém voi ngudng ki vong 1an luot 14 0,0004 va 0,006 cho thy kha ning
két qua bi sai léch khi dit liéu dugc mé rong 1a rat thap (Hinh 3.17). Bén canh do,
biéu do gioéng hang ciing cho thdy khong ton tai diém sai léch (mismatch) nao gitra
hai doan trinh tu, qua d6 c6 thé cho thiy doan két qua khuéch dai nay chinh 13 osa-
miR7695 ma nghién ctru can xac dinh. Tur d6, c6 thé két luan rang phan tir osa-

miR7695 ton tai trén tit ca cic gidng lua trong nghién ciru nay.
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geccctgcagor gaattatattatt ity oc aast aatttita scas aapcicteaaptc tict teattasaticttamat patact tat ctegasaattrte ocaa
ttagtazcatcacect gteantaa sttct asacc atttitt attettotattate totaatett actactogat gagttttctattatototattttaacttepasca
geticcatteattetitttttcateatapteaat asaa teaa ctectttasc actt gteccteaa caoc atceatcegpeataatacgacteact ataggeags
geegcegecagatcticeggatntegaptttite ageaapated G TAAAAT GCACTAGCGETCCTTAAACTTATCGG G
AGGTTTCACTTAAGT CCACGAACTTGCAAAGC GLACATC GAGGTCTCTAAACTTGGTITATTGT
ATCATCCCGGTOCAAAGCCACGITTGAITCTGGTCTT GUCTATGT GGCACGCCACGTRAAT A

TGACATGGAATITITTITAT TTTITICTCCCTTCTTCCITCITITITCACCACTGCGACAACCCCT
CCCCTOGTTCCGOCTCTCACCACCGAGAAAA4GGAGCAAGAAAGA GAAAA44AGAAGGAGE

AAGCGAGA4AAAAATALAAAAAATTCCAT GTCATTATCCACGT GATGT GLCACGTAGGCAAGA

CCACAGTCAAAT GO GG CTITGAACCG GAATGATAT AATAAACCAAGTITAGGGATCTC GATGT

GCACTIT GCAAGITCGTGGATCTAA GTGAAACCTCCTGACAAGITCAAGAACCGCTGGTGTAIT
TTACT Catetttctapaagatete ctaczatattet capetoce stopaaaategat pttctcttttattete tas gattt cappetot atattassacttat
cetettzaccascttatict geattitttiteaaceametita pascaspcttcaggaa actearacangaattttat taan astt taaa it gasrasa sttca
gepttaatagcatceattiittoctttocaspttoct cagcattett ascaasagac getcttitra catmittass stttaascctectot oteaaattatt atoc g
cteataaticeacacattatacgagor FeRapCata aamtAta sagcet PRpptec ctaat Zagtoapcta scto acat taattocttocacteact goca
attgctttccagte ppraaacct ptootoee apctoeat taat paate poC cascpe BT EUEamagecontitectattrracete ttocecttoc te
aEpPaaa gmcatgtgagcmagmgm533@@&:a:qg?aai:cgtmaa&EcgcﬂgctEEthhgmccgm{x:tgacgag
catcacaaaastcgacEricaagtc aPagEtraCARaa CoCEAC AR actat aasratacca gar pittc conct EEaapctr cotept ecaetctoct

gttccgaccetgccecttacc gratacctgtecgcetitcteoc ticgpeaage st gar petttcteatagcteacectet amptate teagtt coptotag et
cettcectecaagctegect stetecaceaaococcogttcageoc saccactac pocttatocgataactatepictteantee ascc cgpt aagacac
acactagaageacamtattigetatetacectotact gmgmé;tﬁﬁ?:ggaﬂmgagﬁ getapctettratccpcasa caasc cace potggt
apceeteettiitttetitocasmcaor apatt acococaraa aasaagpatct caag aa ga tct tteatcitttetacggeetctracactcagtegaacy
aaaactcacgttaaggpatitteoicat s gattateasaaspgatcicaccta gatocttita aatt sasa straastittas stca st sasptatatatya

etaaacttgrtcteacagitac castecttsateaptragecacctatete apceatetetctatite pitcatocat apttecotzact coccat oatetamat

aactacpatacpppareocttaceatctrpceccantectoc aatoatace o pagacceacocteaccaactcan At tat cam Caatasar camee
FCCEPaarEeCcearcEcaraa ptertoct araact ttat cogect ceat coagtetatt aatt pite cop e maspctamanta astamtt ceccaptta
ataptttoc poascottptteccattgctacamecatcpteptetcacecte sroptit grt tpcttcatt capcte coattoe caacatcaa pre gaptt
acatgateecocatotiotecaaasaagcppttaprtecttcgptoc tocpatcottote apaataapttpcoec antettateact catgptt atrocag
cactocatasttetettactotcatoceatoe paapat orttitctoteacto otoastacteaacoas preatt oo amaataptotatocepeaaccoant
gctetteccc goc pteaatacggataatacc gogccacatagcagaactitaasa ptocteateattepassacoticticpreecrasascict casgg
atcttaccgctettoazatec agttcatotasc coac tegtecacocaactoatetcageate it acttteacc agepttttepoteamcasasac ape
aaPgCaaaat o CPCAAAARAN P AAt AR P CFACA O aRAt Pt toatactea tact oite cittttea atattatt PR apcat ttat cappttattate
teatpapcopata catatitya stotatttaras aast aasc aasta ppoottocgeecacatttcoc coasaa gt recacctacote taamaa acca ttat

tatcatzacattascctataszastagecatatacgagge
I

Hinh 3.15. Két qua giai trinh tu cta LpJETI.2 chta trinh tu cta phan tir precursor
osa-miR7695.
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LpJET1.2F

/4 T7 promoter

Insert start from position 372

Arpicillin LpJET1.2R

rep(pMB1)

geeectgeageegaattatattatttttgecaaataatttttaacaaaagetctgaagtcticticatttaa
attcttagatgatacticatctggaaaatigtcceaattagtageatcacgcigtgagtaagtictaaacc
attittitatigttgtattatcictaatcttactactcgatgagtiticggtatiatcictatttitaactiggag
caggticcattcattgttttiticatcatagtgaataaaatcaactgetitaacactigtgcetgaacaccat
atccatccggegtaatacgactcactatagggagageggecgecagatcticeggatggctegagtittt
cagcaagatGAGTAAAATGCACTAGCGGTCCTTAAACTTATCGGGAGGTTTCACTT
AAGTCCACGAACTTGCAAAGCGCACATCGAGGTCTCTAAACTTGGTTTATTGTA
TCATCCCGGTCCAAAGCCACGTTTGATTGTGGTCTTGCCTATGTGGCACGCCAC
GTGAATGATGACATGGAATTTTTTTTATTTITITCTCCCTTCTTCCTTICTTTTTTCA
CCACTGCGACAACCCCTCCCCTCGTTCCGCCTCTCACCACCGAGAAAAAAGGAG
GAAGAAAGAGAAAAAAAGAAGGAGGAAGGGAGAAAAAAATAAAAAAAAT
TCCATGTCATTATCCACGTGATGTGCCACGTAGGCAAGACCACAGTCAAATGLG
GCTTTGAACCGGAATGATATAATAAACCAAGTTTAGGGATCTCGATGTGCACTT
TGCAAGTTCGTGGATCTAAGTGAAACCTCCTGACAAGTTCAAGAACCGCTGGT
GTATTTTACTCatctttctagaagatctectacaatattctcagetgecatggaaaategatgticttct

Hinh 3.16. Két qua cloning va giai trinh ty ctia phéan tir precursor osa-miR7695
(487bp).

Chu thich: Trinh tw mau do: primer LpJET1.2F; Trinh tw mau xanh: primer LpJET1.2R
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Lk miRBase MANCHESTER

miRBase

I
Két qua tim kiém trinh tw

Sea the BLAST help pages for detailed information about the meaning of the scares shown here,

_TQQZ@Q osamRIGE 137 Align
MIMATO029962 osamiR7E%5-dp 33 351 1 2'| + 105 0.006 Align

MIMAT0023961 osa-miR7G95-50 328 351 1 Pl - 03 Al
MIMATOO26437 sbimiRE2I0p 305 44 2 2 + 82 051 Algn
MIMAT0029962 osa-miR76%53p 137 157 1 2 - 11 Al
MIMATOD38756 cli-miR-9632-3p 119 138 1 2 £+ T8 11 Al
MIMAT0030334  hhi-miR-7790 266 282 2 18 + 18 18 Alg
MIMATO033810 sma-miR-84505p 305 39 § 19 + 720 Al
MMAT0033610 smamR84506p 169 183 § 19 20 Al
MIMATO007465  gga-miR-1599 291 30 1 20 + 13 29 A
MIMATO007465  gga-miR-1599 178 197 1 Pl 7329 A
MIMATO041119 eun-miR10221-3p 407 428 3 2 - 1329 Agn
MIMATO041261 eqr-miR-102665p 276 25 1 il 29 Al
MIMATO043410  oni-miR-10881 202 n 1 20 + 1828 Aig
MIMATO004294  chr-miR-792 169 186 2 19 + T2 35 A
MIMAT0004294  chr-miR-792 302 kil 2 18 - T2 35 Agn

Giéng cot truy van miRNA

Query: 137-160 0sa-miR7695-5p: 1-24 score: 120 evalue: 4e-04
UserSeq 137 ugecuauguggeacgecacqugaa 160
osa-miR7695-5p 1 lgllllullgclulelgﬁgg 2%

Query: 331-351  0sa-miR7695-3p: 1-21 score: 105 evalue: 0,006
UserSeq 331 acqugaugugecacquaggea 351
osa-miR7695-3p 1 lcéléluélélcllélagglﬁ 21

Hinh 3.17. Két qua phan tich BLAST (osa-miR7695) vé6i dit liéu miRBase.

Két qua phan tich trong thi nghiém nay cho thiy c6 sy hién dién cua phan tir
osa-miR7695 trén ca gidng lGa japonica va indica. Két qua nay c6 su khac biét voi
cong bd cua Campo va ctv. (2013) vén cho rang phan tir osa-miR7695 chi co trén

gidng la japonica ma khong cé trén giéng indica bang ky thuat Northern blot. Trong
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nghién ctru ndy nhom tac gia cho rang viéc phat hién osa-miR7695 & nhém japonica
6n doi va nhiét d6i nhung khong phai & nhom indica 1a do 2 nhom nay c6 thé co
ngudn gde tir cac quan thé hoang di khac nhau. Lich sir thuin hoa laa gao van con 1a
mot van dé tranh luan. Mic du ngudi ta thuong cho rang O. glaberrima c6 ngudn gdc
tir tO tién hoang di cua né 1a O. barthii (Linares, 2002), nhung van con tranh cii vé
t6 tién hoang da cta loai O. sativa. Ngudi ta d3 dé xuét rang cac loai phu japonica va
indica ctia O. sativa 12 san pham cta cac su kién thuan héa riéng biét tir cic quan thé
O. rufipogon 16 tién da khac biét hoa (Londo va ctv., 2006). Su hién dién cua osa-
miR7695 trong nghién ctru ctia Campo va ctv. (2013) cha yéu duoc thuc hién trén cac
gidng la hoang da thuéc nhém Oryza. Tuy nhién cac gidng laa sir dung trong nghién
clru nay ngoai Carolina Gold duoc xem 13 gidng lua thudc nhéom O. glaberrima con
lai da s6 1a cac giéng lua lai dugc thuce hién tir cac nguén vat liu khac trong d6 khong
loai trir ¢4 ngudn gdc to tién cua chiing thudc nhom japonica. Sy hién dién cua osa-
miR7695 trén cac gidng lta lai thuoc nhoém indica da bd sung cho két qua nghién ciru
ctia Campo va ctv. (2013) va ciling dong gop vao qua trinh thuan hoa lua. Ngay nay
v6i su gia tang trinh tu bo gen cua cac loai 1aa hoang di va lua trong s& tao diéu kién
thuan loi cho viéc hiéu dugc lich sir tién hoa ciia cac miRNA méi duoc nhan dang tu
céc giong lta thudc cac nhém khac nhau trong chi Oryza.
3.4. Panh gia mirc dd biéu hién ciia phin tir osa-miR7695 trén cac giong lua
thugc nhém chong chiu va man cdm véi nam gay bénh dao 6n, M. oryzae
Dua trén két qua sy hién dién ctia ctia phan tir osa-miR7695 trén cac gidng lta
thugc nhom indica tai Viét Nam, viéc danh gia sy khac biét vé mirc d6 biéu hién giira
cac gidng laa thudc nhom chdng chiu va min cam dugce thue hién bing phuwong phap
RT-PCR va realtime PCR. Trong nghién ctru nay 3 gidng laa dai dién cho mdi nhém
chdng chiu va man cam véi M. oryzae dugc st dung dé tién hanh danh gia kha ning
biéu hién clia osa-miR7695 & cac thoi gian sau lay nhiém khac nhau bao gdm 24 hpi,
48 hpi va 72 hpi. Két qua phan tng Nested RT-PCR cho thiy osa-miR7695 hién dién
trén 06 gidng lua tiéu biéu thudc nhom lua chéng chiu va nhom lta min cam (Hinh

3.18a). O cac giéng lta thuéc nhom lta chdng chiu, cac bing dién di 6 xu hudng to,
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r0 hon theo trinh tu 24 hpi, 48 hpi, 72 hpi (Hinh 3.18a). Trong khi d6, cac bang dién
di trén nhom lta man cam rat mo va khong nhan ra dugc su thay doi gifta cac thoi
diém (Hinh 3.18a). Két qua phéan tich qRT-PCR cho thay mirc d6 biéu hién ctia nhém
chdng chiu cao hon han so v6i nhom lta man cam & cac thoi diém 24 hpi, 48 hpi va
72 hpi (Hinh 3.18b). Két qua nay rat twong dong véi két qua biéu hién cua osa-
miR7695 trén hai nhom lua duwgc thuc hién bang phuong phap RT-PCR. Phan tich
thong ké cho thay co su khac biét gitra nhom lta chong chiu va nhom lia man cam

(Phu luc 6).

2-ACt
Nhom lia khing  Nhém lia man cim b
a 18,00
& # ®24 hpi
16.00 * ‘l
osa-miR7695-24hpi 12.00 72 hpi

10.00
8.00
6.00

Ubi

03a-miR7695-48 hpi

i 4.00 I i
2.00
' I 3
osa-miR7695-72 hypi 0.00
A & 5 A \
0\5 \.‘\\ .'R' l‘.\ )\P\ AN
Uhi 2 K
Ry o Q o

Hinh 3.18. Mtc d6 biéu hién cta osa-miR 7695 trén mot s6 gidng lta dai dién cho
hai nhém lia chdng chiu va man cam véi nam M. oryzae.

Chii thich: Hinh a. Két qua Nested PCR ; Hinh b. Két qui qRT-PCR trén 6 giong
liia dai dién ¢ cdc thoi diém sau ldy nhiém (**: P <0,01; hpi: gio sau ldy nhiém).
Pé danh gia r& hon sy khac biét vé mirc do biéu hién osa-miR7695 giita cac
gidng lua trong hai nhom lta chong chiu va nhom laa man voi ndm M. oryzae, k¥
thuat qRT-PCR duoc tién hanh véi cac thoi diém nhiém bénh khac nhau (24 hpi, 48
hpi va 72 hpi). Két qua cho thiy mirc do biéu hién cta osa-miR7695 dugc diéu hoa
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tang & thoi diém 24 hpi & ca nhém laa chdng chiu va man cam. Gia tri biéu hién cao
nhat ctia osa-miR7695 duoc ghi nhan ¢ thoi diém 72 hpi trén nhom laa chdng chiu
vé ¢6 su khac biét vé mat théng ké khi so sanh v&i nhom lda man cam ¢ cung thoi
diém (Phu luc 6) (Hinh 3.19). Sy biéu hién ting osa-miR7695 1am ting ndng do st,
ting cudng dap Gmg mién dich théng qua su tc ché gen dich OsNramp6 (Campo va
ctv., 2013; Peris-Peris va ctv., 2017). Bén canh do, mo6 dun osa-miR7695-OsNramp6
con tham gia trong viéc tang cuong tich liiy phytoalexins ¢ lua thong qua tang cuong
biéu hién gen OsCPS2, OsCPS4 (Feng va ctv., 2021). Két qua trong nghién ctru nay
cho thay co su twong ddng véi cac bao cdo trude ddy caa Campo va ctv. (2013) vén
cho rang biéu hién ting osa-miR7695 1am ting kha ning chéng chiu nAm M. oryzae
thong qua su e ché gen dich OsNramp6. Tuy nhién, nghién ctru cia Campo va ctv.
(2013) chi m&i tién hanh phan tich so sanh mitc d6 biéu hién giita ciy lta chuyén gen
biéu hién ting osa-miR7695 va cay lua ddi chimg. Con trong nghién ciru nay, thi
nghiém duoc tién hanh véi tap hop 19 gidng lua trong thuc té tai Viét Nam. Két qua
nay ciing 12 két qua dau tién phén tich biéu hién ctia osa-miR7695 trén tap hop nhiéu
gidng lua trong tai Viét Nam. Py 1a 1an dau tién cac dang biéu hién ctia osa-miR7695
dugc danh gia trén cac giong lta thudc nhom indica trong tai Viét Nam. Két qua nay
rat ¢6 ¥ nghia trong viéc xay dung cic quy trinh phan biét cac giéng lta thudc nhoém
chéng chiu va man cam véi nim gay bénh dao on dua trén cac gia tri biéu hién cua

phan tr osa-miR7695.

Bén canh do, trong nhom laa chéng chiu mac du khi danh gia ti 1& nhiém bénh
thi giéng ST5 cho phan trim ti 1& nhiém bénh rat t6t véi phan trim nhiém chi 7,26%.
Tuy nhién, khi danh gia biéu hién ciia osa-miR7695 thi lai cho thay sy tich liiy biéu
hién cuia phan tir ndy kha thap va chi cao hon cac giong & nhém min cam mot khoang
nho (Hinh 3.18b). Diéu nay c6 thé 1y giai boi tinh 6n dinh trong sy biéu hién tich liy
ctia cac miRNA 13 khong gidng nhau hoan toan & moi ca thé. Biéu hién cia miRNA
mang tinh ca thé hoa cho tirng nhom té bao, md, ca thé, loai khac nhau va cac giai
doan sinh truong cling nhu dudi cac tdc nhan khic nhau. Sy khéc biét nay do bdi

trong cac t€ bao, ¢ cac giai doan khac nhau cac miRNA s€ di¢u hoa mot hodc nhi¢u
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con dudng tin hiéu khac nhau lién quan dén nhiéu yéu t6 dép ng vdi tinh khang.
Mic du vy trong truong hop nay, sy biéu hién ctia osa-miR7695 trén ST5 & cac giai
doan khac nhau sau lay nhiém van tuong ddng v6i nhom chéng chiu va khac hoan
toan so v6i nhdm méan cam (Hinh 3.19). Do viy, dé c6 thé danh gia chinh x4c su biéu
hién cua osa-miR7695 trén STS5 cling nhu tinh on dinh cta osa-miR7695 trén tat ca
céc gidng lGa trong nudc, trong cac thi nghiém tiép theo can phai ting sé luong mau

nhiéu hon dé danh gia mot cach khach quan nhat.
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Hinh 3.19. Mtc d6 biéu hién cia microRNA osa-miR7695 & 19 gidng laa trong &
Viét Nam. Murc do khéc biét c6 ¥ nghia thong ké gitta nhém chdng chiu va min

cam (** twong duong P < 0,01; hpi: gid sau 14y nhiém).
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3.5. Phan tich gia tri biéu hi¢n ciia phin tir osa-miR7695 trén cac gidng lua
chong chiu va man cam véi nam M. oryzae.

Khuynh hudng biéu hién cta phén tir osa-miR7695 trén cac gibng lta nghién
ctru da dugce xac dinh, song gia tri biéu hién chung ctua hai nhom laa chéng chiu va
mAan cam van can duoc xac dinh. Phan tich biéu dd hop dwa trén gia tri 22 ciia osa-
miR7695 dugc thuc hién trén 19 giéng lua cua ca hai nhom chéng chiu va man cam
v6i M. oryzae & céc thoi gian sau 1ay nhiém khac nhau 24, 48 va 72 hpi. Két qua chi
ra rang biéu hién ciia osa-miR7695 ting manh & 72 hpi va c6 su khac biét mang tinh

thng ké & ca 2 nhom (Hinh 3.20).

Két qua danh gia mirc d6 bicu hién ciia osa-miR7695 trén hai nhom lta cho
thiy ¢ thoi diém 24 hpi, gia tri biéu hién ctua 22¢* nam trong khoang 1,89 — 8,71
(nhom gidng lua chdng chiu) va 1,15 — 3,28 (nhom gidng lta man cam). Sau 48 hpi,
con sd nay ¢ nhom gidng lta chong chiu dao dong trong khoang 3,68 — 6,28 va tir
1,63 — 2,55 trén nhém man cam. Dén 72 hpi, gia tri biéu hién 22 ndm trong khoang
8,75 — 15,54 (nhom gidng laa chdng chiu) va 1,91 — 3,39 (nhom gidng lta min cam)
(Bang 3.4).
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Hinh 3.20. Biéu d6 hop mo ta biéu hién cua osa-miR7695 & 19 gidng laa chong

chiu va min cam. Marc do khac biét co y nghia théng ké (**: P< 0,01; hpi: gid sau

lay nhiém).

Bing 3.4. Phan tich biéu d6 hop gia tri biéu hién clia osa-miR7695 & nhom laa

chéng chiu va nhom laa min cam & cac thoi diém khac nhau (24 hpi, 48 hpi, 72 hpi)

\ . I Gia Gia Gia Gia | Gia
Thoi So . . . . .
L . Trung tri tri tri tri tri
Nhom laa | gian | lugng R ; N A .
miu binh nho | phan | trung | phan | lén
nhat | vi Q1 vi vi Q3 | nhat
Nh,(')m lua
chong 6 4,37 1,89 | 2,21 3,1 6,42 | 8,71
) 24
chiu hpi
Nhom lua 13 | 2,06 | 1,15 | 1,57 | 221 | 2,58 | 328
man cam
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Nhom lua
chéng 43 6 3,68 1,49 | 2,68 3,48 4,56 | 6,28
chiu hoi
Nhom lua Pl
man cam

Nhom lua
chéng 7 6 8,75 3,69 6,06 7,21 11,7 | 15,54
chiu hoi
Nhom laa | P!
man cam

13 1,63 0,47 | 1,54 1,7 1,84 | 2,55

13 1,91 0,8 1,19 1,8 2,6 3,39

Nhin chung vé mit tong quan khong cé su thay d6i qua nhiéu vé khoang
ngudng biéu hién gitta cac thoi diém khac nhau ¢ ca hai nhém. Tuy nhién, vé mat
biéu hién trung binh c6 thé dé dang thay duoc su gia ting biéu hién rat cao ¢ khoang
72 hpi so véi ca 24 hpi va 48 hpi trén nhom lta chéng chiu khi gia tri biéu hién 24t
tang tir 4,37 (24 hpi) 1én 8,75 (72 hpi). Két qua phan tich thdng ké ciing cho thiy sy
khac biét nay co ¥ nghia thong ké o tat ca cac thoi diém danh gia voi do tin cay dat
dén 99% (P <0,01), qua d6 cho thay tiém ning ung dung cao cua osa-miR 7695 nhu
mot dau an sinh hoc khi su khac biét biéu hién dugc duy tri ¢ tat ca cac thoi diém
danh gia.

Pé xac dinh d6 nhay va dic hiéu cua gia tri 22 khi so sanh gitta 2 nhom laa
chdng chiu va nhém lta man cam, phuong phap dudng cong ROC (receiver operator
characteristic) dugc st dung (Quoc va ctv., 2019). Trong do, dd nhay va d¢ dac hi¢u
duoc xac dinh dua vao dién tich bén dudi dudong cong (Area under the curve — AUC).
Theo 1y thuyét vé hoi quy nhi phén, gia tri AUC dao dong trong khoang tir 0,5 dén 1
tuong tng véi do nhay va do dic hiéu dao dong tir thap (0,5) dén cao (1). Két qua
phan tich cho thay gia tri AUC dat 0,899 (véi do tin cay 1a 95%) (Bang 3.5) . Dicu
nay cho thdy mé hinh nhéan dién, phan biét nhom lta chdng chiu va min cam dua trén
osa-miR7695 1a chinh xac, hi€u qua cao va c6 kha nang ung dung vao thyc té khi do
dac hi€u va do nhay cao dai dién cho kha nang phan biét duong tinh that va am tinh

that & cac giong lta (Hinh 3.21).
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Hinh 3. 21. Puong cong ROC (Receiver operator characteristic) thé hién do nhay
va do dic hiéu cia gi tri 22t (osa-miR7695) trong viéc phan biét nhom giéng lta

chdng chiu va min cam.Dién tich bén dudi duong cong (AUC) 1a 0,899.

Bang 3.5. Két qua phan tich duong cong ROC osa-miR7695 ctia nhém lta chong

chiu va nhom Iia man cam.

Chi tiéu Osa-miR7695
Dién tich dwéi duwong cong (AUC) 0,8988
Do 1éch chuén (Std. Error) 0,054
S6 miu dwong tinh 18
S6 mAu Am tinh 39

Phuong phap ROC dugc st dung dé xac dinh do nhay va do dac hiéu tur do

tinh toan tinh chinh x4c va kha ning 4p dung thyc tién cia mot mé hinh du doan trong
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hau hét cac linh vue khoa hoc k¥ thuat (Obuchowski va Bullen, 2018). Bac biét trong
linh vuc noéng nghiép lién quan dén tinh khang nam bénh, phuong phap ROC ciing
duoc st dung trong vi¢c xac dinh do dac hi¢u va tinh hiéu qua trong vi¢c phan biét
¢6 hodc khong c6 bénh dao 6n trén laa nho md hinh hé théng mang no-ron tich chap
sau xur 1y anh (Liang va ctv., 2019), du béo tinh trang va kha ning nhiém bénh dao
on trén dong rudng bang mo hinh dy bao dua trén dit liéu thoi tiét (Sriwanna, 2022)
va phan biét gibng 14a indica hoic japonica (Kim, 2018). Tuy nhién, hau nhu chua
¢ cong bd nao st dung cho viéc phan biét giéng lta chéng chiu hodc man cam dua
trén cac gia tri biéu hién ctia osa-miR 7695 bang phuong phap ROC & Viét Nam. Két
qua ctia nghién ctru nay cho thdy do nhay va do chuyén biét khi st dung osa-miR7695
1a dat yéu cau khi gia tri AUC gin bang 0,9 (gia tri 1 1a hoan hao nhat) ddng nghia
voi viée mo hinh phan biét lta dua trén gia tri biéu hién cua osa-miR7695 thu nhan
tir phan (mg Realtime-PCR 14 hiéu qua, tinh chinh x4c dat xap xi 90%. Piéu nay cho
thy tinh on dinh ctia phan tir osa-miR7695 khi phén tich gia tri biéu hién ctia né trén
2 nhém laa chéng chiu va man cam tai Viét Nam hoan toan c6 kha ning tmg dung
vao thuc té. Do vdy, két qua phan tich cho thiy phan tir osa-miR7695 c6 thé tré thanh
mot chi thi phan tir (marker) tiém ning hd tro phéan biét gidng lua chong chiu va min
cam véi ndm gy bénh dao 6n, M. oryzae. Pidu nay hd tro rat nhidu cho cac chuong
trinh tuyén chon va lai tao cac giéng lua tai Viét Nam hién nay khi ap dung sinh hoc
phan tir vao cac budc danh gia ban dau mot cach nhanh chong va kip thoi.
3.6. Pdnh gia bicu hi¢n ciia phan tir osa-miR160a trén cac gidng lia chong

chiu va man cam véi nam gay bénh dao 6n, Magnaporthe oryzae.

Bd gen cua lua c6 6 vi tri gen tao ra osa-miR160, tuy nhién chi tao ra c6 3
isoforms (miRNA ddong dang) trudng thanh 13 osa-miR160a/b/c/d, osa-miR160e, va
osa-miR160f (Li va ctv., 2019). Nghién ciru trude day cho thdy biéu hién ting osa-
miR160a 1am ting kha nang dé khang voi ndm M. oryzae & laa thong qua mét sb co
ché nhu: tang néng d6 H20; khi ¢6 sy xAm nhiém ctia nAm M. oryzae, tang muc do
biéu hién cta cac gen khang OsPRI, OsPR10 (Li va ctv., 2014). Tuy nhién, viéc danh

gi4 mang tinh ing dung mirc d6 biéu hién ctia osa-miR160a trén cac gidng lta thudc
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nhém man cam va chdng chiu véi M. oryzae van con chua rd. Trong nghién ctru nay,
dé danh gia mirc 46 biéu hién ciia osa-miR160a trén cac gidng lua bi lay nhiém nam
M. oryzae, cac phan ting qRT-PCR dugc thuc hién véi cac mau 14 1a sau khi lay
nhiém & 24, 48 va 72 hpi. Mac du c6 sy da dang vé mirc do biéu hién cua osa-miR160a
giita cac gidng & cac thoi diém sau 1ay nhidm khac nhau, két qua cho thiy su biéu
hién tang cua osa-miR160a dugc quan sat trén 3/5 (RVT, IR50404, T¢ Tép) va 3/5
(IR50404, Té Tép, OM9582) cac gidng lua chdng chiu & cac thoi diém 1an lugt 13 24
hpi va 48 hpi (Hinh 3.22). Trong d6, biéu hién cta phan tir nay dic biét cao & 2 giong
lta chdng chiu 1a IR50404 va Té Tép khi gia tri biéu hién cta 2 gidng nay cao xap xi
dat 500 diém. Mit khac, mirc do tich lily ctia phan tir ndy & cc gidng c6 sy da dang
cao voi xu huéng ting dan sau 24 gid 1y nhiém, dat cuc dai sau 48 gio 1ay nhiém va
mitc d6 tich lily s& giam dan quay vé trang thai 6n dinh sau 72 gio 1ay nhiém trén céc
gidng IR50404, Té Tép, OM9582. Trén mot sd giong khac trong nhém chdng chiu
nhu RVT va ST5, mirc do tich iy sau 1ay nhidém chi gia ting & thoi diém 24 gid va
giam dan & cac thoi diém sau d6. Nguoc lai, khuynh huéng biéu hién cua phan tir
osa-miR160a trén cac gidng thudc nhéom man cam lai chua rd rang, hau nhu khong
¢ sy gia ting qua cao & cac gidng & trude va sau cac thoi diém 1ay nhiém (Hinh

3.22).

Két qua nay co su twong déng so v6i nghién ciru trude day khi tién hanh so
sanh murc d6 biéu hién ctia osa-miR160a trén gidng lta khang (IRBLkm-Ts) va gidng
laa man cam (LTH), nghién ctru nay ciing cho rang mirc do biéu hién ting osa-
miR160a trén gidng lta khang (IRBLkm-T) cao hon gap 4 lan so véi gidng laa man
cam (LTH) ¢ thoi diém 12 hpi va 24 hpi (Li va ctv., 2014). Biéu hién cua osa-
miR160a lién quan dén sy diéu hoa cua gen dich ARFs d4p ung khac nhau v&i nhan
t6 auxin va tin hiéu abscisic ( Huang & Zhao, 2016; Mallory va ctv., 2004). Cac gen
dich ARFs dugc giai phong sé kich hoat hodc ngin chan su biéu hién ctia mot tap hop
16n cac gen dap ng voi auxin bang cach lién két voi cac yéu té dap tng voi auxin
(AuxRE) trong viung diéu hoa cua chung (Huang & Zhao, 2016); auxin dugc xem

nhu 12 mot nhan t6 anh huong dén kha ning chdng chiu ndm M. oryzae cia laa (Li
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va ctv., 2014). Osa-miR160a c6 thé diéu hoa 6 trén 25 gen dich trong nhom ARFs
lién quan dén auxin (Livactv., 2014). Trong do, su biéu hién ARF10, ARF16, ARF17
déu da duoc danh gia 1a lién quan dén tinh khang trén lua ( Huang & Zhao, 2016;
Mallory va ctv., 2004). Tuy nhién, muc do biéu hién cua céac gen myc ti€éu khac nhu
ARFS, ARF18, ARF22 van chua dugc danh gia 1a c6 lién quan dén hé mién dich cua
cay lta chéng chiu v6i sy xAm nhidm cua M. oryzae va né can duge diéu tra thém vi
céc biéu hién ctia chung c6 thé dao dong khac nhau ¢ ca giéng khang va gidng nhiém.
Diéu nay ciing din dén sy khac nhau vé dang biéu hién cia osa-miR160a trén cac

giong lta khac nhau ¢ cd 2 nhém chong chiu va man cam véi nam gay bénh dao on.

osa-miR160a
2-ACt

Nhém hia chong chiu Nhém hia man cim

m 24 hpi
m 48 hpi
72 hpi
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A 4
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Hinh 3.22. Két qua mirc do biéu hién ctia osa-miR160a trén cac gibng lta thude

nhom chong chiu va man cam véi nam gay bénh dao 6n, M. oryzae.
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Phén tich biéu d6 hop (Box plot) cac gia tri 22 cia osa-miR160a duogc thuc
hién v6i 10 gidng lta ciia cd 2 nhém chdéng chiu va man cam véi ndm M. oryzae &
cac thoi gian sau nhidm khac nhau (24, 48 va 72 hpi). Két qua chi ra ring muc do
biéu hién cta osa-miR160a c6 khuynh huéng ting & thoi diém 24 hpi va 48 hpi trén
cac gidng laa thudc nhom chdng chiu (Hinh 3.23). Tuy nhién chi duy nhat & thoi
diém 24 hpi méi c6 sy khac biét vé mit thdng ké (P < 0,05), trong khi d6 khéng c6
su khac biét vé mit thong ké & 48 va 72 hpi giita nhém laa chdng chiu va nhom laa

man cam (Hinh 3.23).

2-Act 24 hpi 48 hpi 72 hpi
600 -
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w0 d . })ié;m & it cimg
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300 -
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Hinh 3. 23. Biéu do hop (box plot) cac gia tri biéu hién ctia osa-miR160a trén 10
giong lta thudc hai nhém chdng chiu va min cam véi M. oryzae & cac thoi diém
sau ldy nhiém khac nhau (24, 48 va 72 hpi). Dau * chi mic d6 khac biét c6 y ghia
vé mit théng ké giita 2 nhom lua (P < 0,05).
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Chung t6i cling nhan thay sy tich liy gia ting cua phan tir osa-miR160a thong
qua gia tri 22 trung binh clia osa-miR160a trén cac giéng lha thudc nhom chong
chiu bénh dao 6n cao hon 2,6 14n so véi gia tri 22t trung binh cta osa-miR160a trén
cac gibng lua thudc nhom man cam voi M. oryzae (Bang 3.6). O thoi diém 24 hpi,
cac gidng lua chdng chiu va min cam v&i M. oryzae cb gia tri 22 cia osa-miR160a
lan luot 13 trong khoang 10,52 — 17,87 va 4,04 — 7,48 (Bang 3.6). Két qua phén tich
nay ciing thé hién su trong déng voi nghién ciru trude day cia Li va ctv. (2014) khi
cho rang muc d6 tich lily osa-miR160a c6 su khac biét giita cac giéng chéng chiu va
giéng man cam & 24 hpi. Do d6 viéc xac dinh sy khac biét c6 y nghia théng ké cua
gia tri biéu hién 22 (osa-miR160a) trén cac giong lua thudc hai nhom s& cung cap
thong tin dir liéu hitu ich giup sang loc va phan biét cac gidng lta chéng chiu hay
man cam véi nam M. oryzae & 24 gid sau 1ay nhiém.

Bang 3.6. Két qua phan tich biéu do hop (box plot) muc do biéu hién cua osa-
miR160a gitta nhom laa chéng chiu va man cam v&i M. oryzae & 24 hpi (hpi: hour

post innoculation.

. S6 | Gia tri Gis tri Trun Gia tri
Nhom lua p lwgn| trung A Q1 ) g Q3 | bién phia
i . bién goc Vi
g binh ngon
héng chiu voi
Chong chiu voi 511052 | 463 |579|10,16] 14,15 | 17.87
M. oryzae
24

Man cam voi M. 5 4,04 1,12 1,76 | 2,80 | 7,06 7,48
oryzae

Nhu vay, viéc danh gia mic d6 biéu hién cta osa-miR160a trong nghién ciru
nay di duoc thyuc trén 10 giéng laa thudc 2 nhom chdng chiu va man cam véi nAm
gy bénh dao 6n, M. oryzae & cac giai doan sau nhiém bao gdm 24, 48 va 72 hpi.
Mirc d6 biéu hién ctia osa-miR160a & cac thoi diém 48, 72 hpi khong co sy khac biét

vé mat thong ké gitta nhém laa chong chiu va man cam voi M. oryzae mac du khuynh
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huéng biéu hién cta phan tir nay & 48 hpi van c6 xu hudng cao so véi nhom min
cam. O thoi diém 24 hpi, mic d6 biéu hién cia osa-miR160a ciia nhom lia chong
chiu M. oryzae cao hon 2,6 1an so v6i nhom lua man cam M. oryzae. Cac két qua dat
dugc trong nghién ciru nay cho thiy osa-miR160a c6 thé duoc st dung nhu mot chi
thi lién quan dén tinh chéng chiu va man cam voi bénh dao 6n cta lta nho su khac
biét va murc do tich liiy cao ¢ nhitng giéng lua chéng chju dugc v&i nAm bénh dao 6n
qua do htra hen 1a mot cong cu hiru ich, tiém nang dé hd trg cho céc cong tac danh
gia va lai tao lta & nudc ta hién nay. Hon thé, nghién ctru méi day cta Feng va ctv,
(2022) con cho thiy osa-miR160a khong chi diéu hoa tinh khang ciia cy lua voi bénh
dao 6n ma con ¢ nhiéu bénh khac véi co ché tuong tu la nham dén muc tiéu 1a cac
gen thudc ho ARF's va ARFS§ la gen dugc lam giau chu chdt cho sy diéu hoa da muc
tiéu nay. Piéu nay cho thiy sy tang biéu hién osa-miR160a c6 kha nang diéu hoa phd
rong chdng lai cac tac nhan gdy bénh vai cay lua. Cu thé, osa-miR160a diéu hoa tinh
khang ph rong cia lta khi nham vao gen ARF18, ARF22, ARFS, ARF10. Trong d6
su giam biéu hién cta ca 4 gen nay déu lam tang cuong tinh khang d6i v6i ndm M.
oryzae, ARFI8 nhay cdm hon v6éi R. solani va ARFI0 nhay cdm hon véi
Xanthomonas oryzae pv. Oryzae (Xoo). Ngoai ra, su diéu hoa cta osa-miR160a con
kiém soat cac phan tng phong thil co ban cta cdy lua nhu hé théng tin hiéu phong
tha PTI, diéu hoa mirc d6 tich liiy H2O2, kich thich hinh thanh mé seo va nhom gen
PR ma khong can trai qua diéu tri. Nhu vay, gia tri biéu hién ctia osa-miR160a trong
nghién ctru ndy khong chi 1a mot chi thi tiém ning dé hd tro cho viéc lai tao cac gidng
lha chéng chiu v&i bénh dao 6n ma con 1a cac bénh khac nhu kho van hay bénh chay
bia 14 lua. Cong cudc chon gidng chdng chiu sdu bénh vin con nhiéu han ché trong
nude, két qua ciia nghién ciru nay s& 1a mot dong gop mang tinh ing dung day tiém
nang trong tuong lai.
3.7. Panh gia biéu hién ctia phan tir osa-miR169a trén cac gidng lia chong

chiu va man cam véi nam gay bénh dao 6n, Magnaporthe oryzae.

Vai trd ctia microRNA lién quan dén kha ning chéng chiu cua laa d6i véi nAm

M. oryzae ngodi osa-miR7695 con c6 rat nhiéu miRNA khéc nhu osa-miR160a, osa-
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miR162a, osa-miR164a, osa-miR169a, osa-miR398b, osa-miR319b (Huang va ctv.,
2016; Liva ctv., 2020; Li va ctv., 2017; Li va ctv., 2019a; Wang va ctv., 2021; Wang
va ctv., 2018). Néu nhu osa-miR7695 duge mo ta 1a biéu hién ting dbi voi tinh khang
M. oryzae cta laa bang cach giam sy biéu hién ciia mot sé bién thé phién mi gen
OsNramp6 (Campo va ctv., 2013; Peris-Peris va ctv., 2017) thi nguoc lai mot sb
miRNA nhu osa-miR169a lai duoc mé ta 1a biéu hién giam ddi véi tinh khang cta
laa (Li va ctv., 2017). Biéu hién qua mic osa-miR169a s& dan dén giam biéu hién
cua gen phong thu trong ho gen NF-YA & mtc d§ phién ma va dich ma lam cay lua
tré nén nhay cam véi cac chung ndm M. oryzae (Li va ctv., 2017). Tuy nhién, viéc
danh gia mang tinh tng dung muc d6 biéu hién ciia osa-miR169a trén cac giéng lha
thugc nhém man cam va chdéng chiu v6i M. oryzae van con chua rd. Trong nghién
clru nay mirc do biéu hién cua osa-miR169a duge danh gia trén 12 giéng lua voi 6
gidng lua dai dién cho mdi nhom laa chdng chiu va min cam véi nam M. oryzae &
céc thoi gian sau lay nhiém khac nhau (24 hpi, 48 hpi, 72 hpi) bang phwong phap
qRT-PCR. Két qua cho thay sy biéu hién ting cta osa-miR169a dugc quan sat trén
3/6 (ST5, IR50404, OM9582) va 5/6 (RVT, IR50404, OM9582, OM6162, Nang Hoa
9) giéng lta chéng chiu M. oryzae & cac thoi diém 1an luot 12 48 hpi va 72 hpi (Hinh
3.24). Dong thoi, mic do tich iy ctia osa-miR169a trén cac gidng chong chiu khong
dugc tich lity 16n & cac thoi diém 0 hpi va 24 hpi va khong co su khac biét so voi mitc
d6 tich lily trén cac giéng lia man cam. Nguoc lai, trén cac gidng lta man cam mic
du c6 sy da dang trong muc do tich liy biéu hién cta osa-miR169a trén mdi giéng

song nhin chung mirc do biéu hién lai c6 khuynh huéng giam sau thoi diém 24 hpi.

Két qua nay c6 su khac biét so v6i cac nghién ctru trude ddy khi biéu hién ting
qua murc osa-miR169a s& dan dén {rc ché biéu hién cua cac gen dich NF-Y4s lam gia
ting tinh nhay cam voi ndm M. oryzae cta laa (Li va ctv., 2017). Su biéu hién cua
osa-miR169a lién quan dén sy diéu hoa ctia bay gen dich d4p tng khac nhau véi quéa
trinh nhiém M. oryzae trén lha. Bay gen dich nay ctia osa-miR169a thudc nhiéu nhém
khac nhau trén cay phat sinh loai va déng nhiéu vai trd khac nhau trong kha ning

mién dich cua laa ddi v&i M. oryzae (Li va ctv., 2017). Sy biéu hién giam cia gen
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NF-YAI hay biéu hién ting ctua gen NF-YAI, NF-YA2 va NF-YA6 déu lién quan dén
kha ning chéng chiu sy xdm nhiém ciia M. oryzae trén laa (Li va ctv., 2017). Hon
nita mac do biéu hién cua céac gen muc tiéu khac nhu NF-YA4, NF-YA3 va NF-YAI0
van chua duoc danh gia la co lién quan dén hé mién dich cua cay lua chéng chiu voi
su xam nhiém cta M. oryzae, va can duge diéu tra thém vi cac biéu hién cua ching
c6 thé dao dong khac nhau & ca gidng chdng chiu va gidng min cam (Li va ctv.,
2017). biéu nay cling din dén su khac nhau vé dang biéu hién cta osa-miR169a trén
cac gidng lua khac nhau ¢ ca 2 nhém chéng chiu va man cam v4i nam gay bénh dao

A

on.
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Hinh 3.24. Mtc d6 biéu hién cta osa-miR169a trén cac giéng lua thudc nhom
chdng chiu va man cam véi ndm gay bénh dao on, M. oryzae (hpi: gio sau lay
nhiém)

Dé 1am 0 hon sy khac biét vé mirc d biéu hién ciia osa-miR169a trén céc
giong lta thudc hai nhom chéng chiu va man cam véi ndm M. oryzae, phan tich biéu
d6 hop (box plot) dugc thuc hién dua trén gia tri (osa-miR169a) cia 12 gidng la.
Két qua chi ra rang sy ting biéu hién cua osa-miR169a duoc quan sat & 48 hpi va 72
hpi trén cac giong laa thudc nhom chong chiu (Hinh 3.25). Tuy nhién sy khéac biét
¢ y nghia thong ké vé mirc d6 biéu hién cia osa-miR169 giita cac gidng lua thude
hai nhém chi thé hién & 72 hpi trong khi d6 sy khac biét khong c6 y nghia giita hai
nhém dugc quan sat ¢ 0, 24 va 48 hpi (Hinh 3.25, Phu luc 6). Hon nita, su gia ting
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clia gid tri 22t (osa-miR169a) trung binh trén cac gidng lta thudc nhém chdng chiu
v6i M. oryzae cao hon 25 14n so voi cac gidng lua thudc nhom min cam véi M. oryzae
(Bang 3.7). O 72 hpi, cc gidng lta chdng chiu va man cam v&i M. oryzae c6 gia tri

2:0C (0sa-miR169a) 14n lugt 13 56,15 - 202,93 va 0,72 — 6,4 (Béng 3.7).

Mic du biéu hién ting cta osa-miR169a ciing dugc quan sat & 48 hpi trén cac
gidng lua thudc nhoém chdng chiu M. oryzae so voi biéu hién ctia phan tir microRNA
nay trén cc giéng lta man cam véi M. oryzae, phan tich box plot chi ra rang khong
6 su khac biét co y nghia vé biéu hién ctia osa-miR169a giita hai nhom lta nay. Piéu
nay ciing twong tu khi quan sat su biéu hién ctia osa-miR169a & 0 hpi va 24 hpi gitra
cac gidng laa chéng chiu va man cam v4i nAm gdy bénh dao 6n (Hinh 3.25). Két qua
phan tich nay ciing thé hién tinh twong dong v6i nghién ciru trude day cia Li va ctv.
(2017) khi mirc d6 tich lity biéu hién cua cac thanh vién miR169 khong co6 su khac
biét vé mat thong ké giita lta chéng chiu va lia man cam & cac thoi diém 0, 12, 24,
va 48 hpi. Do d6 viéc xac dinh su khac biét c6 ¥ nghia thong ké gia trj biéu hién 2-4¢t
ctia osa-miR169a trén cac gidng lta thudc hai nhom sé& cung cap thong tin dir liéu hitu
ich gitip sang loc va phan biét cac gidng lua chdng chiu va min cam v6i nAm M.

oryzae & 72 hpi.
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Hinh 3.25. Biéu d6 hop (box plot) cac gia tri biéu hién cta osa-miR169a trén 12
giong lta thudc hai nhém chdng chiu va min cam véi M. oryzae & cac thoi diém
sau nhiém khac nhau (0, 24, 48 va 72 hpi). D4u ** chi muc d6 khac biét c6 ¥ nghia
vé mit thong ké gilta 2 nhém laa (P < 0,01).
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Bang 3.7. Phan tich biéu dd hop (box plot) muc d6 biéu hién cta osa-miR169a giira

nhém laa chong chiu va man cam véi M. oryzae & 72 hpi.

Gid tri| Gid tri Gid tri |Gid tri

Nhém lia  |hpil SL | trung | nhé | O\ o1 (T™M8| 03 | pien phia| I6n
X z | bién goc Vi £
binh | nhat ngon nhat

Chdng chiu véi

6 |154,76| 0,47 0,47 |56,15(131,18202,93| 407,76 |407,76
M. oryzae

72

Man cam v6i M.

6 | 6,15 | 0,18 0,18 0,72 | 1,25 | 6,40 8,03 25,55
oryzae

Chu thich: SL: s6 lwong, hpi: gio sau khi ldy nhiém M. oryzae

Két qua nghién ciru cho thay osa-miR169a diéu hoa ting kha ning khang nim
M. oryzae trén laa & thoi diém 72 hpi. Két qua nay c6 su khac biét so véi nghién ciru
trude day vé dang biéu hién cua osa-miR169a, von dugc béo cao réng biéu hién giam
d6i voi tinh khang nAm M. oryzae & lta, thong qua su trc ché gen NF-YA (Li va ctv.,
2017). Trong nghién ctru trudce day, Li va ctv. (2017) tién hanh thi nghiém phan tich
tac dong cua osa-miR169a so sanh giira 01 gidng lta chéng chiu (IRBLkm-Ts) va 01
gidng lta nhiém (LTH) dé dua ra két luan osa-miR169a biéu hién giam va chi tién
hanh dén 48 hpi. Bén canh d6, thi nghiém dé két luan osa-miR169a lam giam kha
nang khang nim M. oryzae duoc tién hanh thong qua sy bat gilt osa-miR169a bang
gen dich gia (Li va ctv., 2017). C6 thé thiy riang cac két qua Li va ctv. (2017) duoc
tién hanh hau hét & mic do in vitro. Trong khi thuc té, & mirc d6 di truyén biéu sinh,
céc tac dong ctia microRNA con chiu anh hudng ctia khé nhidu yéu té khac nhu: RNA
vong, nhan t6 dich gia tir laa va tir ndm M. oryzae (Fan va ctv., 2020; Yuan va ctv.,
2018). Do vay, két qua khi tién hanh danh gia mic d6 biéu hién osa-miR169a trén
nhiéu gidng laa sé& c6 thé khac so véi thi nghiém chi tién hanh so sanh giira 01 giéng
laa chong chiu va 01 giéng laa man cam. Tém lai, biéu hién ting osa-miR169a 1am
tang kha nang khang ndim M. oryzae & thoi diém 72 hpi. Két qua vé muc do biéu hién

khac biét gitta nhom chong chiu va nhom man cdm véi nam M. oryzae cho thay osa-
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miR169a 1a mot chi thi tiém ning trong viéc tmg dung trong cong tac lai tao, phan
biét giéng lta chong chiu ndm M. oryzae bang sinh hoc phan t.

3.8. Panh gia mirc f’I(f) biéu hi¢n ciia OsNramp6 trén cac gidng lia chong
chiu va man cadm véi nam M. oryzae.

Phén tr osa-miR7695 c6 vai trd diéu hoa cdy lta chdng chiu lai nAm gdy bénh
dao 6n M. oryzae thong qua sy trc ché gen dich 13 OsNramp6, cu thé 13 bién thé phién
ma OsNramp6.8 (s-Nramp6) (Campo va ctv., 2013) va OsNramp6.1 (I-Nramp6)
(Peris-Peris va ctv., 2017). OsNramp6 1a mot thanh vién trong ho gen Nramp dugc
bao cdo rang dong vai trd trong viée van chuyén Fe va Mn, va c6 lién quan dén tinh
khang nam M. oryzae & lta (Campo va ctv., 2013; Peris-Peris va ctv., 2017).
OsNramp6 c6 8 bién thé phién ma bao gdm OsNramp6.1 dén OsNramp6.8, trong d6
OsNramp6.1 13 bién thé phién ma dai nhét (I-Nramp6) va OsNramp6.8 13 bién thé
ngan nhét (s-Nramp6). Trong nghién ctru trude ddy caa Campo va ctv. (2013) cho
rang osa-miR7695 chi e ché bién thé phién ma OsNramp6.8 (s-Nramp6) va trong
nghién ciru tiép theo ciia Peris-Peris va ctv. (2017) cho rang osa-miR7695 con tac
dong dén bién thé phién ma OsNramp6.1. Nghién ctru cho thiy osa-miR7695 tic ché
gen dich OsNramp6, tir d6 1am ting nong do sit & mang té bao (plasma membrane)
(Peris-Peris va ctv., 2017). Su tich lily cao néng do Fe dan dén 1am ting san xuat
H>0: tir d6 kich thich su biéu hién cua gen khang OsPRIa va cac gen lién quan dén
su can bfmg néng do sit ¢ laa (Liu va ctv., 2007; Peris-Peris va ctv., 2017). Néng do
st tang cao ¢ vi tri Xam nhiém cua nam M. oryzae tao thanh “chét doc” va han ché
su xAm nhiém cta nam M. oryzae & 14 lta (Peris-Peris va ctv., 2017). Nghién ctru ciu
tric cua protein OSNRAMP6 cho thiy protein OsSNRAMP6 dong vai trd van chuyén
Fe va Mn & trén mang té bio, protein OSNRAMP6 c6 cau tric 3 chiéu twong dong
(28,34%) v6i protein ScaDMT & vi khudn Staphylococcus capitis DMT, va tuong
dong vai protein AINRAMP1 va AENRAMP6 & ciy Arabidopsis (Peris-Peris va ctv.,
2017). Dot bién mat chic ning gen OsNramp6 (nramp6) cho thiy bién thé
OsNramp6.1 khong hién dién, trong khi bién thé OsNramp6.8 hién dién va c6 murc

d6 biéu hién twong duong so voi giéng lua ddi ching (Peris-Peris va ctv., 2017). Khi
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phan tich cau tric vi tri bat cip gilta osa-miR7695 va cac bién thé phién ma
OsNramp6 cho thiy chi duy nhat bién thé phién ma OsNramp6.8 c6 vi tri bat cap véi
osa-miR7695 & dau 3°UTR (Campo va ctv., 2013).

Pé danh gia muc d6 biéu hién ctia OsNramp6 trén cac gidng lta thudc hai
nhém chdng chiu va man cam véi M. oryzae, phuong phap RT-PCR va realtime PCR
duogc sir dung trén 3 gidng lua dai dién cho mdi nhom. Két qua chung bénh ban dau
cho thidy muc do biéu hién bénh giita 03 gidng laa chéng chiu thdp hon so véi 03
gidng lia man cam mot cach rd rét khi ti 1& vét bénh trén 14 thap (Hinh 3.26a). Khi
danh gi4 biéu hién twong ddi cta phan tir ndy thi két qua phan tich RT-PCR cho thay
gen OsNramp6 hién dién & tit ca cac giéng lta va rd nhat ¢ thoi diém 24 hpi (Hinh
3.26b). O ba mdc thoi gian sau lay nhiém, cic bang dién di (OsNramp6) & nhom lta
chdéng chiu md hon so voi nhém laa man cam, tham chi 1a khong c6 ¢ thoi diém 48
hpi (Hinh 3.26b). Pi¢u nay minh chiing thém cho gia thuyét rang gen OsNramp6 c6
lién quan dén tinh khang cua cac gidng laa trong nghién ctru va dugc diéu hoa giam
& cac gibng chdéng chiu véi ndm M. oryzae. Hon nita, khi danh gia biéu hién cta gen
OsNramp6 bang realtime PCR cho thiy mtrc d6 biéu hién cta gen OsNramp6 & nhém
lua chéng chiu thép hon so v&i nhém laa man cam, dic biét & thoi diém 72 hpi (Hinh
3.26¢). Gia trj biéu hién trung binh cta gen OsNramp6 & cac gibng chong chiu dao
dong tir 10-30, trong khi con s6 nay & nhom lia man cam dao dong tir: 20 - 60 & 24
hpi; 20 - 80 & 48 hpi va 100 - 240 & 72 hpi sau lay nhiém (Hinh 3.26¢). Nhu vay, so
sanh muc do biéu hién gitta osa-miR7695 va gen OsNramp6 trén 06 gidng lua dai
dién, két qua cho thy xu hudng biéu hién trai ngugc nhau (Hinh 3.26¢,d). Két qua
nay ciing twong dong v4i nghién ciru trude day cua Campo va ctv. (2013) vén cho
rang biéu hién cta gen OsNramp6 duge diéu hoa giam ¢ nhém lua chong chiu boi

osa-miR7695 tir d6 1am tang kha ning chdng chiu nAim M. oryzae & lta.
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Hinh 3.26. Biéu hién cua gen OsNramp6 & 06 giong lia tiéu biéu (03 giong lua
chong chiu, 03 giong lua man cam).

(a) Thi nghi¢m chung b¢nh ¢ nhom lia chong chiu va nhém liia man cam, (b) Két
qud RT-PCR kiém tra sw hién dién cia gen Nramp6; (c) Két qua Realtime PCR
danh gid biéu hién ciia OsNramp6 trén nhém lia chong chiu va nhém liia méan cam
voi nam M. oryzae; (d) Mirc do biéu hién ciia osa-miR7695 trén nhém lia chong
chiu va man cam véi nam M. oryzae. (¥*: P <0,01; hpi: gio sau lay nhiém)
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3.9. Phan tich mirc d9 va gia tri biéu hién ctia cic bién thé phién ma

OsNramp6 & nhém lda chong chiu va nhém lia man cdm véi nam M. oryzae.

Téng cong c6 8 bién thé phién ma OsNramp6 véi cac kich thude khac nhau da
dugc mo ta trong nghién ctru trude day (Campo va ctv., 2013). Nhu mo ta trong Hinh
3.27, OsNramp6.1 (Os01g31870.1) 14 bién thé dai nhat ma hoa protein c6 kich thuée
1a 550 axit amin trong khi d6 OsNramp6.8 (Os01g31870.8) duoc md ta 1a bién thé
ngan nhat do bi cit ¢ ving intron sé 6 ma héa ra protein c¢é kich thudc 14 210 axit
amin (Campo va ctv., 2013; Peris-Peris va ctv., 2017). Bién thé OsNramp6.4
(Os01g31870.4) duoc hinh thanh do bi cit hai ving intron 1-4 va 12 so v6i 3 bién thé
OsNramp6.567 (Os01g31870.567) cung bi cat ving intron 1-4 va 10-12. Hai bién thé
nay s& mé hoa ra protein lan lugt c6 kich thude 1a 353 axit amin va 251 axit amin.
Hai bién thé cudi cing OsNramp6.23 (Os01g31870.23) dugc hinh thanh do bi cit
vung intron 10-12 mi héa kich thuéc gidng nhau 1a 390 axit amin. Dua trén két qua
gidong chudi cac bién thé OsNramp6 va sy twong ddng vé trinh tu gitra cac bién thé,
vi tri thiét ké cac primer realtime PCR cho cac bién thé nay duoc thé hién trén Hinh
3.27 v&i tong cong 5 cap primer trong d6 ¢ 2 cip primer chung cho 2 nhém bién thé

OsNramp6.23 va OsNramp6.567.
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Hinh 3.27. Céu triic gen clia cac bién thé phién ma OsNramp6 va vi tri thiét ké
primer realtime-PCR.

Pé danh gia muc d6 biéu hién cua cac bién thé phién ma OsNramp6 & nhém
laa chéng chiu va man cam v&i ndm M. oryzae, k¥ thuat real-time PCR duoc sir dung
trén cac mau 14 lta bi nhiém M. oryzae & cac thoi diém 1ay nhiém khac nhau (24 hpi,
48 hpi, 72 hpi). Két qua cho thay trong s6 08 bién thé phién ma OsNramp6, bién thé
phién mi OsNramp6.1 va OsNramp6.4 c6 biéu hién khac biét vé mat thong ké ¢ thoi

diém 24 hpi, biéu hién giam & nhom lta chong chiu va khong thay d6i ¢ nhom lua
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man cam voi nAm M. oryzae (Phu luc 6)(Hinh 3.28). O thoi diém 48 hpi va 72 hpi,

két qua cho thay khong co su khac biét vé murc do bi€u hién cua bién thé phién ma

OsNramp6.1 va OsNramp6.4 trén nhom laa chdéng chiu va man cam voi M. oryzae

trong & Viét Nam (Phu luc 6)(Hinh 3.28). Két qua ndy c6 mot phan tuong dong véi

két qua nghién ciru trude dy cua Peris-Peris va ctv. (2017) von cho rang duy nhét

bién thé phién ma OsNramp6.8 (s-Nramp6) ting & thoi diém 24 hpi va tré vé binh

thuong & thoi diém 48 hpi va 72 hpi trén gidng lua O.sativa “Nipponbare”
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Hinh 3.28. Mtc d6 biéu hién cta cac bién thé phién ma OsNramp6 gitta nhoém laa
chbng chiu va man cam v4i ndm M. oryzae trong & Viét Nam, & cac thoi diém
nhiém ndm M.orzyae khac nhau. Mtc do ¥ nghia thong ké, P < 0,01 (**), P < 0,05
(*); hpi: gid sau nhiém.

Phén tich biéu do hop (box plot) gia tri 22t ctia bién thé phién ma OsNramp6. 1
va OsNramp6.4 (goi tit OsNramp6.1 va OsNramp6.4) trén 08 giéng laa, & cac thoi
diém 24 hpi, 48 hpi, 72 hpi. Két qua cho thiy ca 2 bién thé phién mi déu co su biéu
hién khéc nhau trén nhom laa chéng chiu va nhém lta man cam (Hinh 3.29). Dic
biét, mirc d6 biéu hién cua OsNramp6.1 va OsNramp6.4 c6 sy khac biét vé mit thong
ké & thoi diém 24 hpi, khi so sanh gitta nhom lta chéng chiu va nhém laa man cam
(Phu luc 6) (Hinh 3.29). Két qua cho thay, & thoi diém 24 hpi mtc d6 biéu hién cua
OsNramp6.1 trén nhoém lta man cam gép 6,5 1an so véi nhom lta chdng chiu; va murc
d6 biéu hién cua OsNramp6.4 trén nhém lua man cam gip 3,6 14n so voi nhom lua
chéng chiu (Bang 3.8). O thoi diém 24 hpi, gia tri 22 ctia OsNramp6.1 nam trong
khoang 2,49 — 5,4 (nhom lta chdng chiu) va 21,33 — 30,34 (nhém lta min cam).
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Trong khi 6, gia tri 22 ctia OsNramp6.4 nam trong khoang 3,53 — 12,02 (nhém lta
chdng chiu) va 21,77 — 41,96 (nhom lua min cam) (Bang 3.8). Két qua nay chi ra
rang bén canh bién thé OsNramp6.8 cho thiy su khac biét co ¥ nghia trong nghién
clru ctia Peris-Peris va ctv. (2017) thi trén cac giéng lta dang canh tic ¢ nudce ta hai
bién thé OsNramp6.1 va OsNramp6.4 cling cho thy su khac biét ¢ ¥ nghia giita hai
nhom giéng lta chéng chiu va man cam. Qua d6 cho thy, hai bién thé OsNramp6. 1
va OsNramp6.4 co thé duoc sir dung 1am cac chi thi sinh hoc trong viéc phéan biét va
chon loc cac gibng c6 tinh khang voi nAm giy bénh dao 6n ¢ giai doan sau phién ma.

18 OsNramp6.1 OsNramp6.4
60 |

o~
W

w

| Trung vi
" — Trung binh

o1 wesssssssss . Diém ngodi

| s

30
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chiu cam chéng chiu cam

Hinh 3.29. Biéu d6 hop (Box plot) thé hién mirc d6 biéu hién ctia bién thé phién ma
OsNramp6.1 va OsNramp6.4 cia 08 gidng laa trong & Viét Nam, thoi diém 24 hpi.
Mirc d6 ¥ nghia P < 0,01 (**), P < 0,05 (*).
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Bang 3.8. Gia tri 22 trong biéu dd hop (Box plot) thé hién mirc do biéu hién cia
OsNramp6.1 va OsNramp6.4 & nhém lta chéng chiu va nhém laa man cam v6i ndm

M. oryzae, thoi diém 24 hpi.

Bién thé Thoi Nhém Giatri | Giatri | Gia tri
phién ma | diém lay lia S6 miu trung phan vi | phén vi
OsNramp6 maiu binh 1 3
Nhom
lua
24 hpi . 4
p1 chéng 4,43 2,49 5.4
OsNramp6.1 chiu
Nhom
24hpi | laaman 4 2022 | 21,33 | 3034
cam
Nhom
lua
24 hpi . 4
p1 chéng 8,79 3,53 12,02
chiu
OsNramp6.4
Nhom
24hpi | loa man 4 30,63 21,77 41,96
cam

Pé xé4c dinh muc do dic hiéu va do nhay dac trung cho kha nang phan biét
duong tinh that va am tinh that ciia hai bién thé OsNramp6.1 va OsNramp6.4 trong
viéc phan biét nhom lia chong chiu va nhém lda man cam, phuong phap phan tich
mo hinh dudng cong ROC dugc tién hanh bang phan mém Graphpad Prism 8.3.4 dira
trén gia tri 22, Két qua cho thay, mo hinh xay dung dua trén bién thé OsNramp6. 1
va OsNramp6.4 thé hién mirc d6 hiéu qua rit cao vai dién tich bén dudi dudng cong
AUC lan luot 1a 1 va 0,937 véi mirc y nghia théng ké dat hon 95% (Hinh 3.30, Bing
3.9). Diéu nay cho thiy d6 nhay va d6 dic hiéu cao cua hai bién thé OsNramp6.1 va

OsNramp6.4 trong viéc phan biét nhom lta chdng chiu va nhém lta man cam, hira
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hen s€ 1a cac chi thi phan tir tiém nang cho vi¢c phat trién cac quy trinh, cong cu va
giai phap phuc vu cho viéc phan bi¢t nhém lua chong chiu va nhém lta méan cdm véi

nam M. oryzae & Vi¢t Nam.
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Hinh 3.30. Buong cong ROC cua OsNramp6.1 va OsNramp6.4. Dién tich dudi
duong cong (AUC) cua OsNramp6.1 va OsNramp6.4 tuong tmg 1a 1 va 0,937 (P <
0,05).

Bang 3.9. Két qua phan tich théng ké duong cong ROC ciia OsNramp6.1 va
OsNramp6.4

OsNramp6. 1 OsNramp6.4
Dién tich dwéi dwong cong (AUC) 1 0,937
P léch chuan (Std. Error) 0 0,08376
Do tin ciy 95% 1,00 dén 1,00 0,764 dén 1.00
Gia tri P 0,02 0,04
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Céc nghién ctru trude diy & mirc do in vitro cho thiy osa-miR7695 ¢6 lién
quan dén gen OsNramp6 dic biét 14 bién thé phién ma OsNramp6.1 va OsNramp6.8
(Campo va ctv., 2013; Peris-Peris va ctv., 2017) trong cic giéng laa thudc nhém
Japonica. Mtc @6 tich liy cta bién thé OsNramp6.1 ciing duoc xac dinh 1a cao hon
rat nhiéu 1an so v6i OsNramp6.8 & trang thai binh thudng bén trong té bao va cao hon
khi so voi cac gidng lua thudc nhom indica. Tuy nhién phan tich vi tri bit cip trén
gen cho thdy osa-miR7695 chi bat cip duy nhat ¢ ddu 3’UTR cia bién thé
OsNramp6.8 (Campo va ctv., 2013). Phan tich dot bién chitc nang OsNramp6 cho
thdy bién thé OsNramp6.1 c6 lién quan dén kha nang khang ndm M. oryzae trén laa
(Peris-Peris va ctv., 2017). Do d6 c6 thé thdy, OsNramp6.1 14 bién thé dong vai tro
quan trong lién quan dén tinh khéang bénh dao 6n trong s6 cac bién thé cia OsNramp6,
tuy nhién bién thé nay lai khong bi diéu hoa bdi osa-miR7695. Hon thé, trong nghién
ctru nay, két qua phan tich gia tri biéu hién ctia OsNramp6 trén cac nhom lua chong
chiu va nhém Ita man cam tai Viét Nam vdn phén 16n 1a thudc nhom indica lai cho
thay bén canh bién thé phién ma OsNramp6.1 con c6 thém bién thé OsNramp6.4 lién
quan dén tinh khang ndm M. oryzae trén lia, song bién thé OsNramp6.8 lai khong
cho thay su khac biét. Két qua ciia nghién ctru nay da bo sung thém vé biéu hién cia
bién thé OsNramp6.4 d6i voi kha nang diéu hoa tinh khang bénh dao 6n cia cay lua
va cling cho thay murc d6 tich lily ctia cac bién thé trén cac loai phu ctia Oryza sativa
c6 thé 1a khac nhau. Do vay, gia thuyét dit ra 1a cac bién thé phién ma OsNramp6 dic
biét 14 OsNramp6.1 c6 thé con bi tac dong khong chi boi osa-miR7695 ma con ¢ thé
do cic microRNAs khac. Do vdy, can c6 nghién ctru tiép theo dé nhan dién cac
microRNAs tiém ning trong viéc diéu hoa cac bién thé phién ma OsNramp6 & laa.

3.10. Nhin dién ciac microRNAs tiém ning trong viéc diéu hoa OsNramp6.1
va OsNramp6.4 ¢ laa.

O lua, c6 8 bién thé phién ma cho gen OsNramp6 tham gia vao diéu hoa cac
con dudng tin hiéu lién quan dén ting truéng va kha ning phong thu trude tac nhan
gy bénh. Trong d6, bién thé phién ma OsNramp6.1, OsNramp6.8 di duoc cong bd

1a duoc diéu hoa bai phan tir osa-miR7695 (Campo va ctv., 2013; Peris-Peris va ctv.,
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2017). Tuy nhién, mirc d6 biéu hién cta cac bién thé phién mi khac van chwa dugc
nghién ctru rd rang trén nhém laa chéng chiu va nhém lta man cam. Didu d6 cho thay
6 thé con c6 mot sd nhéan td khac diéu hoa sy biéu hién cta cac bién thé phién ma
OsNramp6 & cac thoi diém khac nhau sau khi nhidm M. oryzae trén lta. Hon nita, vé
mat phan tir thi mot doan mRNA muc ti€u khi tham gia vao nhiing con dudng tin hi¢u
thuc hién mdt chirc nang khéac nhau co thé s& bi diéu hoa boi nhiéu miRNA khac nhau
khién khuynh hudng biéu hién s& phu thudc vao tin hidu méi trudng ndi bao. Do vy,
bén canh osa-miR7695 s& co thé con c6 nhitng miRNA khac tham gia diéu hoa sy
biéu hién cta cic bién thé phién ma khic ctia OsNramp6 bén canh OsNramp6.1,
OsNramp6.8 can duoc xac dinh. Phuong phap phén tich cdc microRNAs tiém nang
bang phan mém psRNATarget V2 dugc st dung theo mé ta trude day (Dai va ctv.,
2018) bang cach sir dung thuat toan phan tich chudi trinh tu va kha ning tuong tac
bat cip cia cac miRNA véi cac phan tr myc tiéu tiém niang qua do6 co thé xac dinh
dugc cac miRNA khac c6 kha ning didu hoa cac bién thé khac ctia OsNramp6. Két
qua cho thay c6 6 microRNAs tiém nang (osa-miR5816, osa-miR159a, osa-miR1847,
osa-miR444a-5p, osa-miR1852, osa-miR535-3p) duoc tim thiy co lién quan dén sy
diéu hoa cic bién thé phién mi OsNramp6 (OsNramp6.1, OsNramp6.4 va
OsNramp6.8) (Bang 3.10) (Hinh 3.31). Trong d6, 2 microRNAs (osa-miR1847 va
osa-miR159a) c6 thé tham gia diéu hoa sy biéu hién ca 3 bién thé phién ma, con 4
microRNAs con lai (osa-miR5816, miR444a-5p, osa-miR1852, osa-miR535-3p) co
thé chi diéu hoa su biéu hién dugc 2/3 bién thé phién mia OsNramp6 (Hinh 3.31)
(Bang 3.10). Két qua ciing cho thdy ngoai osa-miR7695 ¢ thé diéu hoa OsNramp6.8,
con c6 cac microRNAs (osa-miR5816, osa-miR159a, osa-miR1847, osa-miR1852,
osa-miR535-3p) co thé tham gia vao viéc diéu hoa mirc d6 biéu hién cia bién thé
OsNramp6.8. Cac két qua ndy cho thiy sé luong miRNA c6 thé tac dong dén biéu
hién cia OsNramp6 13 khong nho, mdi bién thé khac nhau lai c6 thé bi cat boi cac
miRNA khac nhau va cac miRNA nay ciing c6 thé diéu hoa khong chi mot bién thé.
Do vy, tinh 6n dinh trong khuynh huéng biéu hién cta cac bién thé nay 1a mot diéu

quan trong can dugc danh gia trén mot phd rong mot cach tong quan.
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Hinh 3.31. So d vi tri bét cip ctua 06 microRNA tiém ning trén 03 bién thé phién

ma OsNramp6.1, OsNramp6.4 va OsNramp6.8
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Bang 3.10. Cac miRNAs tiém ning trong viéc diéu hoa bién thé phién ma

OsNramp6.1, OsNramp6.4 va OsNramp6.8

Bién thé miRNA Kiéu tac Mire ky
. dong vong . .
tiém nang Trinh tu bat cap
(trinh ty miRNA nam trén)
OsNramp6.1 osa- Cat 4.0 24
, CACCGCGAGGAUGUUUGUGAGGAU 1
miR5816
310
UAUUCGUUGCUAUGGGUACUCCUA
333
0Sa- Cait 4.5 21 ACGUCGAGGACCCCGUACGUU 1
miR159a S
558 CCUAGCAUGUGGGGCAUGCAC
578
osa- Cat 4.5 24
_ CAACACCGUGAUUGUACACCCGGU 1
miR1847
550
GCCGGUGUCCUAGCAUGUGGGGCA
573
P Cait 4.5 21 AUACGUCAACGGUGGAGAUCG 1
miR444a-5p | | | mummiou
757 GAUGCGGUUGCUAUGUUUGGU
777
0Sa- Cat 50 21 UGGACGUAAGACUUAGGUAUA 1
miR1852 | | | uiimaam
326 UACUCCUAUUUGGGUUCAUAU
346
osa-miR535- Cait 50 21 UCACUGUUGCCCUCUUUCGUG 1
3p Do

13 GCGAAGAUCGGGAGGGAGCAC 33
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OsNramp6.4 osa- Cit 45 21 ACGUCGAGGACCCCGUACGUU 1
nﬁR159a S
141 CCUAGCAUGUGGGGCAUGCAC
161
osa- Cat 4.5 24
' CAACACCGUGAUUGUACACCCGGU 1
miR1847
133
GCCGGUGUCCUAGCAUGUGGGGCA
156
osa- Cit 45 21 AUACGUCAACGGUGGAGAUCG 1
miR444a-5p | | | mmammoou
340 GAUGCGGUUGCUAUGUUUGGU
360
OsNramp6.8 osa- Cat 4.0 24
_ CACCGCGAGGAUGUUUGUGAGGAU 1
miR5816
310
UAUUCGUUGCUAUGGGUACUCCUA
333
0Sa- Cit 45 21 ACGUCGAGGACCCCGUACGUU 1
miR159a o 558
CCUAGCAUGUGGGGCAUGCAC 578
osa- Cat 4.5 24
_ CAACACCGUGAUUGUACACCCGGU 1
miR1847

550
GCCGGUGUCCUAGCAUGUGGGGCA
573
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osa- Cd t 5.0 21 UGGACGUAAGACUUAGGUAUA 1
miR1852 L

326 UACUCCUAUUUGGGUUCAUAU
346

osa-miR535- Cdt 5.0 21 UCACUGUUGCCCUCUUUCGUG 1

3p L 13
GCGAAGAUCGGGAGGGAGCAC 33

Trong s 6 microRNAs tiém ning ké trén, ngoai trir osa-miR5816 va osa-
miR1852 chua dugc mo ta chirc nang, con lai 4 microRNAs (osa-miR159a, osa-
miR444b, osa-miR535, osa-miR1847) da dugc mo ta chic nang (Chen va ctv., 2021;
Liva ctv., 2014; Li va ctv., 2019b; Xiao va ctv., 2017). Trong d6, osa-miR15%a diéu
hoa ting kha ning khang nam M. oryzae, gen dich tic dong 1a OsGAMYB,
OsGAMYBL, va OsZF (Chen va ctv., 2021); osa-miR444b diéu hoa giam kha ning
khang nim M. oryzae bang cach tan cong vao gen dich MADS27b va MADSS57 (Xiao
va ctv., 2017). Cac microRNAs osa-miR535 va osa-miR1847 tac dong dén chiéu cao
cay lua, cau truc hoa lta, d6 dai hat va sy cam lang gen (Baldrich va ctv., 2015; Sun
va ctv., 2019), tuy nhién van chwa c6 nghién ctu dbi véi (osa-miR535 va osa-
miR1847) trong viéc tham gia vao hé mién dich chéng lai sy xdm nhiém nim M.
oryzae & lua.

Tom lai, két qua nghién ciru ctia chiing t6i cung cp cac dir liéu vé gid tri biéu
hién va ty 1¢ ting ctia bién thé phién ma OsNramp6.1 va OsNramp6.4, khi so sanh
giita nhom laa chdng chiu va nhom lta man cam véi nAm M. oryzae trong & Viét
Nam. Do vay, cac bién thé phién ma OsNramp6.1 va OsNramp6.4 c6 thé dugc coi la
cac chi thi phan tir tiém ning cho cong tac lai tao gidng & Viét Nam. Day ciing 13 bao
céo dau tién trong viéc mo ta mirc do biéu hién cua cac bién thé phién ma OsNramp6
trén nhom laa chéng chiu va man cam véi nAm M. oryzae. Ty 18 bién dbi cao cia
(OsNramp6.1 va OsNramp6.4) gitra nhom laa chéng chiu va man cam voi ndm M.

oryzae s€ 1a mot cong cu tri€n vong trong viéc phan loai, danh gid nhém lua chong
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chiu va nhom lta mén cam véi ndm M. oryzae & Vi¢t Nam dua trén biéu hién. Bén
canh do, nghién ctru cling chi ra thém dugc cac microRNAs tiem nang lién quan dén
mirc d6 biéu hién cta cac bién thé phién ma OsNramp6 ndy, song mbi twong tac thuc
té gifta cac phan tir ndy van can duoc lam sang t6 bang cac nghién ctru thuc nghiém

trong tuong lai.
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Chuwong 4. KET LUAN VA PE NGHI

4.1. Két luan

- Phan tit osa-miR7695 1a mot microRNA chi ¢ & trén lGa, ¢ vai tro diéu hoa
tang kha nang khang nam gdy bénh dao on M. oryzae thong qua su e ché gen dich

OsNrampé.
- Phan tir osa-miR7695 hién dién trén ca giéng l4a japonica va indica.

- Mitc d6 biéu hién cua osa-miR7695 ¢ su khac biét gitra nhom laa chéng

chiu va man cam véi ndm M. oryzae & cac thoi diém 24 hpi, 48 hpi, 72 hpi.

- Mirc d6 biéu hién cta osa-miR169a va osa-miR160a trén nhém laa chong

chiu cao gap 25 1an va 2,6 1an so v6i nhém lia man cam & thoi diém 72 hpi va 24hpi.

- Phén tir OsNramp6.1 va OsNramp6.4 cb6 mic d6 biéu hién ting cao & thoi

diém 24 hpi khi so sanh gitta nhém laa chong chiu va nhém laa man cam.

- Phan tich in silico xac dinh dugc 6 microRNAs c6 thé lién quan dén viéc diéu
hoa cac bién thé phién ma OsNramp6. Trong d6, c6 2 microRNAs di duoc mo ta
chtic nang trong viéc diéu hoa lua chdng lai nAm M. oryzae 1 osa-miR159a va osa-

miR444b.

- Phan t& osa-miR7695, osa-miR169a, osa-miR160a, OsNramp6.l, va
OsNramp6.4 13 cac chi thi phan tir tiém ning cho viéc xac dinh cac gidng lua co kha
nang khang véi ndm gy bénh dao 6n, gép phan hd tro cho cong tac, chuong trinh lai
tao giéng lua tai Viét Nam.

4.2. Pé nghi

Panh gia mic do biéu hién ctia 06 phan tir miRNAs lién quan dén diéu hoa 02

bién thé phién ma OsNramp6.1 va OsNramp6.4 trén céc gidng la trong tai Viét Nam

cling nhu cac gen dich khac ma chung kiém soat.



103

DANH MUC CAC CONG TRINH NGHIEN CUU CO LIEN QUAN PA
CONG BO

1. Phi N.B., Phuong N.D.N., Dat V.H.X., Chau N.N.B., va Quoc N.B., 2021.
Expression profiles of OsNramp6 transcript variants involving in
Magnaporthe oryzae resistance and non-resistance of Vietnamese rice
cultivars. European Journal of Plant Pathology, 1-10.
https://doi.org/10.1007/s10658-021-02375-9.

2. Quoc N.B, Phuong N.D.N., Trang H.T.T., Phi N.B., va Chau N.N.B., 2019.
Expression of osa-miR7695 against the blast fungus Magnaporthe oryzae in
Vietnamese rice cultivars. European Journal of Plant Pathology, 155(1):
307-317. https://doi.org/10.1007/s10658-019-01772-5.

3. Nguyén Bang Phi, Nguyén Poan Nguyén Phugng, Nguyén Ngoc Bao Chau,
Nguyén Bao Qudc, 2021. Panh gia biéu hién ctia phan tir microRNA osa-
miR169a trén cic giéng lta chdng chiu va man cam voi nim giy bénh dao
on, Magnaporthe oryzae. Trong Hoi nghi Céng nghé Sinh hoc toan quéc
2021, 24/10/2021, Pai hoc Thai Nguyén, trang 915-920, ISBN:
9786049987885.



104

TAI LIEU THAM KHAO

1. Agbowuro G.O., Afolabi M.S., Olamiriki E.F., and Awoyemi S.O., 2020. Rice
blast disease (Magnaporthe oryzae): A menace to rice production and humanity.

International Journal of Pathogen Research, 4(3): 32-39.

2. Arumuganathan K., and Earle E.D., 1991. Nuclear DNA content of some important
plant species. Plant Molecular Biology Reporter, 9(3): 208-218.

3. Ashkani S., Rafii M.Y., Shabanimofrad M., Ghasemzadeh A., Ravanfar S.A., and
Latif M.A., 2016. Molecular progress on the mapping and cloning of functional
genes for blast disease in rice (Oryza sativa L.): Current status and future

considerations. Critical Reviews in Biotechnology, 36(2): 353-367.

4. Baldrich P., Campo S., Wu M.T., Liu T.T., Hsing Y.I.C., and Segundo B.S., 2015.
MicroRNA-mediated regulation of gene expression in the response of rice plants

to fungal elicitors. RNA Biology, 12(8): 847-863.

5. Baldrich P., and San Segundo B., 2016. MicroRNAs in rice innate immunity. Rice,
9(1): 6.

6. Baulcombe D., 2004. RNA silencing in plants. Nature, 431(7006): 356-363.

7. Belouchi A., Kwan T., and Gros P., 1997. Cloning and characterization of the
OsNramp family from Oryza sativa, a new family of membrane proteins possibly
implicated in the transport of metal ions. Plant Molecular Biology, 33(6): 1085—
1092.

8. Brodersen P., Sakvarelidze-Achard L., Bruun-Rasmussen M., Dunoyer P.,
Yamamoto Y.Y., Sieburth L., and Voinnet O., 2008. Widespread translational
inhibition by plant miRNAs and siRNAs. Science, 320(5880): 1185-1190.

9. Cailliatte R., Lapeyre B., Briat J.F., Mari S., and Curie C., 2009. The NRAMP6
metal transporter contributes to cadmium toxicity. Biochemical Journal, 422(2):

217-228.



10.

11.

12.

13.

14.

15.

16.

17.

105

Campo S., Peris-Peris C., Siré C., Moreno A.B., Donaire L., Zytnicki M.,
Notredame C., Llave C., and San Segundo B, 2013. Identification of a novel
microRNA (miRNA) from rice that targets an alternatively spliced transcript of
the Nramp6 (Natural resistance-associated macrophage protein 6) gene involved

in pathogen resistance. New Phytologist, 199(1): 212-227.

Campo S., Sanchez-Sanuy F., Camargo-Ramirez R., Gémez-Ariza J., Baldrich
P., Campos-Soriano L., Soto-Suarez M., and San Segundo B., 2021. A novel
transposable element-derived microRNA participates in plant immunity to rice

blast disease. Plant Biotechnology Journal, 19(9): 1798-1811.

Campos-Soriano L., Bundé M., Bach-Pages M., Chiang S., Chiou T., and San
Segundo B., 2020. Phosphate excess increases susceptibility to pathogen
infection in rice. Molecular Plant Pathology, 21(4): 555-570.

Chandran V., Wang H., Gao F., Cao X.L., Chen Y.P., Li G.B., Zhu Y., Yang,
X.M., Zhang, L.L., and Zhao, Z.X., 2019. miR396-OsGRFs module balances

growth and rice blast disease-resistance. Frontiers in Plant Science, 9: 1999.

Chen J.F., Zhao Z.X.,Li Y., Li T.T., Zhu Y., Yang X.M., Zhou S.X., Wang H.,
Zhao J.Q., and Pu M., 2021. Fine-tuning roles of osa-miR159a in rice immunity

against Magnaporthe oryzae and development. Rice, 14(1): 1-11.

Chen S.,Cao Y., Li T., Wu X., Li K., and Wang H., 2014. The development of a
SCAR marker for Chinese Race 21C3CTH of Puccinia graminis f. sp. tritici.
Journal of Triticeae Crops, 6: 3.

Cheng W., Song X., Li H., Cao L., Sun K., Qiu X., Xu Y., Yang P., Huang T.,
and Zhang J., 2015. Host-induced gene silencing of an essential chitin synthase
gene confers durable resistance to Fusarium head blight and seedling blight in

wheat. Plant biotechnology journal, 13(9): 1335-1345.

ChiuT., Lee Y., Huang S., and Yu H., 2002. Polymorphic microsatellite markers

for stock identification in Japanese anchovy (Engraulis japonica). Molecular



106

Ecology Notes, 2(1): 49-50.

18. Clergeot P.H., Gourgues M., Cots J., Laurans F., Latorse M.P., Pépin R., Tharreau
D., Notteghem J.L., and Lebrun M.H., 2001. PLSI, a gene encoding a
tetraspanin-like protein, is required for penetration of rice leaf by the fungal

pathogen Magnaporthe grisea. PNAS, 98(12): 6963—6968.

19. Couch B.C., and Kohn L.M., 2002. A multilocus gene genealogy concordant with
host preference indicates segregation of a new species, Magnaporthe oryzae,
from M. grisea. Mycologia, 94(4): 683—693.

20. Curie C., Alonso J.M., Jean M.L.E., Ecker J.R., and Briat J.F., 2000. Involvement
of NRAMPI from Arabidopsis thaliana in iron transport. Biochemical Journal,

347(3): 749-755.

21. Dagdas Y.F., Yoshino K., Dagdas G., Ryder L.S., Bielska E., Steinberg G., and
Talbot N.J., 2012. Septin-mediated plant cell invasion by the rice blast fungus,
Magnaporthe oryzae. Science, 336(6088): 1590—-1595.

22. Dai X., Zhuang Z., and Zhao P.X., 2018. psRNATarget: a plant small RNA target
analysis server (2017 release). Nucleic Acids Research, 46(W1): W49-W54.

23. De la Concepcion J.C., Maidment J.H.R., Longya A., Xiao G., Franceschetti M.,
and Banfield M.J., 2021. The allelic rice immune receptor Pikh confers extended

resistance to strains of the blast fungus through a single polymorphism in the

effector binding interface. PLoS Pathogens, 17(3): e1009368.

24. Dean R.A., Talbot N.J., Ebbole D.J., Farman M.L., Mitchell T.K., Orbach M.J.,
Thon M., Kulkarni R., Xu, J.R., and Pan H., 2005. The genome sequence of the
rice blast fungus Magnaporthe grisea. Nature, 434(7036): 980-986.

25. Deng Y, Wang J., Tung J., Liu D., Zhou Y., He S., Du Y., Baker B., and Li F.,
2018. A role for small RNA in regulating innate immunity during plant growth.
PLoS Pathogens, 14(1): e1006756.

26. Ding Y., Gong S., Wang Y., Wang F., Bao H., Sun J., Cai C., Yi K., Chen Z., and



27.

28.

29.

30.

31.

32.

33.

34.

35.

107

Zhu C., 2018. MicroRNA 166 modulates cadmium tolerance and accumulation in

rice. Plant Physiology, 177(4): 1691-1703.

Ding Y., Ye Y., Jiang Z., Wang Y., and Zhu C., 2016. MicroRNA390 is involved
in cadmium tolerance and accumulation in rice. Frontiers in Plant Science, 7:

235.

Dong H., Lei J., Ding L., Wen Y., Ju H., and Zhang X., 2013. MicroRNA:
function, detection, and bioanalysis. Chemical Reviews, 113(8): 6207-6233.

Dong S., Zhang J., Sun D., Liu H., Yang Q., Wang H., Chen Z., and Wang J.,
2018. Identification of Magnaporthe oryzae-elicited rice novel miRNAs and
their targets by miRNA and degradome sequencing. European Journal of Plant
Pathology, 151(3): 629-647.

DuP., Wul., Zhang J., Zhao S., Zheng H., Gao G., Wei L., and Li Y., 2011. Viral
infection induces expression of novel phased microRNAs from conserved

cellular microRNA precursors. PLoS Pathogens, 7(8): e1002176.

Duan P., Ni S., Wang J., Zhang B., Xu R., Wang Y., Chen H., Zhu X.,and Li Y.,
2015. Regulation of OsGRF4 by OsmiR396 controls grain size and yield in rice.
Nature Plants, 2(1): 1-5.

Fan J., Quan W., Li G.B., Hu X.H., Wang Q., Wang H., Li X.P., Luo X., Feng
Q., and Hu Z.J., 2020. circRNAs are involved in the rice-Magnaporthe oryzae
interaction. Plant Physiology, 182(1): 272-286.

Fang Y., Xie K., and Xiong L., 2014. Conserved miR164-targeted NAC genes
negatively regulate drought resistance in rice. Journal of Experimental Botany,

65(8): 2119-2135.

Fang Y., Zheng Y., Lu W., Li J., Duan Y., Zhang S., and Wang Y., 2021. Roles
of miR319-regulated TCPs in plant development and response to abiotic stress.

The Crop Journal, 9(1): 17-28.

Fawcett T., 2006. An introduction to ROC analysis. Pattern Recognition Letters,



108

27(8): 861-874.

36. Feng Q., L1 Y., Zhao Z.X., and Wang W.M., 2021. Contribution of small RNA
pathway to interactions of rice with pathogens and insect pests. Rice, 14(1): 1—

15.

37. Feng Q., Wang H., Yang X., Hu Z., Zhou X., Xiang L., Xiong X., He X., Zhu Y.,
and Li G., 2022. Osa-miR160a confers broad-spectrum resistance to fungal and

bacterial pathogens in rice. New Phytologist. https://doi.org/10.1111/nph.18491.

38. Fernandez J., and Orth K., 2018. Rise of a cereal killer: the biology of
Magnaporthe oryzae biotrophic growth. Trends in Microbiology, 26(7): 582—
597.

39. Filippi M.C.C., Da Silva G.B., Silva-Lobo V.L., Cortes M.V.C.B., Moraes A.J.G.,
and Prabhu A.S., 2011. Leaf blast (Magnaporthe oryzae) suppression and
growth promotion by rhizobacteria on aerobic rice in Brazil. Biological Control,
58(2): 160-166.

40. Fu H.J., Zhu J., Yang M., Zhang Z.Y., Tie Y., Jiang H., Sun Z.X., and Zheng

X.F., 2006. A novel method to monitor the expression of microRNAs. Mol
Biotechnol, 32(3): 197-204.

41. Fu J.,, Liu H.,, Li Y., Yu H., Li X., Xiao J., and Wang S., 2011. Manipulating
broad-spectrum disease resistance by suppressing pathogen-induced auxin

accumulation in rice. Plant Physiology, 155(1): 589—-602.

42. Fukudome A., and Fukuhara T., 2017. Plant dicer-like proteins: double-stranded
RNA-cleaving enzymes for small RNA biogenesis. Journal of Plant Research,

130(1): 33-44.

43. Gao F., Wang K., Liu Y., Chen Y., Chen P., Shi Z., Luo J., Jiang D., Fan F., and
Zhu Y., 2015. Blocking miR396 increases rice yield by shaping inflorescence
architecture. Nature Plants, 2(1): 1-9.

44. Goff S.A., Ricke D., Lan T.H., Presting G., Wang R., Dunn M., Glazebrook J.,



45.

46.

47.

48.

49.

50.

51.

52.

53.

109

Sessions A., Oeller P., and Varma H., 2002. A draft sequence of the rice genome
(Oryza sativa L. ssp. japonica). Science, 296(5565): 92—-100.

Griffiths-Jones S., Saini H.K., van Dongen S., and Enright A.J., 2008. miRBase:
tools for microRNA genomics. Nucleic acids research, 36(suppl 1): D154—
D158.

Gross J., Stein R.J., Fett-Neto A.G., and Fett J.P., 2003. Iron homeostasis related
genes in rice. Genetics and Molecular Biology, 26(4): 477-497.

Gu S., and Kay M.A., 2010. How do miRNAs mediate translational repression?
Silence, 1(1): 1-5.

Guo M., ChenY.,Du Y., Dong Y., Guo W., Zhai S., Zhang H., Dong S., Zhang
Z., and Wang Y., 2011. The bZIP transcription factor MoAPI mediates the

oxidative stress response and is critical for pathogenicity of the rice blast fungus

Magnaporthe oryzae. PLoS pathogens, 7(2): e1001302.

Guo X.,L1Y., FanJ., Xiong H., Xu F., ShiJ., Shi Y., and Wang W., 2019. Host-
induced gene silencing of MoAPI confers increased resistance to Magnaporthe

oryzae. Frontiers in plant science, 10: 433.

Han S.W., and Jung H.W., 2013. Molecular sensors for plant immunity; pattern
recognition receptors and race-specific resistance proteins. Journal of Plant

Biology, 56(6): 357-366.

Harmon P.F., Dunkle L.D., and Latin R., 2003. A rapid PCR-based method for
the detection of Magnaporthe oryzae from infected perennial ryegrass. Plant

disease, 87(9): 1072-1076.

Hamer J.E., Howard R.J., Chumley F.G., & Valent B. (1988). A mechanism for
surface attachment in spores of a plant pathogenic fungus. Science, 239(4837):
288-290.

Poan Thi Hoa, V5 Thi Ngoc Linh, Truong Thanh Nhap, Nguyén Bang Phi,
Nguyén Ngoc Bao Chau va Nguyén Bao Quéc., 2016. Ung dung phuong phap



110

PCR trong viéc x4c dinh nAim gy bénh dao 6n trén lua, Magnaporthe oryzae.

Tap chi Khoa hoc Dai hoc Mo Thanh phé Ho6 Chi Minh, 11(1): 12-18.

54. Hori K., Yamamoto T., and Yano M., 2017. Genetic dissection of agronomically
important traits in closely related temperate japonica rice cultivars. Breeding

Science, 67(5): 427-434.

55. Huang J., Li Z., and Zhao D., 2016. Deregulation of the OsmiR160 target gene
OsARF'18 causes growth and developmental defects with an alteration of auxin

signaling in rice. Scientific Reports, 6(1): 1-14.

56. Ishimaru Y., Takahashi R., Bashir K., Shimo H., Senoura T., Sugimoto K., Ono
K., Yano M., Ishikawa S., and Arao T., 2012. Characterizing the role of rice
NRAMPS in manganese, iron and cadmium transport. Scientific Reports, 2(1):
1-8.

57. Iwamoto M., and Tagiri A., 2016. Micro RNA-targeted transcription factor gene
RDD1 promotes nutrient ion uptake and accumulation in rice. The Plant Journal,

85(4): 466-477.

58.Jeong J.S.,Kim Y.S., Baek K.H., Jung H., Ha S.H., Do Choi Y., Kim M., Reuzeau
C., and Kim J.K., 2010. Root-specific expression of OsNACI0 improves
drought tolerance and grain yield in rice under field drought conditions. Plant
Physiology, 153(1): 185-197.

59. Junhua L., Xuemei Y., Jinfeng C., Tingting L., Zijin H., Ying X., Jinlu L., Jiqun
Z., Mei P., and Hui F., 2021. Osa-miR439 negatively regulates rice immunity

against Magnaporthe oryzae. Rice Science, 28(2): 156—165.

60. Kaneda T., Taga Y., Takai R., Iwano M., Matsui H., Takayama S., Isogai A., and
Che F., 2009. The transcription factor OsNAC4 is a key positive regulator of
plant hypersensitive cell death. The EMBO Journal, 28(7): 926-936.

61. Kapoor M., Arora R., Lama T., Nijhawan A., Khurana J.P., Tyagi A.K., and

Kapoor S., 2008. Genomewide identification, organization and phylogenetic



62.

63.

64.

65.

66.

67.

68.

69.

70.

111

analysis of dicer-like, Argonaute and RNA-dependent RNA polymerase gene
families and their expression analysis during reproductive development and

stress in rice expression analysis during reproduct. BMC Genomics, 9: 451.

Kachroo P., Leong S.A., & Chattoo B.B. (1994). Pot2, an inverted repeat
transposon from the rice blast fungus Magnaporthe grisea. Molecular and

General Genetics MGG, 245(3), 339-348.Genomics, 9(1): 1-17.

Katiyar-Agarwal S., and Jin H., 2007. Discovery of pathogen-regulated small
RNAs in plants. Methods in Enzymology, 427(07): 215-227.

Khraiwesh B., Zhu J.K., and Zhu J., 2012. Role of miRNAs and siRNAs in biotic
and abiotic stress responses of plants. Biochimica et Biophysica Acta, 1819(2):

137-148.

Kim B., 2018. Classifying Asian rice cultivars (Oryza sativa L.) into indica and
Jjaponica using logistic regression model with publicly available phenotypic data.

BioRxiv, 470351.

Komal T., Mustafa M., Ali Z., and Kazi A.G., 2015. Heavy metal uptake and
transport in plants. In Heavy metal contamination of soils. Springer,

Berlin/Heidelberg, Germany, pp.181-194.

Lamari L., 2008. Assess 2.0 [recurso electronico]: image analysis software for

plant disease quantification. APS Press, 632(3): L215a.

Lanquar V., Ramos M.S., Leli¢vre F., Barbier-Brygoo H., Krieger-Liszkay A.,
Kramer U., and Thomine S., 2010. Export of vacuolar manganese by AtNRAMP3
and AtNRAMP4 is required for optimal photosynthesis and growth under
manganese deficiency. Plant Physiology, 152(4): 1986—1999.

Lee S., Jia Y., Jia M., Gealy D.R., Olsen K.M., and Caicedo A.L., 2011.
Molecular evolution of the rice blast resistance gene Pi-fa in invasive weedy rice

in the USA. PLos One, 6(10): €26260.

Lee T.J., Yuan X., Kerr K., Yoo J.Y., Kim D.H., Kaur B., and Eltzschig H.K.,



71.

72.

73.

74.

75.

76.

77.

78.

112

2020. Strategies to modulate microRNA functions for the treatment of cancer or

organ injury. Pharmacological reviews, 72(3): 639—667.

Li H., Hu B., Wang W., Zhang Z., Liang Y., Gao X., Li P., Liu Y., Zhang L., and
Chu C., 2016c. Identification of microRNAs in rice root in response to nitrate

and ammonium. Journal of Genetics and Genomics, 43(11): 651-661.

Li S.B., Xie Z.Z., Hu C.G., and Zhang J.Z., 2016a. A review of auxin response
factors (ARFSs) in plants. Frontiers in Plant Science, 7: 47.

Li X.P.,, Ma X.C., Wang H., Zhu Y., Liu X.X., Li T.T., Zheng Y.P., Zhao J.Q.,
Zhang J.W., and Huang Y.Y., 2020. Osa-miR162a fine-tunes rice resistance to
Magnaporthe oryzae and yield. Rice, 13(1): 1-13.

Li X, Xie X., LiJ.,Cui Y., Hou Y., Zhai L., Wang X., Fu Y., Liu R., & Bian S.
(2017). Conservation and diversification of the miR166 family in soybean and

potential roles of newly identified miR166s. BMC Plant Biology, 17(1): 1-18.

LiY, Cao X., Zhu Y., Yang X., Zhang K., Xiao Z., Wang H., Zhao J., Zhang L.,
and Li G., 2019a. Osa-miR398b boosts H202 production and rice blast disease-
resistance via multiple superoxide dismutases. New Phytologist, 222(3): 1507—
1522.

Li1Y, Jeyakumar J.M.J., Feng Q., Zhao Z.X., Fan J., Khaskheli M.1., and Wang
W.M., 2019b. The roles of rice microRNAs in rice-Magnaporthe oryzae
interaction. Phytopathology Research, 1(1): 33.

LiY.,LuY.G,ShiY., WulL., XuY.lJ., Huang F., Guo X.Y., Zhang Y., Fan J.,
Zhao J.Q., Zhang H.Y., Xu P.Z., Zhou J.M., Wu X.J., Wang P.R., and Wang
W.M., 2014. Multiple rice microRNAs are involved in immunity against the
blast fungus Magnaporthe oryzae. Plant Physiology, 164(2): 1077-1092.

LiY, Wang L.F., Bhutto S.H., He X.R., Yang X.M., Zhou X.H., Lin X.Y., Rajput
A.A., Li G.B., and Zhao J.H., 2021. Blocking miR530 improves rice resistance,
yield, and maturity. Frontiers in Plant Science, 12: 729560.



113

79.L1Y, Zhao S.L., LiJ.L., Hu X.H., Wang H., Cao X.L., Xu Y .J., Zhao Z.X., Xiao

Z.Y., and Yang N., 2017. Osa-miR169 negatively regulates rice immunity

against the blast fungus Magnaporthe oryzae. Frontiers in Plant Science, 8: 2.

80. L1 2.Y., XiaJ., Chen Z., Yu Y., Li Q.F., Zhang Y.C., Zhang J.P., Wang C.Y.,

81.

Zhu X.Y., and Zhang W., 2016b. Large-scale rewiring of innate immunity
circuitry and microRNA regulation during initial rice blast infection. Scientific

Reports, 6(1): 1-10.

Lin W, Lin Y., Chiang S., Syu C., Hsieh L., and Chiou T., 2018. Evolution of
microRNAS827 targeting in the plant kingdom. New Phytologist, 217(4): 1712—
1725.

82. Linares O.F., 2002. African rice (Oryza glaberrima): history and future potential.

83.

84.

85.

86.

87.

Proceedings of the National Academy of Sciences, 99(25): 16360—16365.

Liu G., Greenshields D.L., Sammynaiken R., Hirji R.N., Selvaraj G., and Wei Y.,
2007. Targeted alterations in iron homeostasis underlie plant defense responses.

Journal of Cell Science, 120(4): 596-605.

Liu H., Jia S., Shen D., Liu J., Li J., Zhao H., Han S., and Wang Y., 2012. Four
auxin response factor genes downregulated by microRNA 167 are associated with

growth and development in Oryza sativa. Functional Plant Biology, 39(9): 736—
744.

Llave C., 2004. MicroRNAs: more than a role in plant development?. Molecular
Plant Pathology, 5(4): 361-366.

Londo J.P., Chiang Y.C., Hung K.H., Chiang T.Y., and Schaal B.A., 2006.
Phylogeography of Asian wild rice, Oryza rufipogon, reveals multiple
independent domestications of cultivated rice, Oryza sativa. Proceedings of the

National Academy of Sciences, 103(25): 9578-9583.

Lopez J.A., Sun Y., Blair P.B., and Mukhtar M.S., 2015. TCP three-way

handshake: linking developmental processes with plant immunity. Trends in



114

Plant Science, 20(4): 238-245.

88. Lu C., Jeong D.H., Kulkarni K., Pillay M., Nobuta K., German R., Thatcher S.R.,
Maher C., Zhang L., and Ware D., 2008. Genome-wide analysis for discovery of

rice microRNAs reveals natural antisense microRNAs (nat-miRNAs).

Proceedings of the National Academy of Sciences, 105(12): 4951-4956.

89. Lu, Y., Feng, Z., Bian, L., Xie, H., & Liang, J. (2011). miR398 regulation in rice
of the responses to abiotic and biotic stresses depends on CSD/ and CSD2
expression. Functional Plant Biology, 38(1): 44-53.

90. Lu Y., Feng Z., Liu X., Bian L., Xie H., Zhang C., Mysore K.S., and Liang J.,
2018. MiR393 and miR390 synergistically regulate lateral root growth in rice
under different conditions. BMC Plant Biology, 18(1): 261.

91. Maciel J.L.N., 2018. Diseases affecting wheat: wheat blast. In integrated disease
management of wheat and barley. Burleigh Dodds Science Publishing,
Cambridge, United Kingdom, pp.175-190.

92. Maestri E., Marmiroli M., Visioli G., and Marmiroli N., 2010. Metal tolerance
and hyperaccumulation: costs and trade-offs between traits and environment.

Environmental and Experimental Botany, 68(1): 1-13.

93. Mahesh H.B., Shirke M.D., Wang G.L., and Gowda M., 2021. In planta
transcriptome analysis reveals tissue-specific expression of pathogenicity genes
and microRNAs during rice-Magnaporthe interactions. Genomics, 113(1): 265—

275.

94. Mallory A.C., Reinhart B.J., Jones-Rhoades M.W., Tang G., Zamore P.D., Barton
M.K., and Bartel D.P., 2004. MicroRNA control of PHABULOSA in leaf
development: importance of pairing to the microRNA 5’ region. The EMBO
Journal, 23(16): 3356-3364.

95. Mantovani R., 1999. The molecular biology of the CCAAT-binding factor NF-Y.
Gene, 239(1): 15-27.



115

96. Margis R., Fusaro A.F., Smith N.A., Curtin S.J., Watson J.M., Finnegan E.J., and
Waterhouse P.M., 2006. The evolution and diversification of Dicers in plants.

FEBS Letters, 580(10): 2442-2450.

97. Martin-Urdiroz M., Oses-Ruiz M., Ryder L.S., and Talbot N.J., 2016.
Investigating the biology of plant infection by the rice blast fungus Magnaporthe
oryzae. Fungal Genetics and Biology, 90: 61-68.

98. Millar A.A., Lohe A., and Wong G., 2019. Biology and function of miR/59 in
plants. Plants, 8(8): 255.

99. Moreira S.I., Ceresini P.C., and Alves E., 2015. Sexual reproduction in
Pyricularia oryzae. Summa Phytopathologica, 41(3): 175-182.

100. Nevo Y., and Nelson N., 2006. The NRAMP family of metal-ion transporters.
Biochimica et Biophysica Acta (BBA)-Molecular Cell Research, 1763(7): 609—
620.

101. Nguyen Q.B., Itoh K., Vu V.B.,, Tosa Y., and Nakayashiki H., 2011.
Simultaneous silencing of endo-B-1, 4 xylanase genes reveals their roles in the

virulence of Magnaporthe oryzae. Molecular Microbiology, 81(4): 1008—1019.

102. Nosaka M., Itoh J.I., Nagato Y., Ono A., Ishiwata A., and Sato Y., 2012. Role
of transposon-derived small RNAs in the interplay between genomes and

parasitic DNA in rice. PLoS Genet, 8(9): €1002953.

103. Obuchowski N.A., and Bullen J.A., 2018. Receiver operating characteristic
(ROC) curves: review of methods with applications in diagnostic medicine.

Physics in Medicine & Biology, 63(7): 07TRO1.

104. Padmanabhan C., Zhang X., and Jin H., 2009. Host small RNAs are big
contributors to plant innate immunity. Current Opinion in Plant Biology, 12(4):

465-472.

105. Pandey C., Raghuram B., Sinha A.K., and Gupta M., 2015. miRNA plays a role

in the antagonistic effect of selenium on arsenic stress in rice seedlings.



116

Metallomics, 7(5): 857-866.

106. Panigrahi S., Panigrahy M., Kariali E., Dash S.K., Sahu B.B., Sahu S.K.,
Mohapatra P.K., and Panigrahi K.C.S., 2021. MicroRNAs modulate ethylene
induced retrograde signal for rice endosperm starch biosynthesis by default

expression of transcriptome. Scientific Reports, 11(1): 1-17.

107. Panwar V., McCallum B., and Bakkeren G., 2013. Host-induced gene silencing
of wheat leaf rust fungus Puccinia triticina pathogenicity genes mediated by the

barley stripe mosaic virus. Plant Molecular Biology, 81(6): 595-608.

108. Penn T.J., Wood M.E., Soanes D.M., Csukai M., Corran A.J., and Talbot N.J.,
2015. Protein kinase C is essential for viability of the rice blast fungus

Magnaporthe oryzae. Molecular microbiology, 98(3): 403—419.

109. Peris-Peris C., Serra-Cardona A., Sanchez-Sanuy F., Campo S., Arifio J., and
San Segundo B., 2017. Two NRAMPG6 isoforms function as iron and manganese
transporters and contribute to disease resistance in rice. Molecular Plant-

Microbe Interactions, 30(5): 385-398.

110. Petroni K., Kumimoto R.W., Gnesutta N., Calvenzani V., Fornari M., Tonelli
C., Holt B.F., and Mantovani R., 2012. The promiscuous life of plant nuclear
factor Y transcription factors. The Plant Cell, 24(12): 4777-4792.

111. Phansak P., Siriwong S., Sangpueak R., Kanawapee N., Thumanu K., and
Buensanteai N., 2021. Screening rice blast-resistant cultivars via synchrotron
Fourier transform infrared (SR-FTIR) microspectroscopy. Emirates Journal of

Food and Agriculture, 33(9): 726-741.

112. Pliego C., Nowara D., Bonciani G., Gheorghe D.M., Xu R., Surana P., Whigham
E., Nettleton D., Bogdanove A.J., and Wise R.P., 2013. Host-induced gene
silencing in barley powdery mildew reveals a class of ribonuclease-like

effectors. Molecular Plant-Microbe Interactions, 26(6): 633—642.

113. Pottier M., Roux C., Roschzttardtz H., Lanquar V., Oomen R., Giraudat J., Curie



117

C., and Thomine S., 2013. The iron and manganese transporter AtNRAMPS5
contributes to male fertility in Arabidopsis thaliana. In 16th Symposium
International Iron Nutrition and Interactions in Plants (IWPMB2013). Amherst,
Massachussets, USA, 17-21 June, 2013.

114. Prabhu AS, and Filippi M.C., 1995. Age-mediated resistance and fungicide
application for leaf blast control in upland rice. International Journal of Pest

Management, 41(1): 8—13.

115. Prabhu A.S., Filippi M.C., Silva G.B., Silva Lobo V.L., and Morais O.P., 2009.
An unprecedented outbreak of rice blast on a newly released cultivar BRS
Colosso in Brazil. In Advances in genetics, genomics and control of rice blast

disease. Springer, Berlin/Heidelberg, Germany, pp.257-266.

116. Project R.A., 2007. The rice annotation project database (RAP-DB): 2008
update. Nucleic Acids Research, 36(suppl 1): D1028-D1033.

117. Qin S., Jin P., Zhou X., Chen L., and Ma F., 2015. The role of transposable
elements in the origin and evolution of microRNAs in human. PLoS One, 10(6):

e0131365.

118. Qu L., Lin L., and Xue H., 2019. Rice miR394 suppresses leaf inclination
through targeting an F-box gene, LEAF INCLINATION 4. Journal of
Integrative Plant Biology, 61(4): 406—416.

119. Quoc N.B, Phuong N.D.N., Trang H.T.T., Phi N.B., and Chau N.N.B., 2019.
Expression of osa-miR7695 against the blast fungus Magnaporthe oryzae in

Vietnamese rice cultivars. European Journal of Plant Pathology, 155(1): 307—
317.

120. Quoc N.B., Trang H.T.T., Phuong N.D.N., Chau N.N.B., and Jantasuriyarat C.,
2021. Development of a SCAR marker linked to fungal pathogenicity of rice
blast fungus Magnaporthe oryzae. International Microbiology, 24(2): 149—156.

121. Rhoades M.W., Reinhart B.J., Lim L.P., Burge C.B., Bartel B., and Bartel D.P.,



118

2002. Prediction of plant microRNA targets. Cel/, 110(4): 513-520.

122. Ribot C., Hirsch J., Balzergue S., Tharreau D., Nottéghem J.L., Lebrun M.H.,
and Morel J.B., 2008. Susceptibility of rice to the blast fungus, Magnaporthe
grisea. Journal of Plant Physiology, 165(1): 114—124.

123. Rogers K., and Chen X., 2013. Biogenesis, turnover, and mode of action of plant
microRNAs. The Plant Cell, 25(7): 2383-2399.

124. Salvador-Guirao R., Baldrich P., Tomiyama S., Hsing Y.I., Okada K., and San
Segundo B., 2019. OsDCLIa activation impairs phytoalexin biosynthesis and

compromises disease resistance in rice. Annals of Botany, 123(1): 79-93.

125. Salvador-Guirao R., Hsing Y., and San Segundo B., 2018. The polycistronic
miR166k-166h positively regulates rice immunity via post-transcriptional

control of EIN2. Frontiers in Plant Science, 9: 337.

126. Sasaki A., Yamaji N., Yokosho K., and Ma J.F., 2012. NRAMPS5 is a major
transporter responsible for manganese and cadmium uptake in rice. The Plant

Cell, 24(5): 2155-2167.

127. Schmittgen T.D., Lee E.J., Jiang J., Sarkar A., Yang L., Elton T.S., and Chen
C., 2008. Real-time PCR quantification of precursor and mature microRNA.
Methods, 44(1): 31-38.

128. Segi¢ E., Kogel K.H., and Ladera-Carmona M.J., 2021. Biotic stress-associated
microRNA families in plants. Journal of Plant Physiology, 263: 153451.

129. Sharma T.R., Rai A.K., Gupta S.K., Vijayan J., Devanna B.N., and Ray S., 2012.
Rice blast management through host-plant resistance: retrospect and prospects.

Agricultural Research, 1(1): 37-52.

130. Shim J.S., Oh N., Chung P.J., Kim Y.S., Choi Y.Do, and Kim J.K., 2018.
Overexpression of OsNACI14 improves drought tolerance in rice. Frontiers in

Plant Science, 9: 310.



119

131. Song X., Li Y., Cao X., and Qi Y., 2019. MicroRNAs and their regulatory roles
in plant—environment interactions. Annual Review of Plant Biology, 70: 489—

525.

132. Song X., Wang D., Ma L., Chen Z., Li P., Cui X., Liu C., Cao S., Chu C., and
Tao Y., 2012. Rice RNA-dependent RNA polymerase 6 acts in small RNA
biogenesis and spikelet development. The Plant Journal, 71(3): 378-389.

133. Sriwanna K. (2022). Weather-based rice blast disease forecasting. Computers
and Electronics in Agriculture, 193: 106685.

134. Srivastava D., Shamim M., Kumar M., Mishra A., Pandey P., Kumar D., Yadav
P., Siddiqui M.H., and Singh K.N., 2017. Current status of conventional and

molecular interventions for blast resistance in rice. Rice Science, 24(6): 299-321.

135. Stein J.C., Yu Y., Copetti D., Zwickl D.J., Zhang L., Zhang, C., Chougule K.,
Gao D., Iwata A., and Goicoechea J.L., 2018. Genomes of 13 domesticated and
wild rice relatives highlight genetic conservation, turnover and innovation across

the genus Oryza. Nature Genetics, 50(2): 285-296.

136. Sun M., Shen Y., Li H., Yang J., Cai X., Zheng G., Zhu Y., Jia B., and Sun X.,
2019. The multiple roles of OsmiR535 in modulating plant height, panicle
branching and grain shape. Plant Science, 283: 60—69.

137. Sun M., Shen Y., Yang J., Cai X., Li H., Zhu Y., Jia B., and Sun X., 2020.
miR535 negatively regulates cold tolerance in rice. Molecular Breeding, 40(1):

1-12.

138. Talbot N.J., Kershaw M.J., Wakley G.E., De Vries, O.M.H., Wessels J.G H.,
and Hamer J.E., 1996. MPG1 encodes a fungal hydrophobin involved in surface
interactions during infection-related development of Magnaporthe grisea. The

Plant Cell, 8(6): 985-999.

139. Tang J., and Chu C., 2017. MicroRNAs in crop improvement: fine-tuners for
complex traits. Nature Plants, 3(7): 1-11.



120

140. Thomine S., Leli¢vre F., Debarbieux E., Schroeder J.I., and Barbier-Brygoo H.,
2003. AtNRAMP3, a multispecific vacuolar metal transporter involved in plant
responses to iron deficiency. The Plant Journal, 34(5): 685—695.

141. Thomine S., Wang R., Ward J.M., Crawford N.M., and Schroeder J.I., 2000.
Cadmium and iron transport by members of a plant metal transporter family in

Arabidopsis with homology to Nramp genes. PNAS, 97(9): 4991-4996.

142. Tian C., Zuo Z., Qiu J.L., 2015. Identification and characterization of ABA-
responsive microRNAs in rice. Journal of genetics and genomics, 42(7): 393-

402.

143. Tiwari M., Sharma D., Dwivedi S., Singh M., Tripathi R.D., and Trivedi P.K.,
2014. Expression in Arabidopsis and cellular localization reveal involvement of

rice NRAMP, OsNrampl, in arsenic transport and tolerance. Plant, Cell and
Environment, 37(1): 140-152.

144. Vale F.X.R., Parlevliet J.E., and Zambolim L., 2001. Concepts in plant disease
resistance. Fitopatologia Brasileira, 26(3): 577-5809.

145. Vu V.B,, Itoh K., Nguyen Q.B, Tosa Y., and Nakayashiki H., 2012. Cellulases
belonging to glycoside hydrolase families 6 and 7 contribute to the virulence of

Magnaporthe oryzae. Molecular Plant-Microbe Interactions, 25(9): 1135-1141.

146. Vidal S.M., Malo D., Vogan K., Skamene E., and Gros P., 1993. Natural
resistance to infection with intracellular parasites: isolation of a candidate for

Beg. Cell, 73(3): 469-485.

147. Voinnet O., 2009. Origin, biogenesis, and activity of plant microRNAs. Cell,
136(4): 669-687

148. Wang D., Pajerowska-Mukhtar K., Culler A.H., & Dong X. (2007). Salicylic
acid inhibits pathogen growth in plants through repression of the auxin signaling

pathway. Current Biology, 17(20): 1784-1790.

149. Wang H, Li Y., Chern M., Zhu Y., Zhang L.L., Lu J.H., Li X.P., Dang W.Q.,



121

Ma X.C., and Yang Z.R., 2021a. Suppression of rice miR168 improves yield,
flowering time and immunity. Nature Plants, 7(2): 129-136.

150. Wang R., Yang X., Guo S., Wang Z., Zhang Z., and Fang Z., 2021b. MiR319-
targeted OsTCP21 and OsGAMYB regulate tillering and grain yield in rice.
Journal of Integrative Plant Biology, 63(7): 1260-1272.

151. Wang S., Sun X., Hoshino Y., Yu Y., Jia B., Sun Z., Sun M., Duan X., and Zhu
Y., 2014. MicroRNA319 positively regulates cold tolerance by targeting
OsPCF6 and OsTCP21 in rice (Oryza sativa L.). PloS One, 9(3): €91357.

152. Wang Z., Xia Y., Lin S., Wang Y., Guo B., Song X., Ding S., Zheng L., Feng
R., and Chen S., 2018. Osa-miR164a targets OsNAC60 and negatively regulates

rice immunity against the blast fungus Magnaporthe oryzae. The Plant Journal,

95: 584-597.

153. Weiberg A. and Jin H., 2015. Small RNAs—the secret agents in the plant—
pathogen interactions. Current Opinion in Plant Biology, 26: 87-94.

154. Weiberg A., Wang M., Lin F.M., Zhao H., Zhang Z., Khaloshian I., Huang H.D.,
and Jin H., 2014. Fungal small RNAs suppress plant immunity by hijacking host.
Science, 342(6154): 118-23.

155. Were V.M., 2018. Investigating the role of effector proteins in the rice blast
fungus Magnaporthe oryzae. Thesis PhD, University of Exeter, England.

156. Wu L., Zhang Q., Zhou H., Ni F., Wu X_, and Qi Y., 2009. Rice microRNA
effector complexes and targets. The Plant Cell, 21(11): 3421-3435.

157. Wu L., Zhou H., Zhang Q., Zhang J., Ni F., Liu C., and Qi Y., 2010. DNA
methylation mediated by a microRNA pathway. Molecular Cell, 38(3): 465—475.

158. Xiao W., Luo L., Hui W., Tao G.U.O., Liu Y., Zhou J., Zhu X., Yang Q., and
Chen Z., 2016. Pyramiding of Pi46 and Pita to improve blast resistance and to
evaluate the resistance effect of the two R genes. Journal of Integrative

Agriculture, 15(10): 2290-2298.



122

159. Xiao Z.Y., Wang Q.X., Zhao S.L., Wang H., Li J.L., Huang F., Fan J., Li Y.,
and Wang W.M., 2017. MiR444b.2 regulates resistance to Magnaporthe oryzae
and tillering in rice. Acta Phytopathol Sin, 47: 511-522.

160. Xie M., Zhang S., and Yu B., 2015. MicroRNA biogenesis, degradation and
activity in plants. Cellular and Molecular Life Sciences, 72(1): 87-99.

161. Xie Z., Allen E., Fahlgren N., Calamar A., Givan S.A, and Carrington, J.C.,
2005. Expression of Arabidopsis MIR genes. Plant physiology, 138(4): 2145—
2154.

162. Xue C., Park G., Choi W., Zheng L., Dean R.A., and Xu J.R., 2002. Two novel
fungal virulence genes specifically expressed in appressoria of the rice blast

fungus. The Plant Cell, 14(9): 2107-2119.

163. Yan X., and Talbot N.J., 2016. Investigating the cell biology of plant infection
by the rice blast fungus Magnaporthe oryzae. Current Opinion in Microbiology,
34: 147-153.

164. Yan Y., Wei M., Li Y., Tao H., Wu H., Chen Z., Li C., and Xu J.H., 2021.
MiR529a controls plant height, tiller number, panicle architecture and grain size
by regulating SPL target genes in rice (Oryza sativa L.). Plant Science, 302:
110728.

165. Yang M., Zhang W., Dong H., Zhang Y., Lv K., Wang D., and Lian X., 2013.
OsNRAMP3 is a vascular bundles-specific manganese transporter that is

responsible for manganese distribution in rice. PLoS One, 8(12): €83990.

166. Yokotani N., Tsuchida-Mayama T., Ichikawa H., Mitsuda N., Ohme-Takagi M.,
Kaku H., Minami E., and Nishizawa Y., 2014. OsNACI11, a blast disease—
responsive transcription factor in rice, positively regulates the expression of
defense-related genes. Molecular Plant-Microbe Interactions, 27(10): 1027—
1034.

167. Yuan J., Wang Z., Xing J., Yang Q., and Chen X.L., 2018. Genome-wide



123

Identification and characterization of circular RNAs in the rice blast fungus

Magnaporthe oryzae. Scientific Reports, 8(1): 1-8.

168. Yuan X., Wang H., Cai J., Bi Y., Li D., and Song F., 2019. Rice NAC
transcription factor OsNAC066 functions as a positive regulator of drought and

oxidative stress response. BMC Plant Biology, 19(1): 1-19.

169. Yuan, X., Wang, H., Cai, J., Li, D., & Song, F. (2019). NAC transcription factors
in plant immunity. Phytopathology Research, 1(1): 1-13

170. Zhang C., Ding Z., Wu K., Yang L., Li Y., Yang Z., Shi S., Liu X., Zhao S., and
Yang Z., 2016a. Suppression of jasmonic acid-mediated defense by viral-

inducible microRNA3 19 facilitates virus infection in rice. Molecular Plant, 9(9):

1302-1314.

171. Zhang D., Liu M., Tang M., Dong B., Wu D., Zhang Z., and Zhou B., 2015.
Repression of microRNA biogenesis by silencing of OsDCL] activates the basal

resistance to Magnaporthe oryzae in rice. Plant Science, 237: 24-32.

172. Zhang H, Zheng X., and Zhang Z., 2016b. The Magnaporthe grisea species
complex and plant pathogenesis. Molecular Plant Pathology, 17(6): 796-804.

173. Zhang H, Hu J., Qian Q., Chen H., Jin J., and Ding Y., 2016¢c. Small RNA
profiles of the rice PTGMS line Wuxiang S reveal miRNAs involved in fertility

transition. Frontiers in Plant Science, 7: 514.

174. Zhang X, Bao, Y., Shan D., Wang Z., Song X., Wang Z., Wang J., He L., Wu
L., and Zhang Z., 2018. Magnaporthe oryzae induces the expression of a

microRNA to suppress the immune response in rice. Plant Physiology, 177(1):

352-368.

175. Zhao H., Wu D., Kong F., Lin K., Zhang H., and Li G., 2017. The Arabidopsis
thaliana nuclear factor Y transcription factors. Frontiers in Plant Science, 7:

2045.

176. Zhao J., Yang W., Zhang S., Yang T., Liu Q., Dong J., Fu H., Mao X., and Liu



124

B., 2018. Genome-wide association study and candidate gene analysis of rice

cadmium accumulation in grain in a diverse rice collection. Rice, 11(1): 1-15.

177. Zhao Z., Feng Q., Cao X., Zhu Y., Wang H., Chandran V., Fan J., Zhao J., Pu
M., and Li Y., 2019. Osa-miR167d facilitates infection of Magnaporthe oryzae
in rice. Journal of Integrative Plant Biology, 62(5): 702-715.

178. Zhou M., Gu L., Li P., Song X., Wei L., Chen Z., and Cao X., 2010. Degradome
sequencing reveals endogenous small RNA targets in rice (Oryza sativa L. ssp.

indica). Frontiers in Biology, 5(1): 67-90.

179. Zhou S., Zhu Y., Wang L., Zheng Y., Chen J., L1 T., Yang X., Wang H., Li X.,
and Ma X., 2020. Osa-miR1873 fine-tunes rice immunity against Magnaporthe
oryzae and yield traits. Journal of Integrative Plant Biology, 62(8): 1213-1226.

180. Zhu Q.H., Upadhyaya N.M., Gubler F., and Helliwell C.A., 2009. Over-

expression of miR172 causes loss of spikelet determinacy and floral organ

abnormalities in rice (Oryza sativa). BMC Plant Biology, 9(1): 149.

181.ZuoJ., Wang Y., LiuHH.,Ma Y.Y.,JuZ., Zhai B.,FuD., Zhu Y., Luo Y., Zhu
B.,Zhu F., Xu J.J.J., Palli R., Ferguson J., Palli S.R., Zhou M., Luo H., Zhou G.,
Wang T., and Me S., 2014. Role of miRNAs and siRNAs in biotic and abiotic
stress responses of plants. Methods, 7(1): 1-16.



125

PHU LUC

Phu luc 1. Danh sach cac microRNAs ¢ lta lién quan dén tinh khang, man cam véi
nam gay bénh dao 6n, Magnaporthe oryzae

STT miRNA Kich S6 lwong Gen dich Tac dong cia Tai liéu
thuée miRNA miRNA dén tinh  tham Kkhao
miRNA truéng trang cua laa
hoan thanh
chinh
(nu)
1. osa- 21 nu SPLI13 Téac dong dénsan  (Baldrich va
miR156 (LOC 0Os07g3217 | lugng lta, bong ctv., 2015;
0); l0a, chidu cao lta. Campo va
ctv., 2013;
SPLIS Katiyar-
(LOC 0s09g3294 Agarwal va
; Jin, 2007; Li
SPLIO va ctv.,
(LOC_0s11g3037 2014; Liva
0); ctv., 2016b;
Zhang va
SPL14 ctv., 2015)
(LOC 0Os08g3989
0);
SPL3
(LOC 0s02g0468
0);
SPL4
(LOC 0s02g0778
0)
2. osa- 21 nu GAMYB, Tac dong dén sy (Chen va
miR159 GAMYBL ra hoa, phat trién  ctv.,2021; Li
(LOC Os01g5966 | than cay laa. va ctv.,

0,



3.

4.

osa-

miR160

osa-

miR162

21 nu

21 nu
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LOC Os06g4033
0);

OsZF

ARFS
(LOC_0s02g4180
0); ARF10

(LOC 0s04g4391
0); ARF13
(LOC_0s04g5943
0); ARF18
(LOC_0s06g4715
0): ARF22

(LOC
Os10g33940)

OsDCLIa
(LOC 0s03g0297
0)

Biéu hién ting
osa-miR159a 1am
tang kha nang
khang nam M.

oryzae trén lua.

Gen dich tac dong
cua osa-miR159
la OsGAMYB,
OsGAMYBL, va
OsZF.

Biéu hién ting
osa-miR160 lam
tang kha nang
khang nam M.
oryzae trén cay
Ia thong qua viéc
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Tac dong dén hé
thdng mién dich,
sinh truéng va

phat trién cua laa.

Biéu hién ting
osa-miR162 1am
tang kha nang
khang ndm M.
oryzae trén lua
thong qua su kich
thich cac gen
khang va tich liy
tang H,0..

2014; Liva
ctv.,2016)

(Campo va
ctv.,2013;
Huang va
ctv.,2016; Li
va

ctv.,2019b)

(Li va ctv.,
2020; Liva
ctv., 2014;
Zhang va
ctv., 2015)



5.

6.

osa-

miR164

osa-

miR166

21 nu

21 nu

4

127

OsNAC

START domain-
containing protein
(LOC_0Os03g018
90);

Homeobox-
leucine zipper
protein

(LOC 0s03g4393
0,

LOC 0Os10g3396
0,

LOC Os12g4186
0);

Vacuolar protein

8

(LOC_0s06g0130

9

Osa-miR162 can
bang kha ning
khang ndm M.
oryzae va san

luong lua.

Biéu hién ting
osa-miR164 lam
giam kha nang
khang ndm M.

oryzae ¢ lua.

Biéu hién ting
osa-miR164 lam
giam kha nang

chiu han ¢ laa.

Diéu hoa cay lua
chéng lai cac cang
thiang phi sinh hoc

(abiotic stress)

Biéu hién ting
osa-miR166 lam
tang cuong kha
ning mién dich &
cay lua thong qua
sy diéu hoa gene
ethylene-
insensitive 2

(EIN2).

(Tang va
Chu, 2017,
Wang va
ctv., 2018)

(Ding va
ctv., 2018;
Iwamoto va
Tagiri, 2016;
Salvador-
Guirao va
ctv., 2018;
Zhang va
ctv., 2018)



7.

8.

osa-

miR167

osa-

miR168

21 nu

21,24 nu

128

RDDI gene

ARF6
(LOC_0s02g0691
0); ARF12

(LOC 0Os04g5761
0); ARF17

(LOC 0Os06g4641
0); ARF25

(LOC _0Os12g4195
0); RETInol
dehydrogenase 14
(LOC 0s06g0383
0); Zinc finger
protein 207

(LOC _0s09g3879
0)

AGOla
(LOC_0s02g4507
0); AGOI1b

(LOC 0s04g4787
0); AGOIc

(LOC 0s02g5849
0); AGOI1d

(LOC _Os06g5131
0)

Biéu hién tang

osa-miR167d lam = 2012a; Zhao

(Liu va ctv.,

giam kha nang va ctv.,
khang nam M. 2019)

oryzae trén lua

Piéu hoa tin hiéu
auxin, tir d6 diéu
hoa su sinh

trudng, phat trién

cua cay lua.

Biéu hién giam (Li va ctv.,
osa-miR168 lam 2014; Liva
tang cuong san ctv., 2016b;
luong lua, giam Wang va
thoi gian ra hoa ctv., 2021a)

va kha nang mién

dich.

Mo6-dun osa-
miR168-AGO
kiém soat osa-
miR535 dé tang sb
luong bong 1ua,
kiém soat osa-
miR164 dé giam
thoi gian ra hoa,
va kiém soat osa-
miR1320 dé tang

cuong kha nang



9. osa-
miR169

10 osa-
miR171

21,22 nu

21 nu

129

NF-YCI

(LOC 0s02g0745
0); NF-YC2

(LOC _0s03g1466
9); NF-YC3

(LOC Os04g5868
0); NF-YC4

(LOC Os06g4564
0); NF-YAIl
(LOC 0s02g5362
0);

NF-YAILO
(LOC_0s12g4240

0)

SCARECROW
gene regulator
(LOC 0s06g0162
0,

LOC 0Os04g4436
0,

LOC 0Os04g4686
0); AP2 domain

containing TF

mién dich véi
nam gay bénh dao

on M. oryzae

Biéu hién ting
osa-miR169 lam
giam kha nang
khang nam M.
oryzae & lua
thong qua sy kim
hdm mtre d¢ biéu
hién cta gen NF-
YA.

osa-miR171 ddng
vai trd quan trong
trong su phat trién
1é cay va 14; osa-
miR171 cé lién
quan dén con
duong tin hi¢u
hormon, tdc dong
dén sy hinh thanh
md phan sinh va

mach cay.

Mic d6 biéu hién
cua osa-miR171

¢6 sy thay doi khi
laa nhidm ndm M.

oryzae

(Livactv.,

2017)

(Baldrich va
ctv., 2015;
Livactv.,

2014)



11 osa-

miR172

12 osa-

miR319

13 osa-

miR390

20,21 nu

20,21 nu

20,21 nu

2

130

Retrotransposon
protein
(LOC_Os05g432
20); SSH1

(LOC 0s07g1317
0);

ARF9

(LOC _0s04g3605
4); AP2-like
factor

(LOC _0s03g6043
0,

LOC Os04g5556
0,

LOC 0s05g0304
0,

LOC Os07g1317
0); Putative zinc-
finger motif

(LOC 0s09g2177
0)

TCP21
(LOC_Os12g074
80);

myb proto-
oncogene (LOC _
0s01g59660)

LOX2/LOXS5

STRUBBELIG-
RECEPTOR
FAMILY 6 (SRF)

osa-miR172 kich
thich ra hoa bang
cach tc ché biéu
hién gen OsIDSI,
SNB va AP2. Cac
gen nay dong vai
tro diéu hoa giam
Ehdl va hormon
kich thich n¢ hoa.
Do d6,biéu hién
tdng osa-miR172
s€ lam gidm bong

IGa non.

Mre d6 biéu hién
cua osa-miR172

¢6 sy thay ddi khi
lda nhidm ndm M.

oryzae

Biéu hién ting
osa-miR319 lam
giam kha nang
khang ndm M.
oryzae & lua
thong qua su tc
ché gen OsTCP21
va LOX2/5

Biéu hién ting
osa-miR390 lam

tang cudng su

(Baldrich va
ctv., 2015;
Liva ctv.,
2014; Li va
ctv., 2016b;
Zhu va ctv.,

2009)

(Baldrich va
ctv., 2015;
Zhang va
ctv., 2018)

(Baldrich va
ctv., 2015;

Ding va ctv.,



14 osa-

miR393

21,22 nu

131

(LOC 0s03g5104
0);

Wallassociated
receptor kinase-
like 10

(LOC 0Os04g3006
0); Leucinerich
repeat family
(LOC _Os04g451
70)

ARF3/4

Thu quan auxin
TIRI
(LOC_0s05g058
00); Thu quan
auxin AFB2
(LOC_0Os04g324
60)

phat trién ctia ré
phu (lateral roots)
0 laa thong qua sy
trc ché gen ARF3.
Biéu hién ting
osa-miR390 gitp
cay lua tang kha
ning chdng chiu

Cadmium

Bén canh d6 osa-
miR390 duge diéu
hoa linh dong boi
osa-miR393 thong
qua su e ché
phén tir thu quan
auxin OsTIR1 va
OsAFB2. T6 hop
osa-miR390-osa-
miR393 gitp cay
lua thich ung véi
chc cang thang

phi sinh hoc.

Mic d6 biéu hién
cua osa-miR390

¢6 sy thay ddi khi
laa bi nhiém ndm

M. oryzae

osa-miR393 diéu
hoa linh dong sy
phat trién ctia ré
phu ¢ lua thong
qua viéc diéu hoa
osa-miR390. Tb
hop osa-miR390-
osa-miR393 gitip

2016; Lu va
ctv., 2018)

(Baldrich va
ctv., 2015;
Ding va ctv.,
2016; Lu va
ctv., 2018)



15 osa-

miR394

16 osa-

miR395

20 nu

21,22 nu

1

10

132

Gen LC4 (leaf

inclination 4)

Cytochrome b5-
like Heme/steroid
binding domain
containing

protein

(LOC _0s10g3587
0);

Bifunctional 3-
phosphoadenosine
5-
phosphosulfate
synthetase
(LOC 0s03g5323

0); Protein kinase

cay lua thich ting
v&i cac cang
thang phi sinh
hoc. Tuy nhién,
co ché cu thé
chua dugc lam

sang to.

Miic d6 biéu hién
cua osa-miR393

¢6 sy thay ddi khi
laa nhiém nidm M.

oryzae

osa-miR394 diéu
chinh d¢ cong cua
14 lGa thong qua
trc ché gen dich
LC4. Biéu hi¢n
giam osa-miR394
lam tang cuong
goc cua la lta va

be Iua.

Khi cay lua cé su
hién dién cua As
hoac (As va Se)
thi osa-miR395 c6
biéu hién ting.
Tuy nhién khi chi
c6 Se thi osa-
miR395 c6 biéu
hién giam.

Mirc d6 biéu hién
cua osa-miR395

¢6 su thay ddi khi

(Quva
ctv.,2019)

(Campo va
ctv., 2013;
Liva ctv.,
2019b;
Pandey va

ctv., 2015)



17

18

osa-

miR396

osa-

miR398

21,22 nu

21 nu

133

domain
containing protein
(LOC _0s05g4429
0)

GRF6
(LOC 0s03g5197
0);

GRF7
(LOC_0s12g2998
0);

GRF8
(LOC 0s11g3503
0);

GRF9
(LOC Os03g4714
0);

GRF2
(LOC_0s06g103
10);

GRF6

(LOC 0s03g519
70); Deaminase
(LOC_
0s06g29430)

CSDI
(LOC 0s03g2281
0):

CSD2
(LOC_0Os07g4699
0):

lGa bi nhiém nam

M. oryzae

Biéu hién osa-
miR396 tang lam
giam kha nang
khang nam M.
oryzae thong qua
su kim ham cac

gen OsGRFss.

T hop osa-
miR396-OsGRF's
diéu chinh su can
bang gitra san
lugng Iua va kha
ning khang ndm

M. oryzae.

Biéu hién osa-
miR398b lam kha
ning khang nim
M. oryzae thong
qua sy tang
cuong nong do

H)O2 614

(Chandran
va ctv.,
2019;
Mahesh va
ctv., 2021)

(Li va ctv.,
2014; Liva
ctv., 2019a)



19 osa-

miR399

20 osa-

miR435

21 nu

20

1

134

CSD3

(LOC_0s03g1196

0):

CSD4

(LOC_0s08g4477

0)

Gen SODX
(Superoxide

Dismutase X)

Gen
PHOSPHATE 2
(PHO2)

COBRA-like

protein precursor

Biéu hién osa-
miR399 tang lam
giam kha nang
khang nim
M.oryze. Trong sb
cac dang miRNA
isoforms (miRNA
ddng dang) cua
osa-miR399, osa-
miR399f khi biéu
hién ting s& dan
dén tang ndng do
phosphate ¢ 14, tur
d6 dan dén tang
murc d6 man cam
v6i ndm M.
oryzae. Nghién
ctru ciing cho thiy
khi bén phan lan
quéa nhiéu s& lam
tang mirc do man
cam voi nam M.

oryzae & lua.
Mirc d6 biéu hién
cua osa-miR435

trén giong lua

(Campos-
Soriano va

ctv., 2020)

(Campo va

ctv., 2013;



21 osa-

miR439

22 osa-

miR444

21 nu

21 nu

135

(LOC_0s07g4132
0)

Chl9
(LOC_0s03g365
40);

Cyclin-dependent
kinase G-1

(LOC _0s02g3901
0)

Gen OsNACH4,
OsMAS1

OsMADS23
(LOC _0s08g3348
8);

man cam cao hon
50 Vi gidng lua
khang ndm M.
oryzae & céc thoi
diém (Oh, 12hpi,
24 hpi): dédc biét &
thoi diém 12hpi
mirc 49 biéu hién
cua osa-osa-
miR435 trén
giéng lia min
cam cao gap 4.8
lan so véi gibng
khang. Tuy nhién
chua xac dinh
duoc co ché tac
dong dén kha
nang khang véi
ndm M. oryzae &

Iaa

Biéu hién osa-
miR439 tang lam
giam kha niang
khang ndm M.
oryzae ¢ lha
thong qua su tc
ché cac gen khang
va giam nong do

H>0:.

Biéu hién tang
osa-miR444b lam
giam kha nang
khang ndm M.
oryzae thong qua

su e ché gen

Liva ctv.,

2014)

(Junhua va
ctv., 2021;
Liva ctv.,

2016b)

(Livactv.,
2014; Li va
ctv., 2019b;
Tang va

Chu, 2017)



23 osa-

miR528

24 osa-

miR529

21 nu

21,22 nu

136

OsMADS27
(LOC 0s02g3692
9);

OsMADS57
(LOC_0s02g4984

0)

Gen RED AND
FAR-RED
INSENSITIVE 2
(OsRFI2)

Ascorbate

Oxidase (40)

SBP-box gene
family member
(LOC 0s02g0778
0)

SPL14, SPL17

dich OsMADS27
va OsMADS57

osa-miR528 tic
ché gen Ascobate
oxidase, ¢6 vai tro
trong viéc chong
lai Rice stripe
virus (RSV). Biéu
hién giam osa-
miR528 1am tang
cuong kha nang
khang RSV.
Ngoai ra, osa-
miR528 c6 vai tro
diéu chinh thoi
gian ra bong ¢ lta
thong qua sy rc

ché gen OsRFI2

Mic d6 biéu hién
cua osa-miR528

¢6 su thay ddi khi
laa bi nhiém ndm

M. oryzae

osa-miR529a
tham gia diéu
khién chiéu cao,
s6 luong chdi,

kich thudc hat lua

(Campo va
ctv., 2013;
Dong va
ctv., 2018;
Li va ctv.,

2014)

(Campo va
ctv., 2013;
Li vactv.,
2019b; Yan
va ctv.,

2021)



25 osa-

miR530

26 osa-

miR535

27 osa-

miR810b

137

Gen OSPL3

Gen SPL
(Squamosa
promoter-binding-

like)

Gen Squamosa
promoter-
binding-like
protein 11

(LOC Os06g4531
0)

Gen FBX160
(LOC Os05g0795
0);

Gen Zmet3-like

thong qua trc ché

gen dich SPL.

Miic d6 biéu hién
cua osa-miR529

¢6 sy thay d6i khi
laa nhidm nidm M.

oryzae

Biéu hién ting
osa-miR530 lam
giam kha nang
khang nam
M.orzyae thong
qua trc ché gen

dich OSPL3

Biéu hién ting
osa-miR535 lam
giam kha nang
chéng chiu lanh &
lta thong qua sy
trc ché gen SPL
va diéu hoa gen

OsCBL.

Mre do biéu hién
cua osa-miR535

¢6 su thay ddi khi
laa nhidm ndm M.

oryzae

Mic d6 biéu hién
cua osa-miR810
¢6 sy thay doi khi
lta nhiém M.

oryzae

(Liva ctv.,

2021)

(Liva ctv.,
2014; Sun va
ctv., 2020;
Wang va
ctv., 2021a)

(Campo va
ctv., 2013;
Li vactv.,
2019b; Lu
va ctv.,

2008)



28 osa-

miR812

29 osa-

miR818

21,2224

nu

21,22 nu

22

6

138

Calcium/calmodul
in dependent
protein kinase
(LOC 0s03g2205
0)

ACO3
(LOC_0s02g5318
0.1)

CIPK1
(LOC_Os01g1880

0)

LRR

RDR?2
(LOC 0s04g3916
0)

Biéu hién ting (Campo va
osa-miR812w lam  ctv., 2013,
tang kha nang 2021)
khang v&i nAm M.

oryzae & lua.

osa-miR812w
chuyén hoa tir
Stowaway type
MITEs (Miniature
Inverted-Repeat
Transposable
Elements). Muc
do tich luy H,O, &
lua tang cao khi
osa-miR8 12w

biéu hién ting.

osa-miR812w cé
chirc nang trong
viéc methyl hoa
gen dich (4CO3,
CIPK10, LRR) va
cho chinh ban
than cua osa-
miR812w. Mirc do
tich liiy H>O; cao
va methyl hda gen
MIR gitp cay lta
chdng lai nAm M.

oryzae

osa-miR818 tham | (Baldrich va

gia didu hoa qua  ctv., 2015;
trinh tao Ac- Liva ctv.,

SiRNA thong qua  2019b)



30 osa-

miR820

31 osa-

miR827

21 nu

21 nu

139

LOC_0s03g4801
0

OsDRM?2
(LOC 0s03g0201
0);

Cellulose
synthase like C12

(LOC_0S11gl36
50)

OsSPX-MFS1
(LOC_Os04g4839
0);

OsSPX-MFS2
(LOC 0s02g4552
0);

WAK receptor-
like protein kinase
(LOC _0s02g5637
0)

su e ché gen

dich RDR2.

Miic d6 biéu hién
cua osa-miR818

¢6 sy thay d6i khi
laa nhidm nidm M.

oryzae.

osa-miR820 tac
dong dén qua sinh
trinh sinh trudng
va phat trién cua
Ita thong qua sy
trc ché gen

OsDRM?2.

Mre d6 biéu hién
cua osa-miR820

¢6 sy thay ddi khi
lda nhim ndm M.

oryzae

osa-miR827 Gic
ché gen dich 1a
OsSPX-MFS1 va
OsSPX-MFS2.
osa-miR827 duogc
kich thich rét
manh khi laa
thiéu Phosphate &

choi va ré.

Mic d6 biéu hién
cua osa-miR827

¢6 sy thay doi khi
laa nhidm ndm M.

oryzae.

(Campo va
ctv., 2013;
Nosaka va
ctv., 2012;
Tang va

Chu, 2017)

(Campo va
ctv., 2013;
Lin va ctv.,

2018)



32 osa-

miR1319

33 osa-

miR1320

34 osa-

miR1423

24 nu

21 nu

21,24 nu

140

Gen DHX36
(LOC 0s03g5376
0)

Gen LTPL6
(LOC Osl10g0572
0)

Ethylene-
responsive
transcription
factor

(LOC Osl10g4133
0);

ANTHOCYANIDI
N 3-0O-
glucosyltransferas

e

Expressed protein

(LOC_0s11g2854
0);

Heat shock
protein DnaJ 34

(LOC_0s06g0956
0)

EF hand family
protein

(Os06g01205)

Miic d6 biéu hién
cua osa-miR1319
¢6 sy thay doi khi
laa nhiém nidm M.

oryzae

Biéu hién ting
osa-miR1320 1am
tang kha nang
khang ndm M.
oryzae & lua
thong qua osa-

miR168

osa-miR1423 ic
ché gen dich EF
hand, tir 36 tac
dong dén viec
truyén tin hi¢u

Canxi

Mic d6 biéu hién
cua osa-miR1423
¢6 su thay ddi khi
1Ga nhidm nidm M.

oryzae

(Campo va
ctv., 2013;
Liva ctv.,

2019b)

(Liva ctv.,
2014; Wang
va ctv.,
2021a;
Wang va
ctv., 2018)

(Baldrich va
ctv.., 2015;
Liva ctv.,
2019b; Wu
va ctv.,

2009)



35 osa-

miR1425

36 osa-

miR1427

37 osa-

miR1430

38 osa-

miR1433

21 nu

21 nu

21 nu

21 nu

141

Rf4 mitochondrial
precursor

(LOC Os10g3524
0); Rf6
mitochondrial
precursor

(LOC Os10g3543
6);

Glyoxylase
protein family

gene

YGLS
(LOC_0s01g1717
0)

ASYMMETRIC
LEAVES 2
(LOC_0s05g3445
0);

myb/SANT
domain

protein

(LOC 0s03g1379
0)

NAD dependent
epimerase/dehydr

osa-miR1425 uc
ché gen dich GLY
(Glyoxylase
gene): c6 vai trd
giai doc t6
methylglyoxal
(MG) thanh D-
lactate & cay

trong.

Miic d6 biéu hién
cua osa-miR1425
¢6 sy thay d6i khi
1Ga nhim nidm M.

oryzae

Mtre d6 biéu hién
cua osa-miR1427
¢6 sy thay ddi khi
lda nhim ndm M.

oryzae

Mre do biéu hién
cua osa-miR1430
¢6 su bién dbi khi
laa nhiém ndm M.

oryzae

Mre do biéu hién
cua osa-miR1433

co su thay dbi khi

(Baldrich va
ctv.., 2015;
Campo va
ctv., 2013;
Li va ctv.,

2014)

(Campo va
ctv., 2013;
Livactv.,
2019b;
Salvador-
Guirao va

ctv., 2018)

(Campo va
ctv., 2013;
Liva ctv.,

2016b)

(Livactv.,

2014)



39 osa-

miR1437

40 osa-

miR1846

21,2224

nu

20,21,22

nu

3

3

142

atase family

protein

(LOC 0s09g1542
0):

Retrotransposon
protein

(LOC Os04g1764
0)

(dy doan)

Ubiquitin
carboxyl-terminal
hydrolase domain
containing protein
(LOC 0s06g0184
300);

FAD2-1

(LOC_0s02g4856
0)

Expression
protein

(LOC 0s08g1035
0);

Anther-specific
prolinerich
protein

(LOC _0s02g1887
0);

Nhan tb phién ma
c6 chtra domain
Zinc-finger, C3Hy
type

lta nhiém nam M.

oryzae

Miic d6 biéu hién
cua osa-miR1437
¢6 sy bién d6i khi
1ta nhim nidm M.

oryzae

osa-miR1846
tham gia diéu hoa
tin hi€u ethylen
thong qua su tac
dong dén gen
ACO
(Aminocycloprop
anecarboxylate

oxidase)

Mic d6 biéu hién
cua osa-miR1846
¢6 sy thay doi khi
1Ga nhidm nidm M.

oryzae

(Campo va
ctv., 2013;
Li va ctv.,

2019b)

(Baldrich va
ctv., 2015;
Liva ctv.,
2019b;
Panigrahi va

ctv., 2021)



41 osa-

miR1847

42 osa-

miR1850

43 osa-

miR1861

20,24 nu

21,22 nu

22 nu

143

AGO4b
(LOC_Os04g0677
0)

Pectinesterase
inhibitor domain
(LOC Os08g0465
0);

RDR2
(LOC_Os04g391
60.1)

NB-ARC

(Os07g29820-like
protein)

Starch binding
domain
containing protein
(LOC Os01g6381
0);

ATP binding
protein

(LOC_0s05g5179
)

Gen Glyoxalase

T4 hop osa-
miR1847/AGO4
diéu chinh qua
trinh sinh tong

hop he-siRNA

Mre d6 biéu hién
cua osa-miR1847
¢6 sy thay ddi khi
laa nhiém nidm

M.orzyae

osa-miR1850 va
osa-miR818 cung
tac dong dén gen
RDR? trong qua
trinh sinh tong

hop hc-siRNA.

Miic d6 biéu hién
cua osa-miR1850
¢6 sy thay ddi khi
laa nhiém nidm M.

oryzae

Biéu hién ting
osa-miR1861 1am
tang kha nang
chdng chiu arsen

6 lua.

Mic d6 biéu hién
cua osa-miR1861
¢6 su thay ddi khi
1Ga nhidm nidm M.

oryzae

(Baldrich va
ctv., 2015;
Liva ctv.,

2016b)

(Campo va
ctv., 2013;
Li va ctv.,

2016b)

(Baldrich va
ctv., 2015;
Livactv.,
2014; Li va
ctv., 2016b)



44 osa-

miR1862

45 osa-

miR1863

46 osa-

miR1865

47 osa-

miR1867

48 osa-

miR1871

20,24 nu

23,24 nu

24 nu

24 nu

24 nu

144

(LOC_0s05g2297
0.1)

SART-1 family
protein

(LOC 0s02g3073
0)

Protein du doan
(LOC 0s05g1380
9)

Aspartate
aminotransferase
(LOC Os02g1411
0)

tRNA
methyltransferase
(LOC Os10g3055
0)

Ribosomal protein
L74e
(LOC 0s09¢3297

6)

Miic d6 biéu hién
cua osa-miR1862
¢6 sy thay doi khi
laa nhidm nidm M.

oryzae

Miic d6 biéu hién
cua osa-miR1863
¢6 sy thay ddi khi
laa nhiém nidm M.

oryzae

Mre d6 biéu hién
cua osa-miR1865
¢6 sy thay doi khi
laa nhiém ndm M.

oryzae

Murc d0 cua osa-
miR1867 co su
thay d6i khi laa
nhiém nim M.

oryzae

Mc d6 biéu hién
cua osa-miR1871

¢6 su thay ddi khi

(Campo va
ctv., 2013;
Li va ctv.,

2016b)

(Campo va
ctv., 2013;
Li va ctv.,

2019b)

(Campo va

ctv., 2013)

(Liva ctv.,

2019b)

(Liva
ctv.,2014;
Liva ctv.,

2019b)
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50

51

52

osa-

miR1873

osa-

miR1874

osa-

miR1876

osa-

miR1879

24 nu

24 nu

24 nu

24 nu
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LOC_0s05g0179
0

LOC_0s08g2966
0

Expression
protein

(LOC _0s02g2095
0)

Esterase/lipase/th

ioesterase

(LOC_0s02g3120
0)

Catalase isozyme
B

(LOC Os06g5115
0)

lta nhiém nam M.

oryzae

Miic d6 biéu hién ~ (Zhou va
cua osa-miR1873  ctv.,2020)
tang lam gidm kha

ning khang nim

M. oryzae 6 lua

thong qua sy trc

ché cac gen khang

va giam nong do

H,0;

osa-miR1873 can
bang gitra kha
ning khang nim
M. oryzae va san

lugng lua.

Mirc d6 biéu hién  (Li va ctv.,
cua osa-miR1874 | 2019b)

¢6 sy thay ddi khi

1Ga nhim nidm M.

oryzae

Mre do biéu hién (Campo va
cua osa-miR1876  ctv., 2013;
¢6 su thay dbi khi  Li va ctv.,
laa nhi8m ndm M.  2019b)

oryzae

Mirc d6 biéu hién  (Campo va
cua osa-miR1879 | ctv., 2013;
¢6 su thay d6i khi  Li va ctv.,
laa nhiém ndm M.  2019b)

oryzae
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54

55

56

57

osa-

miR1882

osa-

miR2871

osa-

miR2873

osa-

miR2878

osa-

miR5150

24 nu

21 nu

21,24 nu

24 nu

24 nu
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ABC transporter,
ATP-binding
protein

(LOC Os11g3902
0)

GLYcosyltransfer
ase family 43
protein

(LOC _0Os10g1381
0); Zinc finger

domain

C3HC4 yype,
domain

containing TF

TKL IRAK_CrRL
KIL 1.4
(LOC_0s01g0628
0)

Plastocyanin-like
domain
containing protein
(LOC Os08g3767
0)

Receptor-like
protein kinase 2
precursor

(LOC Os01g7026
0)

Miic d6 biéu hién
cua osa-miR1882
¢6 sy thay dbi khi
laa nhidm nidm M.

oryzae

Mtre d6 biéu hién
cua osa-miR2871
¢6 sy thay d6i khi
lta nhidm ndm M.

oryzae

Mtre do biéu hién
cua osa-miR2873
¢6 sy thay ddi khi
laa nhim nim M.

oryzae

Murc d6 biéu hién
cua osa-miR2878
¢6 sy thay doi khi
laa nhidm nim M.

oryzae

Mic d6 biéu hién
cua osa-miR5150
¢6 su thay ddi khi
1Ga nhidm nidm M.

oryzae

(Baldrich va
ctv., 2015;
Campo va

ctv., 2013)

(Baldrich va
ctv., 2015;
Li va ctv.,

2019b).

(Liva ctv.,

2019b)

(Liva ctv.,

2019b)

(Li va ctv.,

2019b)



58 osa-

miR5153

59 osa-

miR5794

60 osa-

miR7695

24 nu

21 nu

21,24 nu
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NHX1
(LOC 0s07g4710
0);

Chloroplast
ribonuclease 111
domain

protein

(LOC _Os01g5951
0)

Rapid
ALkalinization
Factorl4
(RALF14)

(LOC Os11g268
80);

RALF4

(LOC Os12g3567
0)

OsNramp6

(LOC Os01g3187

Miic d6 biéu hién
cua osa-miR5153
¢6 sy thay dbi khi
laa nhidm nidm M.

oryzae

Mirc d9 biéu hién
cua osa-miR5794
giam & mau co
bong lta nhiém

nam M. oryzae

Biéu hién cua
o0sa-miR7695 tang
lam tang kha nang
khang nam
M.oryze & lha
thong qua su tc
ché gen

OsNrampb.

(Livactv.,
2019b;
Wang va
ctv., 2018)

(Liva ctv.,
2016b;

Mabhesh va
ctv., 2021)

(Campo va
ctv., 2013;
Quoc va

ctv., 2019)
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Phu luc 2. Quy trinh ly trich DNA, RNA tdng s6 va PCR béng primer Pot2
2.1. Quy trinh ly trich DNA va dinh danh ndm bang primer Pot2

DNA dugc chiét xuit va tinh sach tir cdc mau nAm gay bénh dao 6n va nam
gy bénh khac trén lua dung lam ddi chimg. Cho khoang 100 mg bt soi nam sau khi
nghién trong nito 16ng vao ng eppendorf 1,5 ml. B6 sung 700uL dung dich lysis
buffer (50mM Tris HCI + 50mM EDTA +3% SDS+ 1% B-mercaptoethanol) vao ng,
1 qua dém & nhiét d6 65°C. Ong dung mau duoc ly tim 13,000 vong/phut trong thoi
gian 10 phat. Thu hdi phan dung dich phia trén cho vao trong éng eppendorf 1,5 ml
moi va loai bo phﬁn can. Cac tap chit cua mau chiét xuat duge loai bo bé‘mg cach
thém 700 pl phenol:chloroform:isoamyl alcohol (25:24:1 v/v/v), lic déu éng va ly
tam voi van toc 13,000 vong/phit trong thoi gian 10 phut. Phan dich ndi thu duoc
tiép tuc rira bang chloroform theo ty 1¢ thé tich (1:1 v/v) va ly tdm véi cling thong s6
nhu cac budc trén. Lang tia DNA bang phuong phép ethanol (cho ty 18 1/10 thé tich
mau DNA béang dung dich 3M sodium acetate, pH 5.2 va 3 1an thé tich mau DNA
bang dung dich 100% ethanol, sau 6 1 miu & -20°C trong 2 tiéng dong ho va ly tim
& téc do 15,000 vong/phut trong thdi gian 20 phat). Loai bo dung dich phia trén va
rira két tiia bang ethanol 70%, ly tim mau & toc d6 15,000 vong/phut trong thoi gian
5 phut, loai bo dung dich phia trén, lam khé cdn va hoa tan DNA béng 100ul TE
buffer. DNA ctia cac miu nam bénh duoc chay dién di kiém tra trude khi thyc hién
phan tng PCR. DNA cta méu 14, c6 bong lta nhidm dao 6n duoc ly trich bang
GenelET Plant Genomic DNA purification kit (Cat#K0791, Thermo) theo huéng dan

cua nha san xuat.

Trinh tg doan primer trong nghién citu nay (Pot2-F: 5’
CGTCACACGTTCTTCAACC 3’va Pot2-R: 5> CGTTTCACGCTTCTCCG 3°)
duogc st dung dé khuéch dai mot vung c6 chiéu dai 687 bp cua Pot2 transposon. Phan
trmg PCR duoc thyc hién trong 50p1 hdn hop phan img/mau véi DNA Taq polymerase
(Cat#200403, Qiagen) va genomic DNA tir cac mau nam va 14, ¢ bong nhiém dao
6n thong qua may khuéch dai DNA (Model Nexus Cycler, Eppendorf). Thanh phan
phan tng PCR nhu sau (25 pl Toptaq Master Mix; 0,2 uM cho mdi primer, < 1 pg
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mau DNA va diéu chinh bang nudc cat di khir tring sach RNase/DNase 1én dén 50

ul). Chu trinh phan tmg PCR dugc thuc hién nhu sau:
Budc 1 khéi dau: 94 °C trong 3 phut;
Budc 2 bién tinh: 94 °C trong 30 gidy;
Budc 3 gin primer: 53 °C trong 30 gidy;

Budc 4 kéo dai: 72 °C trong 1 phut trong 40 chu ki

Budc kéo dai cudi cung: 72 °C trong 10 phut. Dimg phan tng va giit miu ¢

nhiét o 1a 4 °C. San phém PCR duoc nhuém bﬁng thuéc nhuém DNA (Cat# PCR-

255-bl, Jena Bioscience) va dugc dién di trong 1% gel agarose. Cac vach DNA trén

gel duoc quan sat dudi dén UV bang may chup anh gel chuyén dung (UVP Biodoc-

It Imaging system, Hoa Ky). Cac vach DNA cua san pham PCR mong doi sé duoc
tinh sach bang GeneJET Gel Extraction Kit (Cat#K0691, Thermo) va dugc giri giai

trinh ty dé xac dinh nam gy bénh dao 6n va 14 nhiém bénh biang cac cong cu tin sinh

hoc nhu BLAST.

2.2. Quy trinh ly trich RNA tong s

1. Cat nho 1g mau 14 cho vao Eppendorf 1.5 ml

2. Thém 1ml Trizol reagent va nghién mau

U dong 10 phut

3. Thém 200ul chloroform u dong 10 phut, va ly tdam 10.000
vong/ 10 phut

khiét cia RNA bang may NanoDrop™ 1000

4. Hat dich ndi chuyén sang Eppendorf 1.5 ml méi. Thém U qua dém
600l isopropanol va cho két tia ¢ -20 °C

5. Ly tam 10.000 vong/ 20 phut va lay phan két tia

6. Do bod dich néi, rira bang diethyl pyrocarbonate (DEPC) Pé kho 45 phut &
ethanol 2 lan (ton khoang 1000pul) va ly tdm 10.000 nhiét do phong
vong/phut trong 20 phut.

7. Thém 100ul nudc khong chira nuclease va do mue do tinh | Trit dong
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2.3. Kiém tra chat lugng RNA tong s6

Sau khi ly trich, RNA duoc kiém tra néng do va do tinh sach dua trén ty 1€ hép
thu & budc séng 260nm va 280nm (A260/280) bang may NanoDrop™, nham dam
bao chit lwong RNA va diéu chinh cho phu hop véi ting phan tng PCR. Théng
thuong ty 16 A(260/280) ctia RNA tinh khiét 12 ~ 2.0 (Thermo Scientific, USA)

Bang 2.2 — Két qua do ty 18 A(260/280) cua cac giéng lta thi nghiém

STT | Tén giong A(260/280)
1 ST5 2.034
2 Caroline gold 2.041
3 RVT 1.999
4 OMS8017 2.031
5 OM5451 2.095
6 IR50404 2.96
7 OM2517 1.989
8 OM6162 2.041
9 OM9582 2.087
10 | OM9921 2.887
11 Nang Hoa 9 2.036
12 | Jasmine85 1.996
13 | OM4900 1.998
14 | OM576 2428
15 | OM7347 2.194
16 | BCI15 1.989
17 | OM344 2.322
18 | OM4218 2.251
19 | OM6976 2.385
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2.4. Xir Iy RNA tong s6 v6i DNase I dé loai bo DNA dur thira.

Sau khi ly trich thi trong mau van con mot luong nhé genomic DNA, gy anh

hudng dén két qua phan tmg PCR, dan dén duong tinh gia. Do vy, miu RNA tong

s6 can duoc xur 1y vo1 DNase 1 dé loai bo cac DNA thira. Chung t61 st dung bo kit

RTS DNaseTM chtra enzyme DNase I c6 hoat do cao, bén & nhiét do phong. Sau do

DNase I con soét lai s€ duge xtr Iy vo1 (EDTA + nhiét) dé chuan bi mau RNA tinh

sach cho phan tmg RT-PCR va tong hgp cDNA.

Cac budc tién hanh nhu sau:

1. Cho mot lugng dung dich chira trong duong 1pg RNA
tong vao trong dung dich dém phan ing DNasel 1X

Tong thé tich dat
duogc: 50 uL

2. Thém 2 don vi ciia DNase I (200 U/ml, gan bang 1ul)

3. Tron hon hop, 1 ¢ 37 °C trong 10 phut

4. Thém 1pul EDTA 0.5M d¢é bat hoat DNase I

5. Bat hoat DNase I ¢ 75 °C trong 10 phut

Bang 2.3 - S liéu do OD va xtr Iy DNase I cuia cac giong laa thi nghiém

Do OD Xu ly DNase [
, Trung
STT | X | Ten gié ; ; s | binh Nong
hidu | ~CME8ONE | 1An | Lin | Lan ( 17 N RNA | DNasel | =
' 1 2 3 | (hg/m 1) | buffer(ul ;
() (ul) (ug/ul)
1 Rice | OM6976 | 475 |4783 476,7 2,6 |474 0,025
1
2 | Rice |OM2517 |206,6 |206,1 2064 [6,1 43,9 0,025
2
3 |Rice | Carolina | 349.4 | 350,6 350 3.6 |464 0,025
3 Gold
4 |Rice |OM8017 |186,8]163,2[172 1739 |72 |428 0,025
4
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5 Rice | OM7347 124,8 | 137,8 131,3 9,5 40,5 0,025
5

6 Rice | OM5451 | 273,7 | 265,8 269,8 4,6 |454 0,025
6

7 Rice | OM344 131 129,9 130,5 9,6 |40,4 0,025
7

8 Rice | OM9582 | 227,51249,9 248 | 241,7 |52 |4438 0,025
8

9 Rice | OM4218 | 348,1 | 342.6 3454 3,6 |464 0,025
9

10 | Rice | Nang Hoa | 329,9 | 385,7 357.8 3,5 46,5 0,025
10 |9

11 Rice | OM4900 |237.4 |228,1 232,8 54 | 44,6 0,025
11

12 | Rice | OM9921 165,2 | 175 170,1 7,3 42,7 0,025
12

13 | Rice | BC15 137,3 | 136,2 136,8 9,1 40,9 0,025
13

14 | Rice | Jasmine 240,7 | 263,6 2522 5 45 0,025
14 |85

15 | Rice | T¢ tép 401,5 | 398,3 3999 |3,1 46,9 0,025
15

16 | Rice | ST5 249 | 2451 247,3 5,1 44,9 0,025
16

17 | Rice | OM6162 |496 |543,6 519.8 |24 476 0,025
17

18 | Rice | Kushikiara | 65,5 | 67,44 66,5 18,8 | 31,2 0,025
18

19 | Rice | Non- 60,2 |59,6 59,9 20,9 | 29,1 0,025
19 | GMO

20 | Rice | J-short 60,2 |59,6 59,9 20,9 | 29,1 0,025

20




153

Phu luc 3. Quy trinh kiém tra sy hién dién cta osa-miR7695 & cac gidng laa thi
nghiém

3.1. Tong hop cDNA tir RNA tong s bang k¥ thuat RT- PCR sir dung oligodT
Trudce khi thyc hién phan img Nested RT-PCR dé kiém tra su hién dién cia

osa-miR7695, phan trt RNA can duogc chuyén thanh cDNA

Bang 3.1.1 - Céc thanh phan hoa chit tong hop cDNA

Thanh phan Thé tich
5X Buffer 4ul
Enzyme Reverse transcriptase Tul
RNA (1pg) 10ul
Water- DEPC treated Sul
Tong thé tich 20ul

Bang 3.1.2 - Chu trinh nhiét tong hop ¢cDNA (Bioline, UK)

Nhiét do Thoi gian
Bit cap (Primer 25°C 10 phut
annealing)
Phién ma nguoc (Reverse 42 °C 15 phut
transcription)
Bit hoat phan Ung 85 °C 5 phuat
(Inactivation)

Sau khi tong hop cDNA hoan tat, pha lodng v6i 10 mM Tris-HCI va 0.1 mM
EDTA véi ty 1 1:1, d&é bao quan mau.

3.2. Kiém tra sy hién dién ctia phan tir precursor osa-miR7695 (487 bp) trén cac giong

laa.
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Sau khi d3 dat duoc quy trinh ti wu ctia phan tng Nested RT-PCR, chung toi
tién hanh thue hién kiém tra su hién dién ctia phan tir precursor osa-miR7695 trén cac
gidng lua thi nghiém.

Thanh phan phan tng Nested PCR gém c6: ¢cDNA (da tong hop); 02 cip
primer (P1, P2) va (P3, P4); dANTP (dATP, dTTP, dGTP, dCTP); Enzyme DNA
polymerase chiu nhiét; MgCL ; Dung dich dém; Nudc cit; Taqg DNA polymerase.

Chu trinh nhiét phan tng Nested PCR: gdm 3 budc chinh va duoc lap lai 35 chu ky
1. Bién tinh (Denaturation): 92-96 °C

2. Bit cap (Annealing): 45-55 °C Lap lai 35 chu ky.

3. Kéo dai (Extension): 72 °C

Sau khi phan tng PCR két thuc, 1dy san pham Nested PCR dién di kiém tra

trén gel agarose 1,5%.
3.3. Dién di trén gel agarose

San pham sau khi chay phan tng Nested PCR dugc tién hanh dién di trén gel
agarose nham phan tach cac phan tir cDNA theo kich thudc dudi tac dung cua dién
truong, dé tir d6 co thé xac dinh dugc kich thudc cua san pham precursor osa-
miR7695 ¢6 dung véi két qua da du kién (487 bp).

Cac buoc thuc hién:
Budc 1: D6 gel

- Can 1g agarose cho vao binh tam gidc vdi 100ml dung dich dém TBE 0,5X,
l4c nhe cho agarose hoa 1an dung dich dém.

- Bét binh tam giac vao 10 vi song dun khoang 1-2 phuat. Dung dich trong sé1
1én va thanh mau trang trong.

- LAy binh tam gi4c ra, doi 15 phut, so thdy vira nong (60 °C) thi d6 dung

dich vao khuon dién di. Khoang 45 phut thi agarose dac lai, c6 mau trrfmg duc.
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Budc 2. Chay gel

- Léy luoc ra, dat khudn vao bé dién di, han ché tac dong dén gel.

- Thém dung dich dém dién di phu mat gel khoang 3-5 mm.

- Tru6c khi bom mau vao giéng gel dién di can tron déu miu voi dung dich
nhudém mau theo ti 18 1 : 5 (1 phan dung dich tai, 5 phan mau) sau d6 dung
micropipette hut khoang 10 — 20 ul dung dich mau vao giéng. Giéng dau tién bom
thang do (ladder) 1kb.

- Khéi dong ngu6n dién, chinh dén 50 Volt, va nhan nat Run.

- Mau duoc chay khoang 25 - 30 phut khi nhin thiy vach dung dich tai mau
chay dén gan cubi ban gel thi dung lai, iy khuon dién di ra.

Budc 3. Xem gel dudi den UV.

Buéc 4. Poc két qua dya trén thang do (ladder 1kb) dé xac dinh kich thudc cia san
pham Nested PCR.

Két qua cho thay co sy hién dién ctia phan tir precursor osa-miR7695 trén tat ca cac
giong lua thi nghiém

78 9 101112 13 1415 16 1 18 19 20

L 1 X ¥ ¥ B 3 1 ¥ B N N J 3% 1 B N N B _J
25

Hinh 3.3.1 - Két qua dién di PCR1 sir dung cap doan primer (P1,P2)
(1): STS; (2): Carolina Gold; (3): RVT; (4): OMS8017; (5): OM5451; (6): IR50404;
(7): OM2517; (8): OM6162; (9): OM9528; (10): OM9921; (11): Nang Hoa 9; (12):
Jasmine85; (13): OM4900; (14): OM576; (15): OM7347; (16): BC15; (17):
OM344; (18): OM4218; (19): OM6976; (20): J-short
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5 92 1011 12 13 14 15 16 17 18 1% 20

1000bp

41;[]}_-;.1-. Ld A & 3 ¥ 8 2 I T § 1 R B N B BB B

+

Hinh 3.3.2 - Két qua dién di PCR2 sir dung cip primer (P3,P4)

(1): ST5; (2): Carolina Gold; (3): RVT; (4): OM8017; (5): OM5451; (6): IR50404;
(7): OM2517; (8): OM6162; (9): OM9528; (10): OM9921; (11): Nang Hoa 9; (12):
Jasmine85; (13): OM4900; (14): OMS576; (15): OM7347; (16): BC15; (17):
OM344; (18): OM4218; (19): OM6976; (20): J-short, ddi chimg

3.4. Giai trinh tu ctia san pham Nested RT-PCR

Pé kiém tra trinh tu cta san phadm nested RT-PCR c6 dung véi trinh tir cia
precursor osa-miR7695 da duoc cong bd trén miRBase. Chung tdi tién hanh nhan
dong san pham cua nested RT-PCR vao té bao E.coli DH5a va giai trinh ty. Sau d6
chiing t6i dung cong cu BLAST dé kiém tra trinh tw. Cac budc dugc tién hanh nhu
sau: RNA tong (Total RNA) dugc phién mi nguoc thainh cDNA bang kit SensiFAST
cDNA Synthesis (Bioline, UK) (Quoc va ctv., 2019). San pham sau khi chay Nested
RT-PCR cua phan tir precursor osa-miR7695 dugc nhan dong (clone) vao trong
vector pJETI.2 va chuyén vao té bao E.coli DH5a bing phuong phap sdc nhiét
(Thermo Fisher Scientific, USA). Nhitng dong duong tinh (positive clones) dugc
chon lya va kiém tra bing phuong phap PCR véi doan primer LpJETI.2F
(5’CTGCTTTAACACTTGTGCCTGA 3) va LpJETI.2R 5
TTCCTGATGAGGTGGTTAGCAT 3’). Cac doan chén dugc giai trinh tyu tai cong
ty First Base, Malaysia. So sanh trinh tu ctia cic doan chén bang cong cu BLAST véi
co ¢ dit liéu miRBase. Két qua cho thiy trinh tir san phim nested RT-PCR khép véi

trinh tu precursor osa-miR7695 di duoc cong bd. Ching t6, phan tir precursor osa-
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miR7695 hién dién trén tit ca cac gidng lua thi nghiém (hau hét déu 1a giéng lua
indica)

LpJET1.2F

T7 promoter

Insert start from position 372

pJETI1.2
2974bp

LpJET1.2R

Ampicillin

rep(pMB1)

Hinh 3.4.1 - Vector pJETI.2 chita doan gen chen

Phu luc 4. Quy trinh phén tich mirc d9 biéu hién ctia osa-miR7695, OsNramp6.8
bang k¥ thuat qPCR

4.1. Thiét ké cac cip primer

Tén doan moi Trinh tw Tai liéu
(Primer) tham
khao

qPCR-OsUbil-F | 5> CACCTTGGCTGACTACAACATCCA 3’
qPCR-OsUbil-R | 5> TGCTTACCAGCAAAGATCAGACGC 3’

Osa-miR7695-F | 5> CGCGGATCCCACCGCCTGTAAAGAG C‘ampo
GAGATGT 3’ vae,

Osa-miR7695-R | 5> CGCCCCGGGCGTTTTTGGGGTCACTACT 2013
GGA 3

OsNramp6.8-F | 5> GCTACTCCACATCCCTTTCTG 3’
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OsNramp6.8-R | 5> GCAGAGAAAAATTCTTACCCCATA 3’

Theo nghién ctru trude cia Campo va ctv. (2013) phan tir osa-miR7695 c6 gen
dich 14 OsNramp6, cu thé 13 bién thé phién md OsNramp6.8 (s-Nramp6). Do viy,
trong nghién ctru ndy, ching toi tién hanh xac dinh mtc do biéu hién cua osa-
miR7695 va gen OsNramp6 trén cic giéng lua thi nghiém. Trong nghién ciru nay,
chung t6i sir dung phuong phap dinh lugng twong ddi (Schmittgen va ctv., 2008) str
dung gen d6i chitng nd6i OsUbil. Két qua nghién ctru s& gop phan tao dung hd so biéu
hién ctia osa-miR7695 trén cac gidng laa trong tai Viét Nam, tir d6 c6 thé ung dung
cho cong tac lai tao giong la chong chiu lai nAm gdy bénh dao 6n M. oryzae trén cac
gidng l0a trong tai Viét Nam.

4.2. Thuc hién phan tmg qPCR

Quy trinh Real-time PCR dugc thuc hién theo kit SensiFAST SYBR No-ROX

cua hang Bioline.

Béng 4.2.1 - Thanh phan phan tng Real-time PCR

Hoéa chat Thé tich
2x SensiFAST SYBR No-ROX mix 10 pl
Primer xu6i (10 uM) I ul
Primer ngugc (10 uM) 1 ul
cDNA (pha lodng 10 l1an v&i Tris- 2ul

HCL:EDTA=1:1)

Nudce 2ul
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Bang 4.2.2 - Chu trinh nhiét cho phan tng qPCR, x4c dinh mtrc d6 biéu hién cua
osa-miR7695 va OsNramp6

Giai doan Nhiét do Thoi gian Chu ky
Tién bién tinh 95 °C 2 phut 1
Bién tinh 95 °C 5 giay 40
Bit cip 60-65 °C 10 giay 40
Kéo dai 72 °C 5-20 gidy 40

4.3. Két qua qPCR ddi véi mirc do biéu hién cua osa-miR7695, OsNramp®,

trén cac giong lta thi nghiém.

OsUbil

Pos. MNote Sample SYBR Green | Type Cq +

1 M -ciin cory-12 B raget 1 [u] 3096 v
2 B octin cory-19 H rarget 2 [u] 30.78 v
3 Ml osbillrice 34 Bragetz [Vl 45 v
&4 - osbill-rice 35 . Target 4 IEI 35.1 v
=] - miR76895-rice 34 . Target 5 IEI 3459 «
=] I:I miR7695-rice 35 D Target 6 IEI 33.35 «
i - 6.04-rice 34 . Target 7 IEI 34.01 v
8 D 6.04-rice 35 I:I Target 8 EI 3245
<) -E.GB-rice 34 -TE.':rgta't‘QI EI 35.41 v
10 - 6.08-rice 35 . Target 10 IEI 33.54 W

Hinh 4.3.1 — Mtrc d6 biéu hién cta osa-miR 7695 va OsNramp6
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40000
35000
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=1 ]
e
225000
o
& 1
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220000+
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3
15000
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5000
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225 25 275 30 324 35 ra 4n
Chi =6 hép thu
.Phase - Cyeling (2) .Phase S Cyeling (2) .Phase S Cyeling (2) .Phase ;- Cyeling (2) .Phase - Cycling (2)
Position : 4 Position: 7 Position : 1 Position:12 Position: 9
Sample : RVT.0hr-1 Sample : Caraline.0hr-1 Sample : 5T5.0hr-1 Sample : BC15.0hr-3 Sample : Caroline.0hr-3
Ernase : cyeling (2) Eenase - cyeling (2) Wrhas: - cyeling (2) W rhase - cycling (2) Wrhase - cycling (2)
Fosition: 8 Fosition : 2 Fosition : 11 Position: 14 Position 10
Sample : Caroline.0hr-2 Sample : ST5.0hr-2 Sample : BC15.0hr-2 Sample : OM7 347 .0hr-2 Sample : BC15.0hr-1
.Phase :Cyeling (2) .Phase - Cyeling (2) .Phase : Cyeling (2) DPhase : Cycling (2) DPhase . Cycling (2)
Pasition: 15 Pasition : 16 Pasition : & Position 113 Position : 6
Sample ; OM7347.0hr-3 Sample ; Negative Sample : RVT.0hr-2 Sample ; OM7347.0hr-1 Sample : RVT.0hr-3
.Phase S Cyeling (2)
Pasition : 3

Sample : ST5.0hr-3
Hinh 4.3.2 — Mtic d¢ bi€u hién ctia osa-miR7695 trén cac giong lua ¢ thoi diém

Ohpi
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-Phase S Cyeling (2)
Fosition : 4
Sample : RVT.24hrs-1
-Phase cCyeling (2)
Paosition: 9
Sample : OME162.24hrs-3
-Phase s Cyeling (2)
Fosition: 14
Sample :Jasmine85.24hrs-2
-Phase CCyeling (2)
Fosition : &
Sample : RVT.24hrs-2

T T
25 275

-Phase S Cyeling (2)
FPosition : 7
Sample : OME162.24hrs-1
l:lPhase : Cyeling (2)
Position : 8
Sample : OME162.24hrs-2
-Phase c Cyeling (2)
Fosition : 10
Sample : NH9.24hrs-1
DPhase T Cyeling (2)
FPosition : 13
Sample ! Jasmine85.24hrs-1

-Phase CCyeling (2)
FPosition : 1

Sample : Te Tep.24hrs-1
-Phase cCyeling (2)

Position : 2

Sample : Te Tep.24hrs-2
-Phase s Cyeling (2)

Fosition: 15

Sample : Jasmine85.24hrs-3
DPhase CCyeling (2)

FPosition : &

Sample | RvT.24hrs-3

T 1
ar.s 40
Chi =8 hép thu
-Phase CCyeling (2)
Fosition 12
Sample : MH9.24hrs-3
-Phase c Cyeling (2)
Pasition : 11
Sample : MNH9.24hrs-2
-Phase s Cyeling (2)
Fosition : 16
Sample : Megative
-Phase CCyeling (2)
Fosition : 3
Sample : Te Tep.24hrs-3

Hinh 4.3.3 — Mirc d¢ biéu hién ctia osa-miR 7695 trén cac giong lta thi nghiém &

thoi diém 24 hpi.

-Phase cCyeling (2)
Fosition : 4
Sample : OMI582.48hrs-1
-Phase Cyeling (2)
FPosition: 8
Sample - Jasmine85 48hrs-3
-Phase cCyeling (2)
Fosition: 14
Sample : OM7T347 . 48hrs-2
-Phase CCyeling (2)
Fosition : 5
Sample : OM9582. 48hrs-2

T T
25

-Phase T Cyeling (2)

FPosition : 7

Sample : Jasmine85.48hrs-1
DPhase : Cycling (2)

Position : 8

Sample : Jasmine85. 48hrs-2
-Phase : Cyeling (2)

Position : 10

Sample : OM344 . 48hrs-1
l:lPhase : Cyeling (2)

Position 113

Sample : OM7 347 .48hrs-1

-Phase T Cyeling (2)
Fosition : 1
Sample : OME162.48hrs-1
-Phase Cyeling (2)
Position : 2
Sample : OMG162 48hrs-2
-Phase cCyeling (2)
Fosition: 15
Sample : OM7 347 48hrs-3
l:IPhase CCyeling (2)
Fosition : &
Sample : OM39582.48hrs-3

T T 1
375 40

Chi s6 hép thu

-Phase CCyeling (2)

Fosition: 12

Sample : OM344 . 48hrs-3
-Phase cCyeling (2)

Position : 11

Sample : OM344 48hrs-2
-Phase c Cyeling (2)

Fosition : 16

Sample : Megative
-Phase c Cyeling (2)

Fosition : 3

Sample : OMG162.48hrs-3

Hinh 4.3.4 — Mrc d6 biéu hién ctia osa-miR 7695 trén cac gidng lta thi nghiém &

thoi diém 48 hpi.
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-Phase cCycling (2)
Fosition : 4
Sample :Jasmine.72hrs-1
-Phase C Cyeling (2)
Position: 9
Sample : OMSTE.72hrs-3
-Phase : Cyeling (2)
Position: 14
Sample : OM4218.72hrs-2
-Phase s Cyeling (2)
Fosition : 5
Sample :Jasmine.72hrs-2

25 275

Ml Fhase : Cycling (@)
Position : 7
Sample : OM576.72hrs-1
l:lPhase : Cycling (2)
Position : 8
Sample : OMS76.72hrs-2
-F‘hase 1 Cycling (2)
Position 110
Sample : OM344.72hrs-1
l:lPhase : Cycling (2)
Position : 13
Sample : OM4218.72hrs-1

Ml rhase : cycling (2)
Fosition -1
Sample : OM3582.72hrs-1
-Phase : Cycling (2)
Position : 2
Sample : OMS582.72hrs-2
-Phase : Cycling (2)
Position 1 15
Sample : OM4218.72hrs-3
l:IPhase s Cycling (2)
Fosition : &

Sample : Jasmine.72hrs-3

1
35 375 40

Chi =8 hip tha

-Phase C Cycling (2)

Fosition: 12

Sample : OM344.72hrs-3
-Phase : Cycling (2)

FPosition : 11

Sample : OM344.72hrs-2
-Phase : Cycling (2)

Position : 16

Sample : Megative
-Phase c Cycling (2)

Fosition : 3

Sample : OMA582.72hrs-3

Hinh 4.3.5 — Mirc do biéu hién ctia osa-miR 7695 trén cac gidng lta thi nghiém &

thoi diém 72 hpi.
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-Phase cCyeling (2)
Fosition : 4
Sample : RVT.0hr-1
DPhase cCycling (2)
FPaosition : 8
Sample : Caroline.0hr-2
-Phase S Cycling (2)
Fosition: 15
Sample : OM7347 0hr-3

-Phase CCyeling (2)
Fosition: 3
Sample : ST5.0hr-3

-Phase cCyeling (2)
Fosition : 7
Sample : Caroline.0hr-1
-Phase cCyeling (2)
Pasition : 2
Sample : ST5.0hr-2
-Phase S Cyeling (2)
FPosition 1 16
Sample : Megative

-Phase cCyeling (2)
Fosition : 1
Sample : ST5.0hr-1
-Phase cCyeling (2)
Pasition: 11
Sample :BC15.0hr-2
-Phase CCyeling (2)
FPosition: &
Sample : RVT.0Ohr-2

-Phase c Cyeling (2)
Fosition 12
Sample : BC15.0hr-3
-Phase c Cyeling (2)
Position: 14
Sample : OM7347.0hr-2
l:IPhase C Cyeling (2)
Position 113
Sample : OM7347 0hr-1

1
35 375 40
Chi =0 hap thu
-Phase : Cyeling (2)
Fosition : 9
Sample : Caroline.0hr-3
-Phase : Cyeling (2)
Position:10
Sample : BC15.0hr-1
l:lPhase : Cycling (2)
FPosition : 6
Sample : RVT.0hr-3

Hinh 4.3.6 — Mrc d6 biéu hién ctia OsNramp6 trén cac gidng laa thi nghiém & thoi

diém Ohpi.
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-Phase cCyeling (2)
Fosition : 4
Sample : RVT.24hrs-1
-Phase cCyeling (2)
Fosition: &
Sample : OME162.24hrs-3
-Phase cCyeling (2)
Fosition: 14
Sample :Jasmine85.24hrs-2
-Phase cCyeling (2)
Fosition: &
Sample : RVT.24hrs-2

-Phase : Cycling (2)
Position : 7
Sample : OME162.24hrs-1
l:lPhase : Cycling (2)
Position : 8
Sample : OME162.24hrs-2
-Phase : Cycling (2)
Position 110
Sample : NH9.24hrs-1
l:lPhase : Cycling (2)
Position : 13

Sample : Jasmined5.24hrs-1

-Phase cCyeling (2)
FPosition : 1
Sample : Te Tep.24hrs-1
-Phase cCyeling (2)
Position : 2
Sample : Te Tep.24hrs-2
-Phase cCyeling (2)
FPosition 1 15

Sample : Jasmine85.24hrs-3

l:IPhase cCyeling (2)
FPosition : 6
Sample : RvWT.24hrs-3

3?|.5 4|0
Chi 26 hap thu
-Phase CCyeling (2)
FPosition 112
Sample : MH9.24hrs-3
-Phase CCyeling (2)
FPosition : 11
Sample : MH9.24hrs-2
-Phase CCyeling (2)
FPosition 1 16
Sample : Megative
-Phase CCyeling (2)
Fosition: 3
Sample : Te Tep.24hrs-3

Hinh 4.3.7 — Mrc d6 biéu hién ctia OsNramp6 trén cac gidng laa thi nghiém & thoi

diém 24 hpi.
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-Phase : Cyeling (2)
FPosition : 4
Sample : OM9582 48hrs-1
-Phase s Cyeling (2)
Fosition : 9
Sample - Jasmine85 48hrs-3
Phase : Cycling (2)
Fosition: 14
Sample : OM7347 48hrs-2
M Fhase : cycling (2
Fosition: 5
Sample : OMI582.48hrs-2

258 275

-F‘hase 1 Cycling (2)
Position : 7

Sample : Jasmine85.48hrs-1

l:lPhase : Cyeling (2)
Position : 8

Sample : Jasmine85 48hrs-2

Phase : Cycling (2)

Fosition : 10

Sample : OM344 48hrs-1
DPhase : Cycling (2)

Position 113

Sample : OM7347.48hrs-1

-Phase : Cycling (2)
Position : 1
Sample : OMG162.48hrs-1
-Phase s Cyeling (2)
Fosition: 2
Sample : OMG162 48hrs-2
Phase : Cycling (2)
Fosition 115
Sample : OM7347 48hrs-3
Eenase : cyeling (2)
Fosition : 6
Sample : OMI3582.48hrs-3

T 1
3r.a 40

Chi 56 hép thy
-Phase : Cycling (2)
Position: 12
Sample : OM344 . 48hrs-3
-Phase c Cyeling (2)
Fosition : 11
Sample : OM344 48hrs-2
Phase : Cycling (2)
Fosition : 16
Sample : Megative
M Fhase : cyeling (2)
Fosition: 3
Sample : OME162.48hrs-3

Hinh 4.3.8 Mirc do biéu hién ctia OsNramp6 trén cac gidng laa thi nghiém & thoi

diém 48 hpi.
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—
40
Chi =6 hép thu
-Phase CCyeling (2)
FPosition 112

-Phase CCyeling (2)
FPosition : 1

-F’hase T Cyeling (2)
Position : 7

-Phase CCyeling (2)
Fosition : 4

Sample : ST5.72hrs-1
-Phase cCyeling (2)

Fosition : 9

Sample : Caroline.72hrs-3
-Phase cCyeling (2)

Fosition: 14

Sample : OM5451 72hrs-2
-Phase s Cyeling (2)

Fosition : 5

Sample | ST5.72hrs-2

Sample : Caroline.72hrs-1
DPhase : Cycling (2)

FPosition : 8

Sample : Caroline.72hrs-2
-Phase : Cycling (2)

FPosition : 10

Sample : IR50404.72hrs-1
l:lPhase : Cyeling (2)

FPosition : 13

Sample : OM5451.72hrs-1

Sample : Te Tep.72hrs-1

-Phase cCyeling (2)
FPosition : 2

Sample : Te Tep.72hrs-2
-Phase : Cyeling (2)

FPosition: 15

Sample : OM5451.72hrs-3
l:IPhase s Cyeling (2)

FPosition : &

Sample : ST5.72hrs-3

Sample : IR50404.72hrs-3
-Phase : Cycling (2)

Fosition : 11

Sample : IR50404.72hrs-2
-Phase : Cycling (2)

Fosition: 16

Sample : Megative
-Phase s Cyeling (2)

Fosition : 3

Sample : Te Tep.72hrs-3

Hinh 4.3.9 — Murc d9 biéu hién ctia OsNramp6 trén cac giong lia thi nghiém & thoi

diém 72 hpi.
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Chi =8 hap thy
Ml Fhase : cycling ()
Fosition: 9
Sample : Caroline.0hr-3

Ml rhase : cycling ()

Ml rhase : cycling @
FPosition:12
Sample . BC15.0hr-3

Ml rhase : cycling )

MlFhase : cyeling @)
Fosition : 1
Sample : ST5.0hr-1

MlFhase : cycling @)

Ml ehase: cycling (2)
Fosition : 7
Sample : Caroline.0hr-1

Ernase : cyeling @

-Phase CCycling (2)
Fosition : 4
Sample : RVT.Ohr-1

DPhase CCyeling (2)

Position : 8

Sample : Caroline.0hr-2

Phase : Cycling (2)

FPosition: 15

Sample . OM7347.0hr-3
-Phase : Cyeling (2)

Fosition : 3

Sample : ST5.0hr-3

Position : 2
Sample . ST5.0hr-2
Phase : Cycling (2)
Position : 16
Sample : Megative

Position : 11

Sample : BC15.0hr-2
Phase : Cycling (2)
Position : 5

Sample . RVT.0hr-2

Position: 14

Sample . OM7347.0hr-2
FPhase : Cycling (2)

Fosition : 13

Sample : OM7347.0hr-1

Position 110
Sample : BC15.0hr-1
FPhase . Cycling (2)
Position : 6

Sample . RYT.0hr-3

Hinh 4.3.10 — Mirc d6 biéu hién ctia OsUbil trén cac gidng lta thi nghiém & thoi

diém Ohpi.
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M Fnase : cycling (2
Position : 4
Sample : RVT.24hrs-1
Phase : Cyeling (2)
Position : 9
Sample : OMB162.24hrs-3
Phase : Cyeling (2)
Position: 14
Sample : Jasminess.24hrs-2
Phase : Cyeling (2)
Position : 5
Sample : RVT.24hrs-2

T T
25 27.5

M Fhase : cycling @

Position : 7

Sample : OME162.24hrs-1
Phase : Cycling (2)
Position : 8

Sample : OME162.24hrs-2
Phase : Cycling (2)
Position : 10

Sample : NH9.24hrs-1
Phase : Cycling (2)
Position : 13

Sample : Jasmine85.24hrs-1

Ml Fhase : cycling @)

Fosition : 1

Sample : Te Tep.24hrs-1
FPhase : Cyeling (2)
Fosition: 2

Sample : Te Tep.24hrs-2
Fhase : Cycling (2)
Fosition: 15

Sample : Jasmine35.24hrs-3
Fhase : Cycling (2)
Fosition : &

Sample : RVT.24hrs-3

T 1
375 40

Chi =6 hép thu

M Fhase : cycling (2)

Fosition: 12

Sample : MH9.24hrs-3
Phase : Gyeling (2)
Fosition : 11

Sample : MH9.24hrs-2
Fhase : Cycling (2)
Fosition : 16

Sample : Megative
Fhase : Cycling (2)
Fosition : 3

Sample : Te Tep.24hrs-3

Hinh 4.3.11 — Mitc d9 biéu hién cia OsUbil trén cac giong lta thi nghiém & thoi
diém 24 hpi.
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-Phase cCyeling (2)
Fosition : 4
Sample : OMS582 . 48hrs-1
-Phase s Cyeling (2)
Fosition : 9
Sample : Jasmine25.48hrs-3
-Phase s Cyeling (2)
Fosition ;14
Sample : OM7347 48hrs-2
-Phase s Cyeling (2)
Fosition: 5
Sample : OMS582 48hrs-2

-Phase C Cyeling (2)

FPosition : 7
Sample : Jasmine85.48hrs-1

l:lPhase : Cyeling (2)

Fosition | 8
Sample : Jasmine85.48hrs-2

-Phase : Cyeling (2)

Fosition 110
Sample : OM344 48hrs-1

l:lPhase c Cyeling (2)

Fosition : 13
Sample : OM7347 48hrs-1

Phase : Cycling (2)
Fosition : 1
Sample : OME162.48hrs-1

-Phase s Cyeling (2)

=

Fosition : 2

Sample : OME162.48hrs-2
Phase : Cycling (2)
Fosition 115

Sample - OM7347 48hrs-3
Phase : Cycling (2)
Fosition : 6

Sample - OMS8582 48hrs-3

1
37.5 40
Chi =6 hép thu

-Phase cCyeling (2)

Fosition: 12
Sample : OM344 . 48hrs-3

-Phase s Cyeling (2)

Fosition : 11
Sample : OM344.48hrs-2

-Phase s Cyeling (2)

Fosition 1 16
Sample : Megative

-Phase s Cyeling (2)

Fosition : 3
Sample : OMB162 48hrs-3

Hinh 4.3.12 — Mitc d6 biéu hién ctia OsUbil trén cac gidng lta thi nghiém & thoi
diém 48 hpi.
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.Phase - Cyeling (2)
Position : 4
Sample : Jasmine.72hrs-1
B rnase - cycling (2)
Fosition: 9
Sample : OM5TE.72hrs-3
.Phase cCyeling (2)
Faosition: 14
Sample ; OM4218.72hrs-2
.Phase S Cyeling (2)
Fasition : &
Sample :Jasmine.72hrs-2

.Phase ;- Cycling (2)
Position : 7
Sample - OM&T6.72hrs-1
Erhase - cyeling (2)
Position : 8
Sample : OM576.72hrs-2
.Phase ;- Cyeling (2)
Position - 10
Sample ; OM344.72hrs-1
DF‘hase - Cyeling (2)
Position 013
Sample : OM4218.72hrs-1

.Phase S Cyeling (2)
Position : 1
Sample . OM3582.72hrs-1
Erhase - cycling (2)
Position : 2
Sample : OM3582.72hrs-2
.F'hase cCyeling (2)
Position: 15
Sample ; OM4218.72hrs-3
DPhase s Cyeling (2)
Position : &
Sample : Jasmine.72hrs-3

Chi 26 hap thu

.Phase - Cyeling (2)

Position : 12

Sample : OM344.72hrs-3
B ehase - cycling (2)

Fosition : 11

Sample : OM344.72hrs-2
.F'hase cCyeling (2)

Pasition . 16

Sample : Negative
.Phase - Cyeling (2)

Pasition : 3

Sample : OMA582.72hrs-3

Hinh 4.3.13— Mtic d6 biéu hién ctua OsUbil trén cac giéng lua thi nghiém & thoi
diém 72 hpi.

4.4. Két qua qPCR dbi véi mirc d6 biéu hién cta osa-miR169a trén cac giéng laa thi

nghiém.
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-Phase Cyeling (2)
FPosition : 4
Sample : Rice 3.0hr-1
-Phase D Cyeling (2)
Fosition : 9
Sample | Rice 6.0hr-3
-Phase Cyeling (2)
FPosition : 14
Sample : Rice 2. 0hr-2
-Phase D Cycling (2)
Fosition : 5
Sample  Rice 3.0hr-2

T T
25 27.5

Ml Frass - cycling ()
Fosition : 7
Sample : Rice 6.0hr-1
l:IPhase L Cycling (23
FPosition : 8
Sample . Rice §.0hr-2
Wl rhase - cycling (23
Fosition 110
Sample : Rice 7.0hr-1
l:IPhase L Cycling (2)
Fosition : 13
Sample . Rice 8.0hr-1

30 32.5

Wl rhase : cyeling (2
Fosition -1
Sample : Rice 1.0hr-1
-Phase D Cyeling (2)
Position : 2
Sample : Rice 1.0hr-2
Wl rhase : cyeling (2
Fosition 15
Sample : Rice 8.0hr-3
l:IPhase D Cycling (2)
Fosition : &
Sample : Rice 3.0hr-3

35 3?'.5 4'0
Chi s& hip thu
-Phase T Cyeling (2)
Position : 12
Sample : Rice 7.0hr-3
Bl rhase : Cycling (2)
FPosition : 11
Sample . Rice 7.0hr-2
-Phase T Cyeling (2)
Position : 16
Sample : Megative OsUbil
Bl Fhase : Cycling (2)
Fosition : 3
Sample . Rice 1.0hr-3

Hinh 4.4.1- Mirc d6 biéu hién ctia osa-miR169a trén cac giéng lua thi nghiém ¢

(53]
(=1
(=1
(=1
MR R

thoi diém Ohpi.

Wrnase : cycing (2)
FPasition : 4
Sample : Rice 3.24hrs-1
.Phase cCyeling (2)
Fasition : 9
Sample : Rice 6.24hrs-3
.Phase - Cyeling (2)
Fosition: 14
Sample : Rice 8.24hrs-2

W rnase - cycling (2)
Fosition: &
Sample : Rice 3.24hrs-2

Wrhase - cycling ()
Position . 7
Sample : Rice 6.24hrs-1
DPhase : Cyeling (2)
Position : 8
Sample : Rice 6.24hrs-2
.Phase ;- Cycling (2)
Position : 10
Sample : Rice 7.24hrs-1

Erhase - cyeling (2)
Position : 13
Sample : Rice 8.24hrs-1

W rhase - cycling (2)
Position - 1
Sample : Rice 1.24hrs-1
.Phase s Cyeling (2)
Position : 2
Sample : Rice 1.24hrs-2
.Phase S Cyeling (2)
Position: 15
Sample : Rice 8.24hrs-3
Ernase - cycling (2)
Position : 6
Sample : Rice 3.24hrs-3

35 375 40

Chi sé hép thu
B rhase - cycling (2)
Position 12

Sample : Rice 7.24hrs-3
.Phase cCyeling (2)

Pasition : 11

Sample : Rice 7.24hrs-2
.Phase - Cyeling (2)

Position : 16

Sample : Megative OsUbil
W rhase - cycling (2)

Position : 3

Sample : Rice 1.24hrs-3

Hinh 4.4.2— Mirc d6 biéu hién cta osa-miR169a trén cac giéng lua thi nghiém &

thoi diém 24 hpi.
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Chi s6 hép thu
-Phase cCyeling (2) -Phase : Cyeling (2) -Phase cCyeling (2) -Phase c Cyeling (2)
Fosition : 4 Fosition | 7 Fosition 1 Fosition 112
Sample : Rice 3.48hrs-1 Sample : Rice 6.48hrs-1 Sample : Rice 1.48hrs-1 Sample : Rice 7.48hrs-3
-Phase s Cyeling (2) l:lPhase : Cyeling (2) -Phase s Cyeling (2) -Phase s Cyeling (2)
Fosition : 9 FPosition : 8 FPosition : 2 Fosition : 11
Sample . Rice 6.48hrs-3 Sample ! Rice 6.48hrs-2 Sample  Rice 1.48hrs-2 Sample : Rice 7.48hrs-2
-Phase cCyeling (2) -Phase : Cycling (2) -Phase : Cyeling (2) -Phase : Cycling (2)
Fosition: 14 FPosition : 10 FPosition: 15 Fosition : 18
Sample : Rice 8.48hrs-2 Sample : Rice 7.48hrs-1 Sample : Rice 8.48hrs-3 Sample : Megative OsUbil
-Phase cCyeling (2) DPhase : Cycling (2) DPhase cCyeling (2) -Phase : Cycling (2)
Fosition: &5 Position 113 FPosition : 6 Position : 3
Sample : Rice 3.48hrs-2 Sample : Rice 8.48hrs-1 Sample : Rice 3.48hrs-3 Sample : Rice 1.48hrs-3

Hinh 4.4.3— Mtrc d6 biéu hién cta osa-miR169a trén cac giéng lua thi nghiém &

thoi diém 48 hpi.
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Chi s& hap thu
Mlrhase : Cycling () Wlrhase  cycling () WlFhase : cycling (2) Ml Fhase : cycling ()
Position : 4 Position : 7 Position : 1 Position : 12
Sample . Rice 32.72hrs-1 Sample : Rice 10.72hrs-1 Sample . Rice 1.72hrs-1 Sample . Rice 13.72hrs-3
Phase : Cyeling (2) l:lPhasE Cycling (2) -Phase Cyeling (2) -Phase - Cyeling (20
Fosition: 9 Position : 8 Fosition : 2 Fosition : 11
Sample : Rice 10.72hrs-3 Sample : Rice 10.72hrs-2 Sample : Rice 1.72hrs-2 Sample ! Rice 13.72hrs-2
-Phase cCyeling (2) -Phase c Cyeling (2) -Phase cCyeling (2) -Phase cCyeling (2)
Fosition: 14 Fosition : 10 Fosition 115 Fosition : 16
Sample : Rice 14.72hrs-2 Sample : Rice 13.72hrs-1 Sample : Rice 14.72hrs-3 Sample : Megative
-Phase D Cyeling (2) l:lPhase : Cyeling (2) l:IPhase Cyeling (2) -Phase CCyeling (2)
Fosition : & FPosition 113 Fosition : & Fosition : 3
Sample : Rice 3.72hrs-2 Sample : Rice 14.72hrs-1 Sample : Rice 3.72hrs-3 Sample : Rice 1.72hrs-3

Hinh 4.4.4— Mirc d6 biéu hién cta osa-miR169a trén cac giéng lua thi nghiém &

thoi diém 72 hpi.
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Phu luc 5. Quy trinh dinh lwong muc d6 biéu hién cua cac bién thé phién ma

OsNrampb.

Gen OsNramp6 bao gdbm 08 bién thé phién md (OsNramp6.l1 dén
OsNramp6.8) trong d6 OsNramp6.1 ¢6 trinh tir dai nhét, chira ddy du trinh ti phién
mi tir gen OsNramp6. Cac bién thé tiép theo c6 trinh ty ngin hon va bién thé
OsNramp6.8 c6 trinh ti ngan nhat. Cac nghién ciru trude ddy cho thy osa-miR 7695
tac dong dén su biéu hién cua bién thé phién ma OsNramp6.8 (s-Nramp6) (Campo
va ctv., 2013). Tuy nhién, hau hét cac nghién ctru trude ddy chi tién hanh so sanh trén
01 giong laa chong chiu va 01 gidng lta man cam voi ndm M. oryzae, ma chua trién
khai trén nhiéu giéng lGa ciing nhu cac giéng lta trong tai Viét Nam. Do vay, nghién
clru ciia chung t6i tién hanh dénh gia mirc d6 biéu hién cua cac bién thé phién ma
OsNramp6 dé tim hiéu va xay dung hd so vé mirc d6 biéu hién cta cac bién thé phién

ma trén 08 giéng lGa trong tai Viét Nam.

Céc budc ly trich RNA tong sd, tong hop cDNA, thuc hién phan tmg qPCR
turong ty nhu cic bude da tién hanh v6i osa-miR7695 phia trén. Mot sé bude khac

biét, ching t61 xin dugc trinh bay bén dudi.

5.1. Thiét ké cac cap primer

Tén doan moi Trinh tu Ti lidu
(Primer) tham
khao
qPCR-OsUbil-F 5" CACCTTGGCTGACTACAACATCCA 3° (Campo
qPCR-OsUbil-R 5" TGCTTACCAGCAAAGATCAGACGC ¥’ va ctv.,
2013)
OsNramp6.1 - F 5> GCAGCCTATATTGCTGCTCTG 3’ Trong
nghién
OsNramp6.1 - R 5" AATCTCACCAGAAACTGAATTGG 3° c?}u ciia
OsNramp6.23 -F | 5 CCATCGCATACCTTGATCCT 3’ ching
toi.
OsNramp6.23 -R | 5 CCCAAATAGGAGTACCCATAGC 3’
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OsNramp6.04 - F

5" TCTCCGGAATGAGAAAGTGC 3

OsNramp6.04 - R

5" AAGTACCACCAATGCTGCAA ¥’

OsNramp6.567 - F

5> AACTGTGTATGGTGTGGCCTTA 3’

OsNramp6.567 - R

5> AAATGTACCTGCATGATGTATTGG ¥’

OsNramp6.8 - F

5" GCTACTCCACATCCCTTTCTG 3°

OsNramp6.8 - R

5" GCAGAGAAAAATTCTTACCCCATA 3’

5.2. Két qua mirc d biéu hién ciia cac bién thé phién ma OsNramp6

Bang 5.2.1 — Murc d6 biéu hién ciia cac bién thé phién ma & cac thoi diém Oh, 24

hpi, 48 hpi, 72 hpi

Thoi gian | Bién thé Nhém khang Nhém min cim

0 hpi OsNramp6.23 | -3.07 [ 5,96 | -4,11 [ 3,31 [ -3.46 | -337 [ -3,73 [ -1,13 [ -5,59 [ -5,64 | -4,09
OsNramp6.1 5,13 | -8,05 | -6,83 | 594 | 6,13 | -6,46 | -6,31 | 4,90 | -7,88 | -8.41 | -6,77
OsNramp6.4 544 1895 | -752 | 623 | 6,78 | -6,58 | -6,70 | 3,74 | -8,93 | -9,40 | -8,18
OsNramp6.567 | 3,56 | -7.29 | -475 | -3,97 | -3,54 | -476 | -424 | -1,87 | -7,23 [ -7,52 | -4,70
OsNramp6.8 458 | 2,89 | 457 | 346 [457 | 1,55 [359 [ 271 |528 2,54 | 3,88

24 hpi OsNramp6.23 | 2,13 [ 024 | -2,63 | -0.27 | -1,62 | -3,63 [ -3,28 | -1,42 | -0,46 | -1,39 | -3,60
OsNramp6. 1 -0,39 | -1,24 | -3,58 | -2,00 | 4,34 | -5,15 | -4,29 | 4,36 | -3,98 | 4,35 | -5,63
OsNramp6.4 041 | 21,92 | -3,58 | 4,41 | -434 | 6,12 | -5,41 | -4.88 | 3,98 | -4,86 | -5,63
OsNramp6.567 | 1,58 [ 0,10 | -329 [ -3.81 | -3,47 | -4,40 [ -4,01 [ -3,83 [ -2,64 [ -3,51 | -4,80
OsNramp6.8 593 | 551 [-054 615 |65 | 1,12 |3,01 [500 [617 | 194 | 452

48 hpi OsNramp6.23 | 2,21 [ 202 | -1,99 [ 2,81 [ -031 | -296 [ 025 [ -291 [ -0,89 [ 1,39 [ -0,42
OsNramp6.1 4,09 | -3,34 | -3,22 | 4,54 | 2,80 | -5,50 | -2,03 | -4,79 | -3,71 | -4,08 | -3,10
OsNramp6.4 4,83 | 324 | -430 | 537 | 3,18 | -5,78 | -2,63 | -5,51 | -4,48 | -439 | 4,38
OsNramp6.567 | 3,36 | -1,18 | -290 | 4,26 | -1,53 | -4,50 | -1,39 | -4,10 | -2,69 [ -2,68 | -2,77
OsNramp6.8 555 597 [-050 | 6,18 | 656 | 1,16 | 3,04 | 503 |621 | 1,98 | 456
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72 hpi OsNramp6.23 | 424 [ 0.69 | 455 | -6.50 | -4.50 | -4.80 | 287 [ -0.49 | 402 [ -0.59 | -4.74
OsNramp6.1 631 | 3,88 | 712 | 147 | 6,78 | -7.07 | -4,51 | 321 | -3.98 | 0,14 | -7,16
OsNramp6.4 773 | 2,98 | -8,19 | 8,67 | 8,04 | 8,01 | 5,84 | -0,30 | -0,78 | 0,71 | -8,24

OsNramp6.567 | -6.11 | -112 | 6,71 | -7.40 | 6,50 | -6,51 | -475 [ 041 | -2.54 | -1.60 | -6,40

OsNramp6.8 0,62 | 3,79 | 0,44 | 0,95 1,19 | -0,28 | 2,03 | 3,07 | -0,30 | 2,95 | 2,88

Phu luc 6. Két qua xtr 1y thong ké.

Bang 6.1 — Phan tich thng ké ty 1¢ nhiém bénh gitta hai nhom lua chong chiu va

man cam
Nhom khéng Nhém man cdm
S6 lugng mau 6 13
Gia tri nho nhat 4.020 31.54
Phan vi 1 6.450 35.85
Trung vi 14.69 45.93
Phan vi 3 22.86 70.04
Gi4 tri 16n nhat 23.65 89.21
Trung binh 14.49 51.94
Do léch chuan 8.240 19.73
Sai s6 chuan 3.364 5.473
Gia tri P = 0.0004 (**%)
Blast resistance cultivars Blast non-resistance cultivars C
G- 14':()(1 ‘ [ =48 hpi
0samiR709 22 dhpt 12.00 72 hpi

Uk 10.00 i
8.00
osa-miR7695-48 hpi 6.00

& e
T - 1
i 4.00 I l

2.00

w b L
o0sa-miR7695-72 hpi 0.00

N <5 7. a Ny

" G\b -‘;'-;\\ S oy ,\,\_')A AN
Ubi FC R v > X Y
& o o o

Hinh 6.1 — Bi€u hi¢n cua osa-miR7695 trén mot s6 giong laa ti€u biéu ctia nhoém
lta chong chiu va nhom lia méan cam.
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Bang 6.1 - Phan tich thong ké mirc do biéu hién ctia osa-miR7695 gitra nhém chdng
chiu va nhém man cam.

Su khac Trung Trung Mt ’
Thoi | biétcoy | Gia binh binh , Sai s0 .
: - . . . khac 2 t ratio
gian nghia tr1 P nhém nhom biét chuan
thong ké khang nhiém i
24 hpi Co <(i'0 4.37 2.16 2.21 0.83 2.66
48 hpi Co <(i'0 3.68 1.63 2.05 0.52 3.95
72 hpi Co <(i'0 8.75 1.91 6.84 1.28 5.35

Biing 6.2 — Phan tich biéu do Box plot cia gid tri 22 (osa-miR7695) gitra nhém
lta chong chiu va nhom lia man cam.

24 hpi- 24 hpi- 48 hpi- 48 hpi- 72 hpi- 72 hpi-
Nhom Nhom Nhom Nhom Nhoém Nhom
khéang nhiém khéang nhiém khéang nhiém
S6 mau 6 13 6 13 6 13
Gia tri toi
thiéu 1.89 1.15 1.49 0.47 3.69 0.80
Phan vi1 tht
nhat 2.21 1.57 2.68 1.54 6.06 1.19
Trung vi 3.10 2.21 3.48 1.70 7.21 1.80
Phan vi thi
3 6.42 2.58 4.56 1.84 11.70 2.83
Gia tri toi
da 8.71 3.28 6.28 2.55 15.54 3.39
Gia tri
trung binh 4.37 2.16 3.68 1.63 8.75 1.91
Do léch
chuin 2.93 0.65 1.71 0.59 4.58 0.89
Sai 6 1.20 0.18 0.70 0.16 1.87 0.25
Khoang tin
cay dudi 1.30 1.77 1.88 1.27 3.95 1.37
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Khoéng tin
cay trén 7.45 2.56 5.47 1.98 13.55 2.45

Bang 6.3 - Phan tich thong ké mirc do biéu hién cta osa-miR169a gitra nhém chdng
chiu va nhom man cam

Su
khac
.| bidteo | .., | twune | dnung by b
Thoi 7 Giatri | binh binh KkhAc Sai §6 ¢ ratio
gian n }llﬁa P nhém | nhom biat chuan
g khang | nhi€ém :
thong
ké

0 hpi Khong | 0.3966 12.08 7.59 | 4.485| 5.064 0.885

24 hpi Khong | 0.0642 13.80 | 33.46 -1 9.450 2.080
19.66

48 hpi Khong | 0.2232 133.0| 23.11] 109.9 | 84.59 1.299

72 hpi Co| <0.01 154.8 | 6.145| 148.6 | 60.00 2477

**)

Bang 6.4 - Phan tich biéu d6 hop (Box plot) cua gia tri 22t (osa-miR169a) giita
nhom laa chong chiu va nhém lia man cam

Ohpi- | Ohpi- | 24 hpi- | 24 hpi- | 48 hpi- | 48 hpi- | 72 hpi- | 72 hpi-
Nhom | Nhom | Nhom | Nhém | Nhém | Nhom | Nhom | Nhom
khang | nhiém | khang | nhiém | khang | nhiém | khang | nhiém

S giatri| 6 6 6 6 6 6 6 6

Glatr | 440 1 1590 | 2.560 | 0.6600 | 5.490 | 6.830 | 0.4700 | 0.1800
to1 thiéu

T“’Vf}l‘an 4350 | 1.905 | 4990 | 12.80 | 15.75 | 8.705 | 56.15 | 0.72
Trung vi| 10.41 | 3.685 | 10.77 | 40.47 | 53.11 | 2620 | 1312 | 1.245
T“;fg‘an 1921 | 17.08 | 24.12 | 51.15 | 227.6 | 34.01 | 2029 | 6.40
i)lf‘;: 2895 | 17.76 | 31.13 | 51.15 | 5452 | 37.15 | 407.8 | 25.55

Khoang | 27.51 | 16.17 | 28.57 | 50.49 | 539.7 | 3032 | 4073 | 25.37
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Trung
binh

12.08

7.597

13.80

33.46

133.0

23.11

154.8

6.145

Do 1éch
chuan

9.775

7.637

10.97

20.39

206.8

12.40

146.6

9.943

Sai sO
chuan

3.991

3.118

4.478

8.322

84.44

5.061

59.86

4.059

Khoang
tin cay
dudi

1.823

-0.4183

2.289

12.07

-84.10

10.10

0.8875

-4.290

Khoang
tin cay
trén

22.34

15.61

25.31

54.85

350.0

36.12

308.6

16.58

Bang 6.5 - Phan tich thong ké mirc do biéu hién ciia cac bién thé phién ma

OsNramp6.1 va OsNramp6.4 & cac thoi diém khac nhau.

Nhé .

Tho | Khac biét co | Gia mo Nhom | Muc | Saiso | Nguwong | Do
i | ynghiathdng | tri Khin min | khac | chui | gi¢ihan | tu
gian ké P o cam biét n t do
24

: Co 0.00 443 | 29.22 | -24,79 | 9,748 | 3,254 7
hpi 99

48 0,74

: Khong ’ 14,92 17,5 | -2,573 | 7,796 0,33 7
hpi 89

2

7. Khong 035 102,5 | 62,28 | 40,24 | 41,44 | 0,9711 7
hpi 69

24 2

: Co 0.0 8,79 | 30,63 | -21,05 | 10,13 | 2,671 7
hpi 56

48 0,92 -

Khé ’ 24,75 | 25,71 10,52 | 0,09153 | 7

hpi one o1 | <" " ogeas | Y

2 2

7. Khong 0.29 230 126,3 | 103,7 | 94,12 | 1,102 7
hpi 92




