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TOM TAT

Cam lang gen vén co rat nhidu thudt ngir khac nhau nhung cing mét co ché phan tir nhu RNA, co-
suppression, cdm gen sau phién ma (PTGS — Post transcriptional Gene Silencing), quelling, dé tré nén phd bién
trong cac nghién ctu vé vai trd bin chit bén trong va cic umg dung ciia no trén nhidu déi twong hodc cic
nghién ctru vé chirc ning ciia cac gen & mirc dd bd gen. K& tir khi phat hién cam lang gen cach day hon hai
thap ky, ky thut ndy da duoc ching minh kha nang tmg dung trong viéc phat trién thudc trong diéu trj gen
nham chita trj nhidu bénh trén nguoi. Khuynh huéng nay ciing nhin dwoc sy quan tim va chi ¥ trong céc
nghlen clru co ban va ung dung trong linh vuc nong nghiép, déc biét la trong bao vé cay trdng nham tao ra cac
giong cdy trdng c6 kha ning chong chiu su tin céng ctia cac tac nhin gay bénh hodc chéng chiu véi cac yéu t6
bt loi cua moi truong. Bai téng quan ndy khong chi dua ra cai nhin tong quét vé cac nghién ciru cim ling gen
trén hé ndm soi hién nay, cac co ché phan tir ciia cAm ling gen trén nim ma con chi ra nhimg khuynh huong,
trién vong tmg dung ctia k¥ thuat nay trong bao vé thuc vét néi riéng va trong néng nghiép néi chung gop phan

dam bao an ninh Iuvong thuc cho nhén loai.

Tir khod: Nam bénh, RNAi, RNAi sau phién md, chirc ndng gen, bé gen

TONG QUAN VE RNAi

Viéc xac dinh chirc nang cta gen theo phuong
phap truyén thong c6 thé dat dugc thong qua viée sir
dung phwong phap gdy dot bién c6 thé bang hoa chat
nhu EMS, MMS, DEO, DEB hoic ¢6 thé bang tia
UV. Phuong phép nay duoc sir dung dé tao kiéu hinh
dot bién rdi tir d6 xac dinh gen, trinh ty chudi cta
gen d6 va dugc cac nha khoa hoc dit tén theo thuat
ngit tiéng Anh 1a “Forward 'Genetics”. Tuy nhién
phuong phap nay lai c6 mot s6 han ché ma mot trong
s6 d6 1a kho xac dinh kiéu hinh cua nhitng gen da
chirc nang. Trong nhitng nim gan day trinh ty chudi
trong by gen cua cac sinh vat da va dang duogc xac
dinh va didu nay dd dat mot thach thirc rat 16n cho
cac nha khoa hoc trong viéc tim hiéu chirc nang cua
hang nghin gen trong bd gen. Chinh vi thé nhiéu
phuong phap méi da dugc nghién ctru, phat trién dya
trén thong tin trinh ty chudi trong bd gen dé xac dinh
chirc ndng cia cac gen va cling da dugc cac nha khoa
hoc dit tén theo thudt ngit tiéng Anh véi y nghia
nguoc lai cia phuong phap “Forward Genetics” la
“Reverse Genetics”. Ky thuat dung cac phan tir
siRNA (small interfering RNA) hay con goi la RNA
interference (RNAi) la mot trong nhiitng phuong

phap “Reverse Genetics” c6 kha nang tc ché su
phién ma cua bat ky gen nao trong t€ bao song cua
sinh vat.

Ngay nay RNAi dugc xem la mét trong nhitng
lanh vyc nghién ciru méi trong linh vyuc sinh hoc.
Tim quan trong cua nd di dwoc minh ching bing
giai thuong Nobel vé y hoc nam 2006 cho hai nha
khoa hoc nguoi My cod cong trong viéc kham pha
hién twong nay 1 Tién si Andrew Z.Fire & Pai hoc
Standford va Tién si Craig C.Mello ¢ Pai hoc Y
Khoa Massachusetts. Hudng nghién ctru nay ciing da
duogc tap chi Science binh chon 1a “hién tugng khoa
hoc trong nam 2002” dya trén s6 lugng gia tang céc
bai bao khoa hoc lién quan dén RNAi duoc ding trén
c4c tap chi danh tiéng ctia qudc té.

Hién tuong RNAi dd dugc kham pha va nghién
ctru trén tuyén trung Caenorhabditis elegans (Fire et
al., 1998; Ketting, Plasterk, 2000), Trypanosoma
brucei (Ngo et al., 1998), Planaria (Sanchez Alvarado,
Newmark, 1999), Hydra (Lohmann et al., 1999) va
Drosophila (Misquitta, Peterson, 1999). Mot s6 thuat
ngit khac nhu 1a ddng e ché (co-suppression), trc ché
gen sau phién ma (post transcriptional gene silencing)
duoc cac nha khoa hoc st dung trén dbi tuong cay
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trdng (Napoli, 1990; Van der Krol, 1990) va cudi
cung 14 thuat ngit tre ché (quelling) dugc cac nha khoa
hoc dat tén khi nghién ctu trén ddi twong nam
(Cogoni et al., 1996). Tt ca cac thuat ngit nay déu co
cling mot co ché 1a cam gen va dé thong nhét ngudi ta
dat tén no theo thuat ngir tiéng Anh 1a RNA silencing
¢6 nghia 14 (rc ché sy phién ma ctia gen théng qua viée
phong thich cac tiéu phan tir trc ché RNA (siRNA) véi
chiéu dai khoang 21-23 trinh tu nucleotide vao trong
té bao sbng.

Co ché phan tir ciia cAm gen duoc chia thanh
hai giai doan dya trén cac nghién ctu di truyén
trén tuyen trung C.elegans, cay trong va cac
nghién ctu sinh hoa trén loai rudi gidm
Drosophila (Bass, 2000). O giai doan dau tién,
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phan tt RNA kép (dsRNA) bi phan huy bdi mot
enzyme thudc ho RNase-III hay con goi 1a DICER
(Bernstein et al., 2001; Hammond et al., 2000;
Kadotani et al., 2004) thanh nhitng doan ngin hon
¢6 chiéu dai khoang 21-25 trinh ty nucleotide con
dugc goi la tidu phan tir e ché RNA (siRNA)
(Elbashir et al., 2001; Zamore et al., 2000). Trong
giai doan sau, siRNA s& két hop véi phirc hop
protein thanh mot phirc hgp e ché RNA (RISC-
RNA induced silencing complex) (Hammond,
2000). RISC hoat hoa s€ st dung phén tir siRNA
chudi don dé do tim cac phén tir RNA théng tin
(mRNA) dich nhim pha huy chung bing céc
enzyme ndi sinh (Hammond, 2001). Sy phan huy
phan tor RNA thong tin s€ xay ra ¢ gilta vung co
két v6i chudi don phan tir siRNA (Hinh 1).
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Hinh 1. Co ché phan t& clia RNAI. Cac phan t&r dsRNA co thé dwoc dwa vao trong té bao béng cac con dwéng ndi, ngoai
bao. Giai doan 1: cac phan t&r dsRNA bj phan cét b&i enzyme Dicer thanh céc tiéu phan tir (rc ché RNA (siRNA). Giai doan
2: cac phan t&r siRNA sé két hop véi phirc chat RISC (RNA induced silencing complex), sau d6 né sé& do tim cac phan t&
RNA théng tin dich va phan huy ching bang cac enzyme néi sinh.

Kha ning ing dung 16n nhit cua ky thuat cam
gen la dung dé xac dinh chirc ning ctia cc gen trong
céc bo di truyén cuia sinh vat. Bang cach sir dung thu
vién cDNA, cic phan tir RNA kép (dsRNA) duoc
hinh thanh va dua vao trong té bao séng bang nhiéu
phuong phéap khac nhau nhu tiém (Fire, 1998), ngam
trong dung dich c6 chtta siRNA (Tabara, 1998) hodc
qua con dudng thirc an (Timmons, Fire, 1998). Tt
ca cac phuong phap nay duge dp dung trén déi tuong
Caenorhabditis elegans va Drosophila
melanogastera voi trén 90% cac gen du doan da
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dugc phén tich chiic ning. Trén ddi twong cay trong,
phan tor RNA kép (dsRNA) hay phan tt RNA kép
dang kep toc (hairpin dsRNA) dugc dua vao trong té
bao bang nhiéu con duong khac nhau nhw bin pha
biang hat vi mé (microprojectile bombardment)
(Christou, 1997), bang vi khuén Agrobacterium
(Schob, 1997), vi rut (VIGS — virus induced gene
silencing) (Baulcombe, 1999; Covey et al., 1997,
Ruiz et al., 1998) va chuyén gen bing cac ciu tric
cam lang gen co6 hi¢u sut cao (Wesley et al., 2001).
Nhitng nghién ctru nay dong thoi da chi ra nhimng
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diém yéu va nhimng diém manh cua cac phuong phap
cam gen ching han nhu cac céu triic cam gen c6 higu
sudt cao trén cdy trong nhu pHANNIBAL hay
pHELLSGATE c6 thé cim ling hang ngan gen mot
cach co6 hi€u qua thong qua viéc hinh thanh cac phan
tor RNA kép dang kep toc (hpRNA) hodc cac phan tir
RNA kép dang kep toc c6 bd sung doan intron
(ihpRNA) (Wesley et al., 2001).

Cho den ngay nay, céac nha khoa hoc trén thé
g101 van t1ep tuc nghlen clru vé& cam gen trén nhiéu
d6i twong khac nhau nhim tim hiéu va lam sang to
mot cach chi tiét co ché cua RNAi. Pdng thoi cac
nha khoa hoc ciing tién hanh @mg dung ky thut nay
trong viéc kham pha chirc nang cua cac gen hay ung
dung chung trong cac nghién ctru vé tri liéu gen
trong lanh vuc y khoa, cac ing dung trén cay trong
va vat nudi trong nong nghiép nhim tao ra cdc san
pharn ¢6 phdm chit tot hon ciing nhu 14 tim hiéu ban
chat cuia cic co ché ¢ ‘muc d6 phan tu cua cac sinh
vat trong nghién clru vé sinh hoc. Mic dii nghién ctru
vé cam gen chi méi bat diu khoang vai thap nién tro
lai day nhung hy vong khoang hon 50 nam nita cac
nghién ciru vé e ché gen s€ tra 1oi nhimg cau hoi
lién quan dén nhimg van dé chua giai dap dugc hay
kham pha nhimng didu méi hon vé co ché va ung
dung cta ¢ ché gen nhu Gido su Baulcombe da
timg d& cap trong tap chi TRENDs in Biochimcal
Science. Trong twong lai gin cac nha khoa hoc sé& di
sau vao nghién ctru mang tinh ing dung cia ky thuat
nay trong lanh vuc diéu ché thuéc nhim ngin chan
nhitng bénh hiém nghéo nhu AIDs, cum, dich ta
v.v... nhim giai quyét t6t nhimg vin dé mang tinh
nhan loai.

NAM GAY BENH CAY TRONG

Nam ky sinh trén cdy trong dugc coi 1a mot
trong nhiéu tac nhan pha hoai trong canh tac néng
nghi¢p. Hién gio nguoi ta udc luong cod khoang hon
100,000 ching ndm c6 kha ning gy bénh trén ciy
trong trong d6 nhom nam soi 14 tac nhan giy bénh
chinh. Mdi loai nim gdy bénh co thé ky sinh mot
hodc nhiéu loai cdy trdng va ngugc lai. Nam gay
bénh xdm nhiém vao ky chi bang nhiéu co ché xam
nhidm khéc nhau véi muc dich 1iy chét dinh dudng
truc tiép tir cdy trong thong qua mot cong cu xam
nhidm goi 13 soi phan nhanh nim (hyphae). Sau do6
ching s& phong thich cac phan tir nhu enzyme, séc t6
melanin, glycerol, hydrophobin v.v. . dé pha huy
thanh te bao, tiép can va xam nhiém tren cay ky chu
Khi ndm xam nhidm cdy ky chu, hién twong mién

nhiém ctia cdy trong s& xuat hién bao gdm céc dang
phan tng khing nhu khang mang tinh hé thong
(SAR-systemic required resistance), khang cuc bd
(LAR-local required resistance). Hién tugng khang
nay s& xuét hién trén cdy ky chu khong twong thich
voi mam bénh va nguoc lai trén cac cdy ky chu
tuong thich véi mam bénh. Phan tmg khang chinh 1a
su tu chét theo chwong trinh cua té bao khi gen
khang cua cay ky chu (gen R) nhan biét gen gay doc
clia mdm bénh (gen avr) din dén su tu chét cua té
bao theo co ché chwong trinh riéng nhim ngin chin
sw xdm nhap ciia mam bénh vao cdy ky chu.

C6 rét nhiéu phuong phap dé kiém soat va
phong chong bénh do nam gay ra chang han nhu lya
chon giong cay trong, vé sinh dét trong, luan canh,
sir dung thudc trir sdu v.v...Tuy nhién trong thoi dai
ngay nay khi ma dan s thé gioi dang ngay cang gia
tang mot cach nhanh chong thi nhu cau doi hoi vé an
ninh luong thyc dang 1a mot vin dé cip bach, trong
d6 viéc doi hoi nang cao tinh khang cua cdy trong
dbi v6i cac tac nhan gdy bénh thyc sy 1a mot thir
thach véi cac nha khoa hoc. Chinh vi 1€ d6, viéc tim
hiéu va lam sang t6 méi tuong tac gira ky chu va tac
nhan gy bénh 14 rit quan trong, dic biét trong bbi
canh trinh tw chudi ctia bd gen cua cac nim gay bénh
da va dang dugc kham pha. Bé lam dugc didu nay
nhiéu phuong phap & muc do phan tir dd dugc
nghién ctru nhu tinh khang thong qua gen R theo 1y
thuyét “gene for gene” (Flor, 1971), k¥ thuat chuyén
gen, cac nghién ctru vé chu trinh khang mang tinh hé
thong (SAR), chu trinh tuwong tac véi con tring lién
quan dén acid jasmonic (JA), v.v. Viéc xac dinh
chirc ning cua cac gen gy bénh trong thé gidi bo
gen ciia nam bénh ciing dong vai trd rit quan trong
trong viéc tim hiéu mdi twong quan giita ky chii va
tac nhan gay bénh. Trudc day cac ky thuat mang tinh
truyén théng nhu giy dot bién, phan tich su biéu
hién gen v.v... di dwoc sir dung dé phan tich chic
nang ciia cic gen trong bd gen clia cac ndm gy bénh
cay trong (Lorenz, 2002; Sweigard, Ebbole, 2001).
Tuy nhién, viéc kham pha hién tugng cam gen dau
tién trén nim soi Neurospora crassa (Romano,
Macino, 1992) clng véi nhing nd luc trong viéc
hoan thién trinh ty bo gen cta cac loai nim gan day
da dan dén hang loat nhimg kham pha hién twong
cAm gen trén cic ndm s¢i gdy bénh nhu
Cladosporium  fulvum (Hamada, Spanu, 1998);
Cryptococcus neoformans (Liu et al., 2001); Mucor
circinelloides (Nicolas et al., 2003); Magnaporthe
oryzae (Kadotani et al., 2003; Nakayashiki et al.,
2005); Venturia inaequalis (Fitzgerald et al., 2004);
Aspergillus  fumigatus (Mouyna et al., 2004);
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Phytopthora infestans (Whisson et al., 2005) v.v...
mé ra nhiing co hdi madi khong chi cho cac nghién
clru co ban ma con cho ca nhitng nghién ciru mang
tinh tmg dung goép phan lam giam thiét hai do nim
bénh gay ra trén cay trong.

CAC CO CHE PHAN TU CUA HIEN TUOQNG
CAM GEN TRONG NAM SGQI GAY BENH

Ke tir khi kham pha hién tuong cam ling gen
trén nam Neurospora crassa, loai ndm nay dugc cac
nha khoa hoc xem nhu 13 mot déi tuong chinh cho
cac nghién ctru tim hiéu co ché phan tr cia hién
tuong trc ché gen. Khi hai nha khoa hoc ngudi My
Fire va Mello giai thich su suy giam cta cac phan tir
RNA thong tin cua gen ndi sinh 13 do sy hién dién
cua phan tr RNA kép (dsRNA), cac nghién clru cam
lang gen trén nim dan dan di dugc lam sang to. Viée
phat hién cac tiéu phan tir e ché RNA (siRNA)
duoc hinh thanh boi qua trinh chia cit phan tir RNA
kép (Zamore et al., 2000) di kich thich nhiéu nd Iyc
nghién ctru trong viéc xac dinh nhitng enzyme giit
churc nang nay. Mot trong nhiing enzyme dugc xac
dinh gan day thudc ho RNaselll c6 tén goi 1a DICER
v6i chirc nang tao ra cac tiéu phirc chdt RNA khodng
21-23 trinh ty nucleotide, tiéu phuc chat RNA nay co
kha nang phan huy mang tinh chon loc cac phén tir
RNA twong dong. Hién tai trén ndm Neurospora
crassa, nguoi ta da xac dinh 2 protein DICER la
DCLI1 va DCL2, trén ndm Magnaporthe oryzae 1a
MDL1 va MDL2. Trong céc loai protein do6 thi cac
protein DL2 va MDL2 dugc xem la nhiing protein
chinh c6 chttc nang phan huy phan tod RNA kép
(dsRNA) thanh nhiing tiéu phan tir trc ché (siRNAs)
(Catalanotto et al., 2004, Kadotani et al., 2004).
Song song véi viéc xac dinh cac protein DICER trén
nam, nhimg protein quan trong khac ciing da dugc
lam sang to trén nhiéu déi tugng nhu la protein
Argonaute dugc xem 1a loai protein ma ciu trirc clia
no6 c6 hai vung chuyén biét dugc dat tén 1a Paz va
Piwi giit vai tro két ndi cac tiéu phan tir rc ché RNA
(siRNA) va phan huy cic RNA thong tin bang cac
enzyme ndi sinh RNase H (Song et al., 2004) hay
RdRp (RNA dependent RNA polymerase) co chiic
ning 1a chuyén cac phan tir RNA ty do (arberant
RNA) trong té bao thanh cic phan tir RNA kép
(dsRNA). Trén nim N.crassa, cac nha khoa hoc di
kham pha ra hai loai protein Argonaute lién quan dén
co ché wc ché gen sau phién ma (PTGS) bao gdm
QDE-2 giit vai tro trc ché gen (Fagard et al., 2000)
va protein QDE-1 gilt vai tro nhu 1a2 mot enzyme
RdRp (Cogoni, Macino, 1999). Trén nim
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Schizosaccharomyces pombe cac nha khoa hoc chi
kham pha mot loai protein DICER, RdRp va
Argonaute co tén l1a Dcrl, Rdpl va Agol trong ca
hai co ché cam ling gen trong giai doan phién ma
(TGS- transcriptional gene silencing) va sau phién
ma (PTGS- post-transcriptional gene silencing)
(Sigova et al., 2004). Thoi gian gan day khi ma trinh
tu chudi cia cac bo di truyén nam dang lan luot duoc
kham pha, cc thanh phin tuong dong lién quan dén
chu trinh @c ché gen ciing dan dan dugc phat hién
thong qua viéc xac dinh s6 lugng cac phén tir protein
Dicer, Argonaute va RdRp trén cac chung loai nim
s¢i dd dugc nghién ctru c6 sy hién dién cia co ché
cAm ling gen bang cac phuong phép tiép can so sanh
bd gen va phuong phap phédn nhanh bd gen
(Nakayashiki ez al., 2006). Cho dén ngay nay céc co
ché RNAI trén ndm c6 thé dwoc khai quat hoa bing
mot thuat ngit 1a cdm gen phu thudc tuong dong
(HDGS - homology dependent gene silencing). Co
ché nay c6 nghia 1a viéc cam gen c6 thé dat dwoc
bang nhimg phuong phap khic nhau nhu cam gen
ngay trong qua trinh phién ma bing dot bién diém
lap lai (repeat-induced point mutation), methyl hoa
tién  phan  bao  (MIP-methylation  induced
premeiotically) hoac cam gen trong giai doan phién
mi ¢ trong nhan té bao (transnuclear transcriptional
gene silencing). Co ché cdm gen sau phién ma
(PTGS) ching han nhu 13 hién tugng e ché (quelling)
hay trc ché phan bao bang DNA khéng hiéu chinh
(meotic silencing by unpaired DNA) (Cogoni, 2001;
Nakayashiki, 2005; Nakayashiki et al., 2006; Shin et
al., 2001). Gan day tc ché gen da dwoc lam sang to
trén nhidu ching loai nim bao gdm cic nganh
Ascomycota, Basidiomycota, va Zygomcota dua trén
c4c cude cach mang vé phan tir va sy da dang cua céc
phén tir e ché gen trén nim céy trong (Nakayashiki,
2005; Nakayashiki et al., 2006).

CAC KHUYNH HUONG UNG DUNG CAM GEN
TREN NAM BENH GAY HAI CAY TRONG

Nghién ctru chirc nang bg gen

Gan day, cac nghién ctru chirc ning cta by gen
dang dugc chu ¥ trén ndm s¢i bing nhidu cong cu
khéc nhau. Nhu da trinh bay ¢ trén thi cam gen dugc
xem 1a mot cong cu rat tdt cho viéc xac dinh chic
nang cua cac gen trong bd gen. Viée xdc dinh chuce
nang cua cac gen dong vai tro rat quan trong trong
viée tim hiéu cac co ché phan tir gdy bénh ctia ndm.
Trong thoi dai hau bo gen khi ma trinh ty chudi cua
cac bo gen ndm lan luot dugc gidi ma nhu
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Neurospora crassa (Galagan et al., 2003),
Magnaporthe oryzae (Dean et al., 2005), Aspergillus
oryzae (Machida et al., 2005), Phanerochaete
chrysosporium (Martinez et al., 2004), Ustaligo

maydis, Aspergillus fumigatus (Nierman et al.,
2005),  Phaeosphaeria  nodorum,  Sclerotinia
sclerotium, Botrytis cinerea, Fusarium

graminearum, Nectria haematococca Vv.v... cling
dang sép hoan thanh duéi sy hd tro ciia cac ky thuat
doc trinh ty hién dai, cAm gen di dan dugc sir dung
rong rai trong viéc xdc dinh cac chirc nang gen trong
cac bo gen ciia nAm. Tuy nhién hién nay hau hét cac
nghién ciru mai chi dung lai & mirc d¢ khao sat va
danh gia kha nang cam gen thong qua viéc sit dung
céc cdu triic cAm lang ¢6 kha ning tao ra cac phan tir
RNA kép dang kep toc hay cé su bd sung doan
intron (hpRNA hay ihpRNA). Nhirng céu tric nay
thé hién kha ning cam gen rét cao trén 80% thong
qua viéc sir dung gen mau GFP ciing nhu kiém tra
kha nang cam lang trén nhitng gen ndi sinh khac.
Tuy nhién nhiing ciu triic nay lai c6 mot nhuge diém
1a khong thé (mg dung dé khao sat chiic ning ciia cac
gen trong bd gen & sb lugng 1on. 6 chinh 14 do
nhitng kho khan vé mat thoi gian va k¥ thuat trong
viéc dua hai doan gen giéng nhau vé trinh tu theo
chidu d6i dau nhau ciing nhu doi hoi phai gan két hai
lin vao trong cdu trac trc ché dudi sy didu khién cia
mdt promoter. Chinh vi thé mdt phuong phap khac
duoc nghi dén 1a sir dung ciu triic tc ché dudi sy
didu khién cta hai promoter c6 trinh tw chudi giéng
hodc khac nhau theo chiéu dau dbi ddu. CAu tric nay
chi doi hoi chén mot 1an duy nhit doan gen can trc
ché ¢ giit hai doan promoter. Dudi sy diéu khién cua
hai promoter nay, hay phan tir RNA s& bit cap véi
nhau hinh thanh phén tir RNA kép (dsRNA) tham
gia vao chu trinh cdm gen. Tuy nhién diém yéu cua
chu trac nay chinh 14 hiéu sut cam gen khong cao
bang cdu tric mot promoter c¢6 kha ning tao thanh
phan ti RNA kép dang kep toc (hpRNA). Cac
nghién clru trén nam dao 6n, Magnaporthe oryzae,
da chi ra ring kha ning cAm gen nhiéu nhat cia cau
trac hai promoter 1a khoang 40-60% so voi ddi
chimg. Mic du cdu triic hai promoter c6 thé cim
lang hoan toan kiéu hinh nhung véi ti 1¢ it hon so véi
chu trac mot promoter. Didu nay dwoc chimg minh
trong cac thi nghiém danh gia hiéu qua cam gen trén
nam dao on thong qua viéc sir dung gen miu eGFP
(enhanced green fluorescence protein) va gen noi
sinh PKS c6 vai tro trong viéc hinh thanh mot trong
nhiéu yéu t6 lién quan dén viéc xdm nhiém cta nim
la sdc t6 melanin. Dé chimg minh & mirc d6 phén tir
kha ning cAm gen cta ciu triic nay, phuong phap
phan tich Northern thuong duge ding dé danh gia

ham luong phan tir RNA thong tin cua gen eGFP va
PKS ciing nhu phan tich sy hién dién cua cac tiéu
phan tir cAm ling RNA (siRNA). Két qua cho thay
¢ sy suy giam hodc bién mat hoan toan cac phéan
tr RNA thong tin cua cdc gen GFP va PKS trén
nhitng mau ndm thé hién kiéu hinh cam lang va
nguoc lai trén cac mau ndm khong thé hién kiéu
hinh cam ling. Cac siRNA ciing dugc tim thiy
trong céc mau nidm bi cdm lang va nguoc lai. Mot
diém manh nita cta cdu tric ndy trong viéc tng
dung xac dinh chirc niang cua gen la phuong phap
dong cam ling. Phwong phap nay st dung gen
eGFP lam gen chi thi dé xac dinh sy cam lang cua
gen thtr hai. Nguyén ly cia phuong phap nay kha
don gian la thong qua sy phién ma cua hai doan
promoter dé hinh thanh phan tr RNA s¢i kép cua
gen GFP va gen chu dich. Khi gen eGFP bi cam
lang s& din dén sy cam cua gen chu dich ma ta
mudn tim hiéu chirc ning cta n6. Phuong phap nay
g6p phan tiét kiém sirc lao dong va tién bac khi
chung ta phai do tim cac mau nim bi cam ling ma
hoan toan khong biét vé kiéu hinh cua ching. Méi
twong quan giira eGFP va gen chu dich ciling da
dugc danh gia thong qua viéc s dung gen xylanase
(XYL) va gen PKS. Mac du c6 khd ning cam lang
hai gen cung moét luc nhung hién tugng cam ling
mot trong hai gen van xdy ra ma van chua giai thich
dugc nguyén nhan. Tuy nhién khad nang dung
phuong phap nay lai rat tién loi cho viée xac dinh
c4c mAu nam cam ling dya vao danh gia cuong do
fluorescence ciia gen eGFP. Cach tiép cén nay ciing
da dugc ap dung trong viéc xac dinh chirc ning cua
37 gen lién quan dén chu trinh can-xi trong té bao
nam, cua cac ho gen lién quan dén cac men phéan huy
thanh t& biao (CWDEs — Cell Wall Degrading
Enzymes) (Nguyen et al., 2008; Nguyen et al 2011
Vu et al., 2012). Bing cach chon nhitng miu nim
thé hién cam gen eGFP manh nhét ra c6 thé thu duoc
cac mau nim c6 sy cAm gen chu dich khi tién hanh
phan tich bang phuong phap Northern hay RT-PCR.
Su thanh cong cua phuong phéap nay s€ mo ra nhiéu
co hdi méi cho cic nha nghién ctru vé ndm c6 thé
tim hiéu sau hon chirc ning cua cac gen trong bd gen
clia cac chung loai nim khac nhau.

Loai bé sw xAm nhiém doc to mycotoxin trong cic
san pham nong nghiép

Nam bénh Aspergillus va Fusarium c¢6 kha ning
tao ra doc t6 mycotoxin trong suét qua trinh x4m
nhiém hat va cac loai cay ngi cbc dan dén nhiing
thiét hai truc tiép va ca gian tiép 1én nong nghiép va
strc khoé cua con nguoi. Mot trong nhiing ng dung
clia ky thudt cam gen 1a kha ning trc ché ciia n6 dbi
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vGi gen tao ra dang doc t6 nay. D6 chinh 1 gen aflR
¢6 kha nang sinh tong hop aflatoxin trong hai loai
ndm nay (Woloshuk et al., 1994). Thong qua viéc
hinh thanh céu trac cam ling dudi su didu khién cua
mot promoter cung voi hai gen c6 kich thudc khoang
670 bp va trinh ty chudi giéng nhau dugc chén vao
giita doan promoter va terminator theo chiéu dau dbi
dau. Muc dich ciia viéc hinh thanh céu trac nay 1a dé
tao ra phan tor RNA kep toc nhu da trinh bay ¢ céac
phin trén trong bai viét nay. Kha ning cAm gen trén
hai chiing loai nim nay ciing dd dugc minh chimg
trude day thong qua sy hién dién cia cac siRNA co
kich thudc 25 trinh ty nucleotide cua gen aflR
(Hammond, Keller, 2005). Bzing cach chuyén gen
thong qua phuong phap PEG, cau tric cam gen s&
lién két voi bo gen cua hai nim trén va gay e ché su
hinh thanh ddc t6 mycotoxin trén ba loai nim gay
bénh 1a 4. parasiticus, A. flavus, va F. graminearum.
Minh chiing & miic d§ phan tir kha ndng cam gen
duoc thé hién qua phan tich ham lugng phan tir RNA
thong tin ctia gen afIR. Phan tich nay cho thay khong
c6 sy hién dién cia mRNA aflR trong cac mau bi
cAm ling so v6i ddi chimg. Khong nhitng thé sy cim
lang nay rit bén théng qua thi nghiém lay nhidm trén
ciy bap d6i voi nam Aspergillus va lta mach dbi véi
ndm Fusarium (McDonald et al., 2005). Qua thi
nghiém nay di cho thdy dugc kha niang umg dung
cua cam gen vén dugc coi nhu la mdt cong cu
nghién ctru rt hiru hiéu cho phép cac nha khoa hoc
¢6 thé can thiép sau hon vao trong bo di truyén mot
cach dé dang hon so véi cac phuong phap truge day
nhét 13 trong giai doan hau b¢ di truyén ngay nay.

Nghién ciru cac chu trinh phén tir lién quan dén
sw xdm nhiém ctia nam ciing nhw la dgc tinh cia
cdc gen

Mot trong nhiing kha nang Gng dung cua cam
gen 1a tim hiéu va lam sang to cac chu trinh phan tir
lién quan dén co ché xdm nhiém cua ndm trén cay
trdng. Yéu t6 quan trong trong viéc quyét dinh sy
xam nhiém ctia ndm 14 kha ning nhan va phan hoi
céc tin hiéu tir cay trong khong chi ngay tir giai doan
d4u ma ca nhirng giai doan sau cua sy 1y nhiém. D6
chinh 1a céc tin hiéu ndi va ngoai té bao ma cho dén
bay gid cac nha khoa hoc vin dang tap trung tim
hiéu va lam sang t6 mdi lién quan ciia chiung dén kha
nang lay nhiém cta nam. C6 rat nhidu yéu t6 lién
quan dén tin hiéu nay ching han nhu cac phan tu tiép
nhan ctia ndm s& giit mot vai tro nhan biét bé mat cta
cdy ky chu hay nhan biét tin hiéu dinh dudng ctia cay
trong. Gen mi hoa chirc nang nay va lién quan dén
kha nang lay nhiém la gen PTHI1 thong qua phuong
phap tiép can Forward Genetics trén ndm gdy bénh
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dao 6n, M.oryzae (DeZwaan et al., 1999). Mot yéu
t6 khac lién quan dén kha nang hinh thanh giac bam,
gdy sung té bao, biét hod té bao, xdm nhidm va cudi
cung la phat sinh bénh chinh la cac protein G
(heterotrimeic GTP-binding proteins). Cac protein G
nay c6 ba nhoém phu 1a alpha, beta va gamma. Trong
ba nhom phu nay nguoi ta dd xac dinh dugc nhom
phu alpha la quan trong nhét trong giai doan dau cta
vong doi nam bénh va co lién quan dén kha nang lay
nhiém ciia ndm trén cdy ky chi. Ngay nay cac nha
khoa hoc di xac dinh dugc gen liénquan dén protein
G thuéc nhém alpha nhu gen MAGB cua nim
Magnaporthe oryzae (Liu et al., 1997), CPG-1 cua
nam Cryphonetria parasitica (Choi et al., 1995),
BCG1 va BCG2 cia nim Botrytis cinerea v.v....
Ngoai ra cac protein G con c6 lién quan dén cac chu
trinh khac nhu cAMP, MAP kinases, cac protein lién
quan dén chu trinh can-xi. Nhitng chu trinh nay lai
lién quan dén kha nang két dinh cua céc bao tu nam,
cac enzyme pha v& thanh té bao, cic doc to V.V
Dé xac dinh cac gen lién quan dén nhing yéu t6 va
chu trinh nay, cidc nha khoa hoc trudc day thuong
dung cac phuong phap Forward Genetics nhu REMI,
transposon tagging hay T-DNA v.v...Tuy nhién khi
trinh ty chudi bo di truyén ctia cic ndm da dwoc xac
dinh thi cac phuong phap Reverse Genetics trong do
c6 k¥ thuat cam ling gen lai thé hién tinh wu viét.
Bing phuong phép so sanh tinh trong dong cua cac
gen dua trén co so dit liéu b di truyén cua cac
chung ndm, cac nha khoa hoc s& d& dang trong viéc
xac dinh duogc trinh ty cac gen trén ting dbi tuong
nghién ctru. Thong qua ky thuat cam lang gen, céac
nha nghién ctru s€ nhanh chéng cam lang nhitng gen
do va tir do s& dé dang trong viéc xac dinh chirc ning
mong mudn cia timg gen. Ngay nay cac nha nghién
ctru sinh hoc phén tir trén 601 tuong ndm bénh tap
trung chu yeu vao cac yeu tb phién ma (transcription
factors) cling nhu 14 x4c dinh cac gen lién quan dén
cac tin hiéu lay nhiém nhim danh gi4 toan bo bo di
truyén nhitng gen nio ciia ndm c6 kha ning gay bénh
trén cdy trong. K¥ thuat cam ling gen s& giai quyét
dugc cic van dé nay ¢ mic d6 quy mé va nhanh
chong hon cac phuong phap khac. Cac vi du trong
viéc ing dung cam lang gen trong hudng nghién ciru
nay la cam lang gen MPGI lién quan dén viéc hinh
thanh hydrophobin dan dén giam kha nang lay nhiém
clia ndm dao On trén lta biang cdu triic cAm lang
pSilent-1 hay cdm ldng alpha-tomatine lién quan dén
enzyme pha huy thanh té bao bang phuong phap uc
ché gen trén cay ca chua cing dan dén viéc han ché
kha ning lay nhiém cta ndm Fusarium oxysorum
[fsplycopersicii (Nakayashiki et al., 2005; Ito et al.,
2002). Mot vi dy nira trong viéc trng dung cam gen
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nhim tim hiéu kha ning hinh thanh bao tir xam
nhiém ciia ndm gdy bénh suong mai trén khoai ty
Phytophthora infestan. Cac nha khoa hoc da st dyng
cam gen dé kiém tra mdi lién quan cua gen piCdc14
trong viéc hinh thanh bao t. Két qua phan tich &
mirc d6 phan tir cho thdy ring khi gen piCdcl4 bi
cam lang thi ham lugng RNA thong tin cua gen do bi
suy giam hoan toan dan dén wc ché viéc hinh thanh
cac bao tir ndm ngay tir giai doan diu (Ah Fong,
Judelson, 2003). Cam gen ciing dugc ding dé xac
dinh chtrc nang cua cac lién quan dén protein G
thuoc ca hai nhéom alpha va beta trén nim
Phytophthora infestan. Trén ndm Phytophthora
infestan c6 hai gen lién quan dén protein G 1a Pigpal
thuéc nhom phu alpha va Pigpbl thuéc nhém phu
beta. Viéc hinh thanh cac bao tu trén cac dot bién
Pigpal bi cim ling giam con 20-45% so v&i dbi
chimg dan dén giam kha ning giy bénh trén 1a khoai
tdy con 3-14% so voi 77% cua ddi ching
(Latijinhouwers et al., 2004). Trong khi d6 cac dot
b1en Pigpbl bi cim lai lién quan dén kha nang phat
trién va hinh thai bao tir do xuét hién mot s6 luong
16n cac bao tir nang bi bién dang. Yéu té nay ciing
anh huong dén kha ning giy bénh cia ndm
Phytophthora trén cdy trdng (Latijinhouwers et al.,
2003). Nhitng vi du trén cho thdy kha ning ing dung
cAm gen trong viéc xac dinh cic gen lién quan dén
tinh gdy bénh cua nim la rat 16n. Cong cu nay s&
giup cac nha khoa hoc nhanh chéng xac dinh va tim
hiéu nhitng bi an chua giai thich dwgc trong mdi
tuong tdc gilra ky chu va tac nhan gdy bénh khong
nhitng chi trén ddi tugng gy benh nhu ndm, tuyén
trung, virus, con trung va cay trong ma con trén ca
db6i tuong ngudi va dong vat.

Cam gen théng qua ky chii trén nAim giy bénh
cay trong

Thoi gian gin diy mot k¥ thuat cim gen thong
qua ky chu (HIGS — Host Induced Gene Silencing)
da dugc nghién ctru va phat trién. Co ché cua k¥
thuat nay chinh 1a dua cdu trac cdm gen mang gen
dich lién quan dén kha ning lay nhiém cua tac nhan
gdy bénh vao trong cdy trong dé tao ra cac phén tir
RNA nho chuyén bi¢t. Khi cac tic nhan gdy bénh
tén cong cay trong, cac phan tr RNA nhé nay sé
chuyén vao _chung tir cay trong va lam cam céc gen
lién quan dén kha ning hinh thanh cic ciu tric xam
nhidm, phat trién va doc tinh cia tic nhan gy bénh
dan dén gitp lam giam cac triéu chL'rng bénh trén
cay trong (Hinh 2). Cac nghién ciru gan day da chi
ra rang HIGS la mot cong cu rat hiéu qua giup bao
vé cdy trong khoi sy tin cong, 1y nhiém cua cac

tdc nhan gay bénh (Baum et al., 2007; Dubreuil et
al., 2009; Escobar et al., 2002; Escobar, Dandekar,
2003; Fairbairn et al., 2007; Huang et al., 2006;
Mao et al., 2007; Turner et al., 2006; Viss et al,
2003). Hién nay, c6 rat nhidu nd lyc trong viéc
nghién ctru Ung dyng HIGS d6i v6i nAm gy bénh
trén cay trong. Nowara va dong tac gia (2010) da
chi ra ring sy biéu hién cta phéan tir SSRNA Avrl0
(mot gen dang effector cia nidm bénh Blumeria
graminis) trén cac giéng laa mi va la mach giap
lam giam sy liy nhiém cta ndm bénh Blumeria
graminis (Nowara et al., 2010). HIGS ciling dugc
ing dung thanh cong trong viéc ngan chan su lay
nhiém cua ndm Puccinia striiformis fsp. tritici va
Fusarium oxysporum trén cay trong (Hu et al.,
2015; Yin et al., 2015). Cac két qua nay da chi ra
ring cac phan tir RNA nho co6 thé dich chuyen tir té
bao thyc vat sang té bao nam trong sudt qua trinh
xam nhiém va lam cam ling mot cach hidu qua cac
gen lién quan dén kha ning gdy bénh cua nam.
Chinh vi vy HIGS hua hen 1a mot cong cy hiru
hi¢u trong viéc ngdn chédn sy tan cong cua cdc tac
nhén gay bénh trén cay trong trong tuong lai gan

KET LUAN

Mic du cho dén ngay nay cam _gen chi moi duoc
tap trung nghién cuu trén mot 56 chung loai nédm
dién hinh nhung n6 da va dang trd thanh mot cong
cu hiru hiéu trong viéc kham pha chirc nang cua cac
gen trong b gen cia tat ca sinh vat. Véi nhiing tién
bd dat dugc trong viéc kham pha trinh ty chudi cua
bd gen cac sinh vat thong qua cac phuong phap giai
trinh tu tién tién cling nhu sy phat trién cia cac
phuong phap lién quan dén sinh tin hoc, cic nha
khoa hoc ngay nay nhanh chong gidi thich dugc
nhitng diéu chua biét vé chtrc ning cia cac gen,
kham pha nhimg con duong lién quan dén viée lay
nhiém ciing nhu mdi tuong tac gitia chung véi nhau
trong qua trinh diéu khién va kiém soat kha nang gay
bénh ctia ndm, giita tic nhan gay bénh va ky chu
V.V.. bang cong cu cim gen. Piéu nay gop phén ciing
¢b thém nhirng kién thic va hiéu biét vé& sinh benh
hoc cua thé gidi cac loai ndm. Trong twong lai gan
cac nha khoa hoc s& xac dinh cac gen lién quan dén
viéc lay nhiém coa nhiéu loai nim bénh nhu
Magnaporthe oryzae, Phytophthora infestans,
Utiligo maydis v.v.... Viéc xac dinh chirc ning cia
cac gen trong bd di truyén gidng nhu sy phan loai
sach trong thu vién trong d6 viéc dinh dang, trinh ty
chudi va chirc ning cua timg gen s& dugce phan loai
theo ting chung loai ndm bénh. Tir d6 cac nha khoa
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hoc s& dé dang hon trong vi¢c tiép can thong tin di
truyen cua tung gen nhim ung dung trong viéc kiém
soat bénh ctia nim ciing nhu cho viéc khai thac va st
dung ndm trong nong nghiép va cong nghiép thong
qua cac phuong phap tién tién & muc do phan tu.
Nhing thanh tyu dat dugc béng viéc str dung cach
t1ep can nay khong chi gop phan lam sang t6 nhirng
didu chua biét vé thé gidi cac loai nAm ma con gop

Nguyén Bao Quéc & Nguyén Ngoc Bao Chiu

phin giai quyét tot an ninh lwong thuc cho nhan loai
trong thoi dai bung n6 déan so hién nay.

Loi cam on: Bai viét tong quan dwoc sw hd tro mot
phan  kinh phi tr dw dan nghién ciu quéc 1é
CRP/ICGEB véi ma s6 CRP/VIET13-02 ciia Trung
tdm Quéc té Bién doi Di truyén va Cong nghé Sinh
hoc (ICGEB), Trieste, Y.

Céu triic irc ché gen pSD1 c6 chira doan gen nhan tao tng hop tir cac gen trong
ho gen ctia CWDESs (endoxylanases, cellulases)

l 1
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Uc ché phién ma din dén trc ché hoat dong cua
cac gen CWDEs, ndm khéng hinh thanh dwoc
cAu triic xam nhiém cay ky chu

N

Hinh 2. ng dung cam ling gen théng qua ky chi (HIGS) dé tao cac gidng chuyén gen khang sy tAn cdng clia ndm bénh.
(1) Cac doan DNA nhan tao ctia cac nhém enzyme phan huy thanh t& bao ctia nAm bénh (CWDEs) sé dwoc khuéch dai tir
vector da dwoc phat trién trwéc day [53,69]. (2) Cac san pham PCR sé dwoc cét bing nhitng enzyme phl hop va gan vao
cac vector dang Gateway theo chiéu dau déi dau. (3) Cac cu tric cam lang gen dang HIGS sé& dwoc dwa vao cay trong
bang vi khuan Agrobacterium tumefaciens. (4) Cac phan t&r RNA soi kép chuyén biét (dsRNA) sé duoc tao thanh tir cac cau
tric cam lang gen HIGS trong nhan clia cay ky chd. (5) cac phan tir dsRNA sé& dwoc phéng thich ra ngoai nhan té bao cta
cay ky chi bang exportin-5. (6) Cac phan tlr dsRNA sé& bi phan cat bang mot enzyme chuyén biét goi 1a Dicer. (7) Cac phan
tlr dsRNA sé& bi cét thanh cac _phén t& Gc ché RNA nhd v6i kich thwéc 21 nuclotide (siRNAs). (8) Cac phan t&r siRNAs
chuyén biét sé di chuyén vao té bao ndm gay bénh cay tréng khi chiing tan céng trén bé mét 1a. (9) Cac phan tlr siRNA sé
két hop véi cac protein Argonaute d& hinh thanh cac phirc chat siRNA-RISC trong t& bao ndm bénh. (10) Phirc chét RISC-
siRNA sé& do va gan voi cac phan t&¢ RNA thong tin dich. (11) Sy phién ma cua clia cac gen dich nhw CWDEs sé bj (e ché
théng qua hoat dong cta RISC dwa dén lam cam lang sw biéu hién ctia nhitng gen nay vén cé lién quan dén viéc hinh
thanh cac cau tric xam nhiém clia nAm bénh (Nguyen et al., 2011; Vu et al., 2012).
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SUMMARY

RNA silencing, the phenomenon known as RNA interference (RNAi), co-suppression or post-
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transcriptional gene silencing (PTGS) and quelling, has become more popular in studies of its intrinsic roles
and applications in many organisms or of gene functions in a whole genomic scale. Since the discovery of
RNA silencing more two decades ago, this powerful technology has demonstrated its applicability in
developing RNAi-based drugs for various diseases in human. RNA silencing is also of interest in basic and
applied studies in agriculture, especially in plant protection to create crop varieties that are resistant to biotic
and abiotic stresses. This review provides an overview of RNA silencing studies in filamentous fungi, the
molecular mechanisms of RNA silencing in fungi, and also describes potential applications in plant protection
potentially important for the agricultural industry and for global food security.
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