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TOM TAT

Tinh khang bénh tiém &n trong nhiéu loai cdy tréng khac nhau, nhét 1a & cc gidéng dia phuong, nhimg céy
hoang di. Nghién ciu vé co ché phén tir cua hién tuong khang bénh dang dugc xuc tién manh. Hién tuong
khang bénh theo thuyét “gene for gene” duge phat hién tir nhimg ndm 1940 khi ton tai gen khang (Resistance
gene — R gene) mang tinh trdi & thuc vét va gen khong nhiém bénh (Avirulence gene — Avir gene) cling mang
tinh tr§i & mdm bénh (pathogen). San phdm ctia R gen — R protein nhén biét Avir pretein — sin phdm ctia Avir
gen dugc xam nhap vao té bao thuc vét khi cay bi nhi€ém bénh. Va sau dé, chung kich hoat phan ung khang
b¢nh cua cay trong ¢ cac muc d9 khéac nhau. Hién tugng thudmg xuét hién nhiéu nhét 13 su khang bénh c6 hé
thong- SAR (Systemic Acquired Resistance) hoat héa cac protein lién quan dén mim giy bénh PR
(Pathogenesis-related) protein & cac viung lén cén, ciing nhu tong hop céc R protein. Ngay nay, ngudi ta da

phat hién duoc 17 loai PR protein. Chiing xudt hién & cac thoi diém khéc nhau, ¢6 ban chat phan tir khac nhau
va ¢4 chuc néng khang nim, khang khuan. C6 it nhit 6 nhém R protein va mot 6 nhom Avir _protein dé dugc
phan lap, nghién ciu ve tinh chét chire nang. Su phat trién manh mé theo huéng nay mé ra nhiéu co hi tao céc
giong cdy trong c6 kha nang khang bénh.

Tir khoa: Khang bénh, protein khdng bénh, protein khéng nhiém bénh, protein lién quan dén mdm gdy bénh,

sur khdng bénh ¢6 hé thong

MO PAU

Céc cdy trdng ving nhiét d6i néng 4m ludn phai
duong dau véi nhiéu loai madm bénh cling nhu sau
bénh gay hai. Khac voi hé théng bao vé cua té bao
dong vat, khi cé su xam nhép cua mam bénh, chung
hoat hoa hé¢ mién dich tai chd diét mam bénh hoac
ngian ngura khd ning lay lan cua chung, thuc vat
khong c6 hé tuin hoan, chién lugc phong thu cua
ching khéng the han ché su nhiém bénh bang cach
nhu véy. Tiém 4n trong tiung loai cdy tréng khéc
nhau déu cé khi nang tw bao vé khi bi cac sinh vat
khac tin cong. Phan img d¢ rit da dang va duoc tién
hanh nghién ciru tu [du ¢ cac mac d6 khac nhau
(Hammond-Kosack er al., 2000;. Dickinson, 2000;
Chisholm er al., 2006; Pandey, Somsich, 2009). Déi
vGl cac cdy moc dai thudng rat khoe, néu bi nhiém
bénh chi han ché trong mot sb vung mo té bao nhod
nhit dinh va 6 mot sb it cdy. Cay cé thé goi la bi
bénh chi xay ra khi chung nhlem bénh nang dén mirc
lam chét ciy. Nhiéu cay tréng dia phuong da duoce
phat hién c6 kha ndng khang siu bénh, khang nam. ..
bang cac phuong phap kinh dién, sau do, duoc lai tao
nhim muc dich chon tao giéng khang bénh c¢é ning
suét cao, chit lugng tt (Meyer er al., 2009).

Gén day, véi su phat trién vuot béc cla sinh hoc
phan tir va nhit l1a céng nghé gen, nhiéu qua trinh
bién di trong co thé ciing nhu cac gen lién quan dén
hién tugng phan Gng nay cia thuc vat dugc phat hién
va nghién ctru, ban chét tac ddng giira cay tréng va
mam bénh duoc lam sang té dan. Trong dé, protein
— san pham biéu hién cua gen va su tuong tac giira
chiing tao ra su khoi dau cho phan Ung khing bénh
cua thuc vat duge dac biét quan tdm dén. Trong bai
nay, chung toi tong quan mot sd nét chinh vé cé so
sinh hoc phén tir lam nén tang cho hién tuwong phan
Ung cua thuc vat va sau d6, 1a kha nang khang bénh
clia cay tréng néi chung.

MAM BENH VA CAC DANG TUONG TAC VOI
THUC VAT

Mim bénh thye vat (plant pathogen)

Mém bénh thuc vat la cdc co thé sinh hoc c6 thé
séng trong céy & mot giai doan nhit dinh hogc subt
qua trinh song cua cdy va anh huong cé hai cho cay.
Mim bénh c6 thé la vi khuan virus, nim, tuyén
trung, doéng vat khong xwong song . va thdm chi ¢é
thé 1a cay khac. '

265



Vi du: Mém bénh & ddu tuong ciing rat da dang:
nhiéu loai ndm, virus, vi khudn va céc loai sdu bo
gdy hal trén cac co quan khac nhau cta cdy (Ngé
Thé Dén er al., 1999). M6t sé bénh thuong gip & dau
tuong c6 thé liét ké sau day.

i/. Bénh ndm hai: & |&: bénh gi sat (rust) do
Phakopsora pachyrhizi; bénh ddm nau (brown spot)
do Septoria glycine, bénh swong mai hay phén tring
do Peronospora manshurica; & ré va than: bénh thdi
thdn mau ndu (stem rot) do Caphalosporium
gregatum, bénh thdi & do  Phytophthora
megasperma; & hat: bénh dém tim hat do khoang 10
loai ndm Cercospora; bénh hai than va qua do
Diaporthe sojae: nhiém tir qua, phat trién tiép khi hat
nay mém, lam kim ham su ndy mam cua hat va gay
théi hat.

1i/. Bénh virus: bénh kham la do Potyvirus va
Alfalfa  virus, bénh lun do Cucumovirus va
Luteovirus lan truyen do rép; bénh virus dom qud do
Comovirus lan truyén do bo canh cung; rudi tring,
tuyen trung.

iii/. Bénh vi khudn: bénh hoai t vi khudn (leaf
rot) do Pseudomonas syringae pv. glycinea giy ra
dién rdng trén nhiéu nuée, bénh dém vi khudn do
Xanthomonas campestri gay hai la.

iv/. Sdu hai: giy ton thuong cho cic co quan
sinh trudng, sinh thuc: do sdu xanh (Plathypena
scabra F), sdu do (Pseudoplusia includens Walker),
sau ddu meo (Anticarcia gemmatalis Hubner), nhén
(Tetranychus sp.); bo nhdy hai 14 (Empoasca fabae
Harris); sdu duc than (Elasmopalpus lignosellus
Zeller), sau duc qua (Helilthis zea Boddie), rudi hai
ndt san (Rivellia quadrifasciata Macquart).

Nam dang mam bénh cht yéu 4 virus, vi khuan,
nam, tuyén trung va sdu- dong vit cé hai cho cay
(Hammond-Kosack et al., 2000, Dickinson, 2000)
duoc trinh bay sau day.

Ném (fungi)

Khoang gan 2% trongesé 100000 loai nim da
duoc cong bd trén thé gidi 1a c6 kha nang gay bénh
cho cay. C6 loai nim thudc dang gdy hoai tu, san
sinh ra enzyme pha huy mang té bao cua nhiéu loai
cay trong. Vi du: nAm Pythium va Botrytis gy bénh
cho hon 1000 loai thuc vat: Borrytis cinerea, nim
mbe ghi, gay bénh trén qua nho. C6 loai nim gay
hoai tir bang cach chiét ra doc t8, mbi loai doc t6 co
kha ning trc ché déc hi¢u enzyme nhit dinh trong
qua trinh phat trién cia cdy. Vi du Nim
Cochliobolus carbonum san sinh ra déc t& HC (HC-
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toxin) trc ché histone deacetylase, enzyme hoat hoa
cac gen bao vé cdy. Nam Fusicoccum amygdali san
sinh ra doc t& fusicossin lam mé bom H*-ATPase
van chuyén ion trén mang té bao. Tac dong chinh la
lam mé khi khono tu do, do dé, cdy bi héo va dén
gay ra chét cdy.

Céc Joai nim c6 dang séng cong sinh ddc hiéu
cao dén tung loai cay trong Pé sir dung té bao thuc
vét nhu ngudn cung cap dinh dudng, ndm xam nhap
vao té bao qua vi tri dac biét goi la chdt xdm nhiém
(penetration peg), to d6 hinh thanh lén gidc mut
(haustorium) trong nguyén sinh chét ciia t& bao thuc
vat. Giac mat lam tang kha nang tlep xuc gifra hai co
thé. Nam ¢ thé thay don su can bang v€ hormone
cho phép té bao cling ton tai trong didu kién nay. Vi
du nhu ndm gy bénh gi sat. C6 loai nim khéng tao
gidc mat ma An sdu vao ving gifa cac t€ bao
(apoplast) nhu ndm giy bénh mbc 14 ca chua
Cladosporium fulvum.

Céc loai ndm c6 dang séng ban cong sinh dan
dan pha hiy dang cong sinh ban dau va chuyen sang
gdy hoai tir cho t€ bao thuc vat. Su chuyén hudng
nay thuong xay ra khi lugng nim phat trién quéa
nhiéu. Vi du: Phytophthora infestans gdy bénh chét
lui & 14 khoai tdy khi bat ddu hinh thanh nhiéu bao
tir. Sau 2 tuan canh ddng khoai tay co thé bj chét lui.

Nim gl sat & thuc vat duge phat hién tir nhiéu
nam nay: naim Melampsora lini gdy bénh & cay lanh;
Puccinia recondita gdy bénh & cdy lia my;
Uromyces faba giy bénh & du tring va ddu tim;
Puccinia polysora gdy bénh & ngd; Phakopsora
pachyrhizi Syd giy bénh & dau tuong... Co ché
khang bénh va gen khang bénh lin ydéu tién dugc
phat hién trén co s& nghién cu bénh gi sit ¢ cay
lanh vao nhirng nam 40 cua thé ky trudc. Bénh gi sét
déu twong chu yéu & chau A, vi véy, con goi la bénh
gi sit chau A (asian soybean rust), dén nam 2001 bt
dau lan sang M§ va Nam M§ gy dich bénh nguy
hiém lam thiét rat 16n cho san xudt dau tuong tai cac
nuéc MY, Brazil, Argentina trong nhimg nam gin
day.

Virus

Hién nay dang ton tai hon 40 ho virus thuc vat.
Chiing c6 thé la virus DNA hoac virus RNA, nhung
chu yéu Ia virus RNA chita RNA sgi don duong
(single-strand positive-sense RNA virus). Virus
tuong tac voi cdy thuong theo dang song cong sinh
(biotrophy). Vi véy, virus can phai c¢6 co ché thich
hop dé sao chép duoc trong té bao thuc vat, chuyén
duoc vao té bao lién k& hoic hé mach cia thuc vat,
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dbng thoi ngan chan dugc hé théng bao vé cua té bao
thuc vat dé c6 thé ton tai phat trién rong mo té bao
thuc vat. Triéu chimg cua virus ¢6 thé la da vang
(chlorosis), chét hoai (necrosis), kham (mosaic) hodc
cdy cham phét trién (stunting). Genome clia virus
duoc nghién ctu ti mi & virus kham sup-lo CAMV
(cauliflower mosaic virus). D¢ 1a virus ¢6 DNA sogi
doi. DNA genome cd d¢ dai 8 kb, trong dé, co 3
doan s¢i don ngén ngit quing véi 7 khung doc ma
ORFs (open reading frames). Chung ma hoa cho 7
protein ¢6 khbi lugng phan tir (KLPT) tir 11 kDa dén
79 kDa thuc hién cac chirc nang khac nhau: Protein
vO virus, protein van chuyén vao té& bao
(plasmodesmata), enzyme sao chép nguoc (reverse
transcriptase), protein gin v&i DNA.. Phirc hé
nucleoprotein cua virus xdm nhap dugc vao té bao
thuc véat nho cé protein vén chuyén dic hiéu cua
virus tuong tac v6i phirc hé 15 nhin bao gbm cac
thanh phéan trén kénh chuyen protein qua mang té
bao va mang nhan cua té bao thuc vat.

Vi khuén (bacteria)

Vi khuéin gdy bénh & thuc vét 1a mdt nhom Ién,
thudng ky sinh chuyén héa & ving giiia cac té bao
gdy ra bénh hoai tir & |4, than, bénh ddm, héo, thoi
muc va tan lui. Nhitng vi khuén nay thudng thude
cac chi Pseudomonas, Xanthomonas va Erwinia. Co
hai dic diém dic trung cho méi twong quan giira vi
khuan va thuc vét la: /. Khi nhiém vao thuc vat, vi
khuin thuong cu tra trong ving gitra cac té bao cia
cac co quan thuc vt hodc trong mé gb (xylem); ii/.
vi khuan tiét ra cac chit doc, polysaccharide hodc
cac enzyme phén huy thanh té bao, giy doc hoic
phéan huy té bao thyc vét. Su tuong tac gilra vi khuan
va thuc vat tdn tai ca ba dang: gay hoai tu, song cong
sinh va ban cdng sinh. Vi khuan co dién lay nhiém
rat rong, cho nhiéu loai thuc vat khac nhau. Cac vi
khuén thugc chi Erwinia san sinh ra enzyme (pectic
enzyme) phén huy thanh té bao, gay chét té bao va
lam thbi nhiin mé té bao.

Tuyén triing (nematode)

Tuyén triing con goi la giun tron la dong vat
khong xuong séng da dang va rat phong phu trén tréi
dét c6 dén hang triéu loai khac nhau. Tuyén tring
séng tu do trong dét, nuéc ngot, bién va ky sinh &
ngudi, dong va thuc vat. Tuyén trung thuc vat gbm
cac loai ky sinh gay hai cho thuc vat. Tuyen triung
dinh dudng bing cong cu chuyén héa goi la stylet,
thuong 1a mét cai 6ng rdng. Qua stylet, cac chat tlet
(secretor) tir luyen thuc quan tiém vao trong cac té
bao thuc vat va khéi té bao s& duoc tidu héa thanh

dang long dé tuyen trung de dang hat dich vao co thé
chung. Cac chét tiét tu tuyen trung la cac enzyme co
thé phén gidi mét phan 1é bao truéce khi duge hit vao
va tiéu hoa trong tuyén trung, dan dén su hinh thanh
cac diém dinh dudng chuyén hoa tai ving c6_ cac
tuyen trung ky sinh. Trong truong hop san ré do
tuyén trung, khoang 200 t& bao bi tuyén trung bién
thanh cau truc “diém dinh dudng”. O ving nay DNA
cua té bao ting l€n tao thanh cac té bao khéng 16 c6
hinh dang nhu nét san ré. -

Cac nhém tuyén truing ky sinh gay hai quan
trong cho thuc vat c6 thé liét ké nhu sau: tuyen trung
sin ré Melodogyne spp., tuyén tring bio nang
Globodera spp va Heterodera spp., tuyén trung ndi
ky sinh di chuyén Pratylenchidae, tuyén trung ban
nGi sinh Rotylenchulus spp. va Tylenchulus spp.,
tuyén trung thén Dirylenchus spp., tuyén tring ngoai
ky sinh ré va tuyén trung ky sinh_thuc vét bo
Aphelenchida. Trong do, tuyén tring san ré duoc coi
1a nhém tuyén tring ky sinh quan trong nhit cho
ndéng nghiép toan thé gidi. Hién nay, ngudi ta tim
thiy trén 80 loai ky sinh thudc nhém nay, nhung chi
¢6 4 loai nguy hiém nhdt la M incognita,
M.arenaria, M. javanica va M. hapla. Cac loai nay
phén bé rong rai trén hdu hét cac ving néng nghiép
trén thé gioi (Nguyén Ngoc Chau, 2003).

Sdu hai cdy (insect)

Hang nghin loai sdu bo c6n trung an thuc vét,
sinh san va séng trong thuc vat hodc nho thuc vat.
Chung thuong hodc an 14 va mim non, hoac hut
nhua cdy. Nhitng siu an 14 thuong gy ton thuong
cho cdy. Loai khac an ré, hozc hat non. Vi du nhu bo
canh cling Colorado cia khoai tdy, cac loai chdu
chdu an 14 lGa; siu duc than ngo, lua; sdu xanh, siu
do, sdu dau meo hai 14, sdu duc than, sadu duc qua,
nhén, bo tri hai I4, rudi hai ndt sin & dau tuong. Céac
cdy chanh, cam thuong bi rép. Nhiing loai c¢on trung
hat nhya cdy thuong dung stylet dé xam nhép qua
céy va hut nhya tr md libe (phloem). Céy trong tinh
trang nay thuong bi thiéu hut cac chét dinh dudng,
gidm murc do sinh trudng va phat trién. Sau hai
thudng gdy ra ton thit [6n nhu rung 13 hodc héo la
hang loat trén dién rong. Ngoai ra, chung con la vat
trung gian dua céac virus, vi khuan va nim hai tir bén
ngoai vao ciy, giy lan truyén dich bénh.

Theo tong két cia Vién Bao vé thuc vat, trong
nhiing ndm gan day ¢ Viét Nam, luén xXuat hién cua
rdy niu, ray lung trang, bénh vang lun, lin xoén 4,
bénh dao 6n, bénh khé vin ¢ laa; bénh vang 14 ca
phé, bénh greening hai cam quyt, bénh chét rii vai
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thiéu, bénh chét nhanh chét cham & ho tidu, bénh héo
vi khuén hai céc loai cdy rau mau, sdu rém hai théng,
chau chéu hai ludng, rudi duc qua hai cac loai cdy in
qua nhu dao, tdo, man, xoai, nhdn, vai va thanh
long,... 44 pha huy trén dién tich rong dén hang ngan
ha cac cdy nong lam nghiép khac nhau, gay thiét hai
hang chuc ty déng (Ngé Vinh Vién, 2009).

Cac dang twong tac giira thuc vt va mam bénh

Pé tim hiéu qua trinh hinh thanh bénh va kha
ning ngan chin ching, budc diu tién cin 1am sang
to chinh la cac dang tuong tac gilia thuc vét va mam
bénh. Day chinh la phuong thirc ma tir mam bénh
gy ra bénh & cdy trong. Ré, ch01 l4, than, qua
non... déu c6 thé twong tac vai mam bénh. Mbi loai
séu hal, vi khudn, ndm... ky sinh trén cdy c6 cach
xam nhap khac nhau vao cdy: ¢6 thé xam nhap qua
I6p biéu bi bang tac dong co hoc hodc nho cac
enzyme dac hiéu, c6 thé di qua khi khéng hodc noi
mo té bao bi ton thuong.

Khi da xdm nhép dugc vao cdy, c¢6 3 dang tuong
tac khac nhau (Hammond-quack et al., 2000) thudong
quan sat thay gy héu qué nhat dinh ¢ thuc vét.

- Gay hoai tir (necrotrophy) - mé té Béo thuc vat
sau khi tuong tac bj hoai tu. Mam bénh lan truyén
manh gdy bénh dich [6n.

- Song cfng sinh (biotrophy) - té bao thuc vit
cung ton tai, mdm bénh séng nho vao chat dinh
dudng lay tu té bao cay. Mam bénh khu tri trong
mot cay, mot ca thé, khoéng lan truyén

- Ban cdng sinh (hemibiotrophy): lic dau té bao
thyc vat song cung vé1 mam bénh, nhung giai doan
cubi, mim bénh phat trién manh, diét chét cay. Mim
bénh lan truyén nhung khéng réng.

Tuy trong moi truong co6 rat nhiéu dang sinh vat
khac nhau cé thé xdm nhép vao ciy, nhung chi c6
mot phin nhé sau dé co thé giy bénh cho cay.
Nhitng nguyén nhén gy ra hién tuong han ché nay
nay c6 thé noi dén sau day:

(1) Co thé thuc vét khong phai luén la méi truong
thich hop cho mam bénh phat trién.

(2) ThL_l'C, vét ¢6 thé hinh thér}h cdc rao can hoidc tao
ra‘céc chat c6 doc 16 khi bi mam bénh xdm nhép, lam
mam bénh kho phat trién dugc -

(3) Khi nh;fin biét duoc su xam nhép, thuc vét hoat
hQa co ché bao vé sao cho ¢é lap viéc lay nhiém
mam bénh.

4) Diéu kién moi truong thay déi 1am cho mam
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bénh khé dat dén vi tri nhiém bénh ma c6 thé gay tén
thuong siu sic cho cay.

Cac truong hop trén déu la khéng tuong thich vé
di truyén. Riéng truong hop tht 3 goi la co ché
khang bénh. Dé hoat hoa cac phén tng bao v¢ nhanh
chéng tai vi tri xdm nhép clia mdm bénh, mdi t bao
cén c6 hé théng giam sat tinh vi. Hé théng nay hoat
dong trong cdy ngay ¢ trang thai binh thuong va co
kha nang phan biét cac tin hiéu xdm nhap tir bén
ngoai va phan biét cac co thé sinh hoc c6 loi hay co
hai. Trong trudng hop ¢6 loi s€ c6 su tuong thich vé
di truyén gifra cdy trong va vi khuan. Con trong
trudng hop cé hai, té bao thuc vit s& phai chuyen dbi
qué trinh trao doi chét binh thudng sang trang thai
phoéng thu nham ngdn chdn hoat dong cac enzyme c6
hai ciia mam bénh va cac doc té khac. Nhiéu khi
hién tugng nay gay doc va lam chét té bao tai chd vi
qué nhiéu cac chat khang khuan.

Bénh & cdy thuong lan nhanh, gy hai trén dién
rong cé- -thé giai thich bang 4 yéu t6 chu yéu
(Hammond-Kosack ef al., 2000) sau day.

i/. Dang ton tai ciia mam bénh hi¢u qua dén muc
cho phép téi tao chung nhanh va tin sb cao trong
mua sinh truéng dbi véi thuc vat.

ii/. Co ché lan toa rt nhanh nho gio, nuée hode
bang co thé sinh hoc vi du nhu sau bo, ray, tuyén
trung...

iii/. Dang tai tao khac béng cach hinh thanh cu
trac ¢6 khd nang duy tri su song khac (nhu bao tu,
chdi...) vao thoi diém cubi cua mua sinh trusng doi
vol1 thuc vat,

_iv/. C6 tinh da dang di truyén cao, c6 kha ndng
bién di cao va pho thich Gng rong.

v/. Tinh thuén chung cao cua céy trong va kha
nang thich Ung tdt ciia mam bénh.

Phin d&ng bao vé cia thuc vit

Khi ¢6 su xdm nhép cua mim bénh vao té bao
thuc vat, mdi té bao déu cé hé thbng tinh vi phan
ing lai, ching bao gbm ca hé théng cua té bao co
chirc nang bao vé ludn thudng truc sén sang va hé
théng tin hiéu dugc cam (ng boi sy tAn céng cua
mam bénh. Thuc vat luén phan biét dugc mam bénh
va cac sinh vt ¢6 loi.

Phan ting bam sinh cua thuc vét thuong theo hai
huéng chinh:

Thir nhdt: xudt hién phén ti két hop véi mim
bénh kich hoat su mién dich-PTI [pathogen-
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associated molecular pattern (PAMP)-triggerqd
immunity] trong thuc vat, ching bat dau nhan biét
cac tin hiéu tir mam bénh va hoat héa duong din
truyén tin hiéu nho MAP (mitogen activated protein)
kinase va cac gen phong thu khac.

Thir hai: chit ngoai bao kich hoat su mién dich -
ETI (effector-triggered immunity) tir mam bénh xam
nhap vao té bao thuc vét dugc biét nhu cac protein
khong gdy bénh (Avirulence protein). Céc protein
khang bénh (Resistance protein) & thuc vat nhén biét
c4c protein mo&i xam nhdp nay va hoat hoa duong
dan truyén tin hiéu. Ca hai truong hop PTI va ETI
déu phan tng tai chd va kich hoat su khang bénh co
hé théng- SAR (Systemic acquired resistance)
(Chisholm et al., 2006; Pandey, Somsich, 2009).
Qua4 trinh phan Gmg c6 sw tham gia cua nhiéu yéu 16
c6 ban chét phan tir khac nhau.

Cdc dang oxy hogt héa va cdc tin hiéu thiv cap

Khi bi nhiém bénh, thuc vat c6 nhing phan ing
tur vé sém nhat tir viée san sinh ra mot sb dang oxy
hoat héa - ROS (reactive oxygene species) nhu H,O,
va nitric oxide (NO). Tiép theo d6 1a xudt hién hé
théng tin higu thi cap nhu jon Ca®* va salisilic acid

(SA). H,0, cling nhu mét sb6 ROS khéc, duoc san
sinh ra khoang 5 phut sau d6. Pay la két qua cua
hoat dong NADPH oxidase trén mang té bao. H,O,
c6 thé gay doc ngay cho mam bénh va tiéu diét mam
bénh ngay tir nhiing phut dau tién. Véi sy ¢ mit cua
Fe, H,0, c6 thé chuyén héa thanh gbc tw do OH*,
chét nay c6 tac dung hoat héa qué trinh tao lignin
cho mang té bao, lam cho mang té bao khang cu lai
duoc v6i su xAm nhidém cha vi khudn va tac dong cla
enzyme vi khuén. Ngoai ra, H,O, con thuc day viéc
tao ra SA, nhu tin hiéu dac thu cla hién tugng SAB,
¢ nhitng ving lan can khac cia cdy (hinh I), san
sang khang cu lai voi sy lan nhiém cda mam bénl}
néu ¢6 xay ra. H,O, con cam ung céc gen bdo vé té
bao nhu céc gen tong hop glutathione (Neil er al.,
2002).

NO la phan tir tin hiéu nhan biét sy xam nhap
clia mim bénh. NO gin v6i nhan heme va wrc ché
catalase va ascorbate peroxidase, cac enzyme chuyén
hoa nhim loai bé H,0, trong té bao. Ngoai ra, NO
kich hoat phan trng bao vé cda thuc vat: hoat hoa su
tao thanh cac mRNA cua cac gen bédo vé té bao. Uc
ché tong hop NO trong diéu kién nay cho thiy cac
triéu tring mac bénh cia cay khéc liét hon (Neil et
al., 2002).

PE protein &
vi tri 1an cén

Vi khuén

Hinh 1. M6 hinh sw khang bénh c6 hé théng- SAR (Systemic Acquired Resistance): khi xuét hién mam bénh: hién tuong
nhiém bénh tai cho kich thich tich IGy salicylic acid (SA) va hinh thanh tin hiéu b6 mach (phloem-mobile signal) & cac vang
1an can, hoat hoa cac gen ma hoa cho protein lién quan dén mam gay bénh (pathogenesis-related protein — PR protein) dac

hiéu (theo Hammond-Kosack et al., 2000).
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Salicylic acid 1a tin hiéu xuét hién khi ¢6 su xam
nhap mam bénh, lan truyén dén cac vlng, cac co
quan lan can cua cdy, hoat héa gdy SAR & céc ving
d6. SA ac ché hoat tinh cia catalase, thic dfiy san
sinh ra ROS. SA cam (ng tong hop cic protein
kinase 48 kDa (SA-induced protein kinase — SIPK)
dang MAP kinase va hoat hoa hé thong bao vé ¢
thuc vat. SA ddng thoi cam (mg téng hop PR-1
(Pathogenesis-related protein 1). SA va NO hiép luc
cing thire ddy hé thdng bao vé té bao.

Cac hop chat khang khuin, khang nim véi
KLPT nho dugc tong hop tai chd. Mot trong nhiing
hop chit dau tién duoc tim thdy la phytoalexin.
Enzyme téng hop phytoalexin tir phenylalanine
chinh la phenylalanine ammonia lyase.

Ton Ca® 14 hé thong tin hiéu .hir cap, dugc hoat
hoa boi ABA hodc cac hormone «hac nhu jasmonic
acid (JA) hodc ethylene. lon Ca® kich hoat cac yéu
tb phién ma — TF (transcription factor), diéu khién su
biéu hién cac gen li€n quan den tinh khang bénh.
Tiép theo, hé théng tin hiéu hoat hoa syr tong hop cac
PR protein va cac enzyme protease tic ché mam bénh
(Klessig et al., 2000).

Phén trng man cam dic hi¢u

Phin tGng man cam dac hiéu HR
(hypersensitive response) thuong dugc biéu hién
dau tién trong vong 24 gi¢ sau khi xuat hién sy tdn
cong cia mam bénh. Pdng thoi HR ciing giy ra
hién tugng chét ¥ bao dugc chuong trinh hoéa
(Programmed cell death — PCD) tai vi tri xam
nhiém. Hién tuong nay con goi la hién tuong hoai
tar tai chd (apoptosis), nhdm ngan chin su song va
lay lan cia mam bénh. SAR xay ra tu 24 - 48 gio
sau khi xdm nhiém va c6 thé kéo dai dén mot thang,
Day la qua trinh phan tng tong hop réit phic tap
cing dong thoi ¢6 sy tham gia cua nhiéu gen va
duogc hoat hoa béng nhirng co ché khac nhau.

Nhu vdy, ndm, vi khudn, virus... khi xdm nhidm
tao ra mot loai céc tin hiéu, hoat héa mét cach co hé
thong cac gen md hda cho protein déc hiéu lién quan
dén mam gy bénh nhu PR protein theo co ché goi la
su khang bénh co hé théng SAR: hién tuong chét
hoai tai chd kich thich tich iy SA va hinh thanh tin
hiéu bé mach ¢ cic vang lan cin va cudi cung la
hinh thanh hién tugng khang bénh & thuc vat
(Hammond-Kosack ef al., 2000, Dickinson, 2000).

Hién twong khdng bénh va ban chiit phin tir ciia
chiing

Trong truong hop séng cdng sinh (biotrophy) c6
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thé xay ra hién tuong khang bénh. Co so di truyén
cua hi€n tugng nay. hay con goi la tinh khang bénh
la su twong tac dac hiéu tinh vi gitta céy trono va
méam bénh. Hién tuong khang bénh xay ra khi té bao
thuc - vat va mam bénh khong tuong thich
(incompatible) hay con goi la khang cu.

Vao thé ky 19, sau khi c6 dinh luat di truyén cia
Mendel, cac nha khoa hoc nhan thiy tinh khang bénh
& cdy thuong 1a gen trdi hoac ban troi. Tiép do, sau
nhirg nam 1940, Nha bac hoc Harold H Flor nghién
cru nim gi st trén cdy lanh (flax) va da phat hién ra
su twong tac di truyén trén ca mam bénh tuong ung,
md hinh tuong tac “gene for gene” ra doi tur do. pé
c6 duoc hién tuong khang bénh o cay, cin ton tal
khéng chi c6 gen khang tréi hodc ban tri ¢ cay
(dominant resistance gene - R gene) ma con cén ca
gen khong gy hai cing mang timh tr6i (dominat
avirulence gene — Avr gene) & mim bénh. R protein
- san pham biéu hién cua R gen, nhin biét Avir
protein tu mam bénh duoc xam nhép vao té bao thuc
vat va kich hoat phan ung khang cua thuc vat.
Thuyét “gene for gene” dugc chdp nhén tir nhiéu
nam nay. Nhu vdy, hién tuong khang bénh co thé
dugc quan sat théy khi mam bénh tuong tac voi thuc
vat ma co két qua vo tinh, khong gy bénh cho thuc
vat. Sy tuong tac nay thudng co tuong thich vé di
truyen nhu vay, thuc vat bang cach nao d6 van han
ché cac chuyén héa thic ddy cho qua trinh phat trién
céc biéu hién vé triéu ching bénh. Va két qua 1a can
trg dugce su huy hoai md té bao tham chi ca khi thuc
vét bj nhiém bénh nang.

CAC PROTEIN LIEN QUAN PEN MAM GAY
BENH VA CAC PROTEIN KHANG BENH

Protein lién quan dén mim gay
(Pathogenesis-related protein - PR protein)

bénh

Sau khi bi nhiém bénh, & thuc vét c6 cac phan
Ung tu vé - hién tugng khang bénh cd hé théng
(SAR) va da phat hién duoc nhiéu nhém protein lién
quan dén mam gay bénh — PR protein. Cho dén nay,
ngudi ta da thbng ké dugce 17 nhém PR protein, dai
dién cia ching la cac protein dugc phat hién lan dau
tién (bang 1), bao g6m nhiéu loai vé&i cic chirc nang
khac nhau (van Loon er al., 2006). Chung thuong
xuit hién trong mo té bao sau khi lay nhi€ém bénh tir
vai phit dén vai gio. Chiing déu 1a cac chat khang
khuén, khang nim, khdng oomysete... va tham gia
vao bio vé té bao thuc vat khoi céc tic dong cua
mam bénh.
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Bang 1. Cac nhém PR protein (van Loon et al., 2006).

Ho protein Tén protein Pac tinh Ky hiéu gen
PR-1 PR-1a (thubc I4) Khang ndm va comycete Ypr1
PR-2 PR-2 (thubc la) B-1,3-glucanase Ypr2
PR-3 P.Q (thuéc 14) Chitinase dang L,il,IV,V,VI,VII Ypr3
PR-4 R (thudc 1) Chitinase dang 1,11 Yprd
PR-5 S ((thubc 14) Thaumatin-like Yprs
PR-6 Inhibitor1 (thuéc |4) Proteinase-inhibitor Ypr6
PR-7 P69 (thudc 1) Endoproteinase Ypr7
PR-8 Chitinase (dwa chudt) Chitinase dang llI Ypr8
PR-9 lignin-forming peroxidase (thudc 1) Peroxidase Ypr9
PR-10 Parsley PR-1 Ribonuclease like Ypr10
PR-11 classs V chitinase (thudc 13) Chitinase dang | Ypr11
PR-12 Radish Rs-AFP3 Defensin Ypri12
PR-13 Arabidopsis THI2.1 Thionin Ypr13
PR-14 LTP4 (dai mach) Lipid-transfer protein Ypri14
PR-15 Ox0a (dai mach) Oxalate oxidase like Ypri15
PR-16 OxOLP (dai mach) Oxalate oxidase like Ypr16
PR-17 PRp27 (thubc l4) Khéng ré Ypr17

Nhém PR-1 duogc coi la chi thj cho SAR & thuc
vat, tuy vy chirc ning cta chung cho dén nay van
dang con dugc ban luan. PR-1 ¢6 trong hau hét cac
cdy trong va c6 dén 35% tuong dong gilta cac loai
PR1 ¢ trong cliing mdt loai cdy trong cling nhu trong
cac loai cdy tréng khac nhau. Trong thubc 1a c6 dén
16 loai PR-1, ching cé thé chia thanh cac loai: loai cé
tinh acid, ¢6 tinh kiém, con ca chua ¢6 4 loai. O
Arabidopsis c6 26 gen, con lia nuédc c6 39 gen mi
hoa cho cac PR-1 protein. Vi du: PR-1a ¢ lta nuéc c6
KLPT 15,7 kDa va phan tng v&i ndm gy bénh (Kim
et al., 2000). T4t ca cac PR | déu c6 céu tric chung
nhu trong phén tir ¢6 4 xodn o , 4 chudi B va chia 6
goc Cys. Cu tric nay cho thdy ching ¢6 mét hodc vai
chiic nang quan trong trong viéc nhén biét va twong
tac voi cac protein khac. Biéu hién PR-1 lam tang
cudng khang khuén, khang virus, khang ndm va sau
bénh ¢ mirc d6 khac nhau ¢ cac céy trong.

Nhom PR2 la B-1,3-endoglucanases va PR-3,
PR-4, PR-8, PR-11 la endochitinases, chung déu la
cac enzyme phan huy polysaccharide ctia thanh té
bao nam, vi vdy, ching c6 kha nang khang nim. Cac
chitinase cling nhu proteinase inhibitor (PR-6) con
¢6 thé tac dong 1én tuyén tring va siu bo. Nhom PR-
8 co hoat tinh lysozyme va c6 thé truc tlep khang
khuan.

Cac nhom PR-12, PR-13 la defensin va thionin
ciing nhu nhém PR-14 déu 14 cac chit khang khuén
va khang nim. Defensin thue vat Ia ho peptide c6 tinh
kiém, giau Cys v6i KLPT nhé hon 7 kDa. Su tich lity
defencin trong mé té bao thuc vét thudng duoc cam
ung boi ethylene va JA ma khong cam ung béi SA.
Cau tric cla defensin thuc vat gidng nhu cAu tric cia
peptide dang nay ¢ con trung, chim va dong vét khi
phan ang véi su xdm nhiém ctia vi khuan.

Nhém PR-5, osmotin (thaumatin-like) cé kha
nang khang ndm. Nhém PR-9 la peroxidaxe hoat
dong trén mang té bao, hoat héa qua trinh lignin héa
thanh té bao khang khuén ciing nhu nhiéu loai mim
bénh khac. PR-10 c6 hoat tinh ribonuclease yéu c6
kha nang khang virus. Ba nhém PR-15, PR-16 va
PR-17 déu la dang oxalate oxidase c6 hoat tinh SOD
tao thanh dang ROS - gay doc cho mam bénh cling
nhu hoat héa cac duong dan truyén tao ra sy khang
bénh.

Cac nhém protein khang bénh

Nhiéu nha khoa hoc da tim cach phén ldp cac
gen khang bénh dé nghién ctu tinh chét sinh héa va
chuc ndng cua nhitng protein tuong ng. Trén thuc
té, qué trinh nhan biét tin hiéu clia mam bénh, hoat
héa cac hé théng bio vé va cac gen khang bénh rat
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phirc tap, & ddy cé su tham gia cua rat nhiéu gen
khac nhau & cac loai thuc vét. Cac protein dugc téng
hop va lién quan dén qui trinh khang bénh duoc
phén lap tir nhiéu loai cay trf‘)ng mot la mam va hai la
mém. Trong cdu tric phén tir cua chiing c6 nhirng
vung bao thu dac trung dé tuong tac véi cac protein
khac. Dua vao cac vung nay, cac R-protein dugc
phan Joai c6 thé chia thanh 6 nhém chinh: eLRR
(extracellular LRR); NB-LRR, kinase...(Hammond-
Kosack ef al., 2000). Tuy nhién cho dén nay, viéc
phét hién thém cac vang méi da khéng giéi han ¢ 6
nhom R-protein. M6t sé ving chure nang chinh dugc
mo ta sau day.

Nhom LRR-TM

Nghién clru su tién hoa cta cac chit thu thé
(receptor) clia vi khuan, cic nha khoa hoc da phat
hién thdy cac chat thu thé huéng ra phia bén ngoai cé
ving gdm cac doan lip lai giau leucine & déu C
ngoai té bao — eLRR (extracellular carboxyl-terminal
leucine-rich repeat domain) va doan chuyén mang —

Tran Thi Phuong Lién

TM (transmembrane) dugc xudt hién dau tién va
thudc vao nhém chit c6 xua nhat. Dai dién cua nhém
nay tim thdy & ca chua — Protein Cf (Cladosporium
Julvum) khang nim giy bénh mébc la (leaf mold)
(hinh 2). Chiing con duge goi 1a protein dang thu thé
— RLP (receptor-like protein). Ving eLRR nam phia
ngoai cia mang té bao ¢ chirc nang nhu chat thu thé
nhén biét motif phan tir ciia mam bénh nhu vi khuan,
virus hodc nidm. LRR thude dang protein nay co
doan lap lai 24 amino acid (aa)

Leu-xx-Leu-xx-Leu-x-Leu-xx-Asn-x-Leu-x-Gly-
xIso-Pro-xx-Leu-Gly-x

(trong d6 x 14 aa bt ky)

_ Ving LRR chia thanh 3 ving nhé hon: ving gin
dau N chua tur 21-28 doan lap lai; ving & gita chira
doz;n aa khdng bao thu va khéng lap lai, con vung
cudi chira 3-4 doan lap lai. Cf4 cé 25 doan lap laj,
con Cf9 ¢c6 27 doan lap lai nay & gfin dau N (de Wit
et al, 2002).
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Hinh 2. So' 3 cac nhém protein khang bénh — R protein véi cac viing chirc nang chinh: NB (nucletide binding site) ving
gan voi nucleotide ; LRR (leucine — rich repeat) — viing cac doan 13p lai giau leucine;CC (coiled-coil) - trinh tu cugn; TM
(transmembrane) - doan chuyén mang; Kin- Kinase; TIR- (Toll/interleukin-1/ receptor) — thu the Toll/ IR 1; ARC- [Apaf-
1(Apoptotic protease-activating factor-1), R protein va CED-4 (Caenorhabditis elegans death-4 protein)] - phirc hé protein ;
WRKY motif — dac trung cho mét dang TF (Tameling, Takken, 2007).
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Nhoém LRR-TM-kinase

Dang chat thu thé tht hai ¢6 3 viing: eLRR, TM
va thém ving kinase (cytoplasmic kinase domain),
con goi 1a kinase dang thu thé — RLK (receptor-like
kinase). Pai dién cia nhém nay la Xa2l, Xagé
protein & lua gao khang bénh bac 14 10a do vi khuén
X. oryzae pv. oryzae gay ra (hinh 2). Ving LRR cia
RLK protein giéng nhu LRR cua RLP protein déu c6
cac doan lap lai bdo thu 24 aa, su khic nhau & diém
khong chia thanh ba ving nhé hon (Tameling,
Takken, 2007).

Ngoai hai nhém ké trén, trong ca chua con co
Vel va Ve2 déu chita eLRR va vung PEST (theo
trinh tu tén aa) tin hi¢u dé phan huy protein va motif
RME (receptor-mediated endocytosis) (McDowell ef
al., 2003).

Nhoém NB-LRR

Tuy nhién, trong hé thuc vat phat hién théy
nhidu nhét 1a cac chat thu thé dang NBS (nucletide
binding site) hodc co tai liéu duge biét la ving NB
(nucletide binding domain). Dy 1a nhom R protein
voi dic diém cdu tric cé cac doan lap lai giau
leucine — LRR [carboxyl-terminal (C-terminal)
leucine — rich repeat domain] trong trinh tu aa & ddu
cudi C va c6 diém gin voi nucleotide (NB) & viing
trung tdm (Hammond-Kosack et al., 2000, Meyers et
al., 1999, Tameling, Takken, 2007). C6 hai loai NB-
LRR chinh:

- Toll/interleukin-1/ receptor (TIR) & dau cubi
N, gibng véi Toll protein ctia rubi ddm Drosofilla va
thu thé interleukin (interleukin receptor - IL-1R) cua
déng vat c6 vii, ma chung ¢é phan (mg mién dich. Vi
vay, su c¢6 mat cia viang TIR dy doan cé chirc nang
bao hiéu nhin biét tin hiéu. Nhom nay ky hiéu la
TIR-NB-LRR.

- Non TIR: diy la dang Leucine zipper — LZ
(LZ-NB-LRR) theo Hammond-Kosack et al. (2000),
con goi nhdém nay la coiled-coil -CC (CC-NB-LRR)
la trinh ty cudn ndm gitta ddu cudi N va ving NBS
theo McHale (2006). Dang trinh tu cudn nay co6 chic
nang hd tro cho su tuong tic gitta protein véi nhau.

Protein dang NB-LRR & thuc vét la loai protein
twong ddi 16n véi KLPT tir 860 dén 1900 aa. Day la
nhom protein 16n ¢ thuc vat. T nam 1994, protein
dau tién dang nay dugc phén 14p, cho dén nay, hang
tram protein NB-LRR duoc cong bé: & Arabidopsis
(khoang 150), lia gao (~400), cay rau d,ep (~400)
(Tameling, Takken, 2007). Trong céu tric cua
protein, ngoai 2 vung chinh 12 NB, LRR va céu tric

TIR, protein dang nay con hai ving cAu tric khéc
nita: & ddu N va d4u C tao nén su da dang clia nhém
protein. D phat hién thiy khoang 5 dang NB-LRR
¢6 cac ving ddu N va diu C chira cac viing bao thil
khac nhau. Pic diém cua céc ving chinh thudc cac
dang nay dugc mo ta sau day.

Ving NB: NB protein la nhém protein 16n
trong thuc vat. Nam 1999, nghién ciru trén Ngan
hang gen va cac gen dugc phén ldp tir Arabidopsis sit
dung cac trinh ty bao tha trong ving NB di phat
hién thay 248 gen ¢ chira vung NB, chiém khoang

1% tong sb gen clia cdy nay. Con & lua nudc — 104
gen thudc dang nay. Trong khi d6 & cac cay khac
nhu diu tuong chi c¢é 14 gen, ca chua — 14 gen,
khoai tdy - 15 gen, lua my - 12 gen, ngd — 12 gen.
Trong 26 loai thuc vat nghién ciru déu co it nhét 1
gen, loai nhidu nhat 13 drabidopsis — 248 gen
(Meyers ef al., 1999). Bén nam 2006 da co trén 1600
trinh ty gen mi héa cho NB dugc cong bé (McHale
et al., 2006).

NB-ARC: Ving bao thi dic trung nhét cia NB
protein la ving gin véi phosphate-P  loop
(phosphate-binding loop). Vi vdy, NB-LRR protein
con xép vao nhém protein 16n goi la STAND (signal
transduction ATPase with numerous domains)
protein - protein tin hidu truyén ATPase véi cac
viing cdu triic. Phdn 16n cac NS-LRR protein déu ¢
viung ARC [Apaf-1(Apoptotic protease-activating
factor-1), R protein va CED-4 (Caenorhabditis
elegans death-4 protein)] gan véi ving NS & dau N.
Chu tric tinh thé cua Apaf-1 ciing chi ra ring NR-
ARC dugc tao thanh tir 4 domain khéc nhau P-loop
hinh thanh cdu tric gom 5 doan gip nép B cudn lai
gidi han bang doan xodn o (five-stranded B-sheet
flanked by a-helices). ARC ¢6 3 loai, trong thuc vat
thuong thdy 2 loai 1a ARC1 va ARC2. ARCI hinh
thanh tir 4 xon cudn thanh bo (four-helix bundle),
con ARC2 hinh thanh viung xoin dang céanh
(wingged-helix domain).

Trong ving NB ¢6 dén 7 doan trinh tu bao thu
chinh. Ngoai hai doan Kinl va Kin2 cé gin véi P, 4
doan con lai dugc ky hiéu la tr RNBS-A, RNBS-B,
RNBS-C, RNBS-D va cudi cing 1a motif GLPL
(theo trinh tu tén aa). Trong 7 doan d6, c6 5 doan
bao thi chung cho tit ca cac protein dang NB; con
hai doan RNBS-A va RNBS-D ¢6 trinh ti dac trung
riéng cho hai loai: cac protein dang TIR-NB va cac
protein NB khéng chira TIR.

Nam motif bao thu dic trung cho NB protein
bao gom nhiing trinh ty sau day: i/. P-loop Kin-1a: la
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trinh tu GVGKTT. Trong mét s truong hop, vi tri V
c6 thé thay bang Q hoac S hodc I; con T thay bang E
hoic R, ii/. Kin-2: la trinh tu LLVLDDVW; iii/.
RNBS-B; iv/.. RNBS-C; va cudi cing v/. Trinh tu
bao thu GLPL (Meyers et al., 1999). Hai motif nira
gibng v&i protein dang nay ¢ nguoi 1a motif MHDV
(tén theo trinh tu aa) va ving neo (anchor region).
Nghién clru cac motif nay cho thay hai gbc aspartic
acid trong ving Kin-2 ¢6 chirc nang tuong tac voi
goc P thr 3 chia ATP va gii thé cén bang gilta ion
Mg> véi ATP trong phén ung chuyén phosphorus
(phosphotransfer) (McHale et al., 2006).

Ving LRR: Cu trac LRR tim thdy trong hon
2000 protein tlr vi khuan dén té bao nhan thuc, tham
gia vao qua trinh tuong tac gilra cac protein hodc
protein véi cac phdi tir. Trung binh, s doan LRR
trong mot protein khoang 14, dao dong tir 8 dén 25
doan phu thudc vao tirng loai protein & Arabidopsis.
Tuy nhién, trong cac loai khac c6 thé con s6 nay con
cao hon. Vi du nhu Dm3 & cdy rau diép thuge CC-
NBS-LRR, LRR ¢6 dén 47 doan lip lai. M&i LRR
chtra khoang 14 aa c6 cdu tric Leu-xx-Leu-xx-Leu-
xx-Leu-xxCys/Asn-xx (x la aa bat ky) va hinh thanh
dang gép nép B. Py la ddc diém khac véi ving LRR
cla cac protein LRR-TM, LRR-TM-kinase ¢4 doan
ldp lai bao thu dai hon: 24 aa. Giita cdc LRR la doan
aa dai tr 0 dén 30 aa.

LRR c6 thé tuong tic véi protein khéc hodic cac
chét khac va du doan Ja ¢é chiic ning nhén blét Avr
protein tir vat gdy bénh. Cu trac LRR c6 gip nép
B (B-strand/B-turn) giéng nphu cdu tric cia
ribonuclease inhibitor cta lon, bén trong 15i 14 phin
ky nuéc, con phia bén ngoai la phin wa nudc co thé
tuong tac v6i cac protein khac glong nhu méng
ngua. Gia thiét rang sy tuong tac nay giong nhu méi
gi6i phan tir (chaperone) va né doi hoi su c6 mit cia
mot s6 Hsp90, Hspl7 va protein co-chaperone nhu
phosphatase 5, SGT1 va RARI.

WRKY motif: WRKY la mot ho protein TF én,
& Arabodopsis ¢6 khodng 74 thanh vién, con ¢ la
nuée - 109, du du - 66, cdly duong (Populus spp) —
104, cay lia mién (Sorghum bicolor) — 68 thanh
vién... thugc ho nay. Trong ciu trac phdn to cua
ching c6 viing bao thi duoc goi la ving WRKY ¢6
chira doan trinh ty peptide WRKYGQK va motif ddu
Zn (zinc finger motif). Ving nay c¢6 kha ning gin
vOi vi tri trén DNA goi 1a hép W (W box) ¢6 trinh tur
C/ITTGACT/C. Bang cach khac, WRKY TF ¢6 thé
lién d&i v61 MAP kinase trong nhén te bao, sau do,
MAP kinase hoat hoa duong din truyén tin hiéu dén
gen dich. Biéu hién TF nay c6 thé lam tang kha ning
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khang khudn, nAm & nhiéu loai cay trdng (Pandey,
Somsich, 2009).

Cac R-protein dang TIR- NB-LRR chua phat
hién thay trong cdy mot la mim, con dang CC-NB-
LRR co trong ca hai loai: ¢ cdy mot 14 mam va hai la
méam. T4 tién cua cac gen dang nay tur xa xua khong
chira intron, nhung cac gen ngay nay chi mot s6
khéng chira intron nhu RPM 1 va RPS2; con Prf, Mi,
12-C1 chia intron & gan vang 5’UTR; Xal c6 2
intron va RPP8 ¢4 3 intron.

Céc R protein dang nay déu cé vi tr gén trung
tdm v01 nucleotide (NB). Pt bién diém lam thay d6i
mét sb aa trong ving nay anh hudng dén hoat tinh
cia R protein thdm tri loai bo hin tinh chét cua
protein. Ving nay giup cho R protein gin v6i ATP,
GTP va hoat héa kha ning béo vé. C6 gia thiét ring
NB nhu viung tiép hop dé ndi giita ddu C cua LRR
v6i ddu N clia céc chét thu thé khac.

Nhém nay c6 dai dién cia R protein &
Arabidopsis nhu R protein khang vi khuén RPS2,
RPS4, RPS5, RPMI; R protein khang ndm RPPI,
RPP8. R protein khang nadm & cdy lanh la L5, L6,
L7. R protein khang virus & khoai tdy nhu Rx; R
protein khéng tuyén trung & khoai ty nhu Gpa2.

Serin /threonin protein kinase

Dai dién la Pto do vi khuén Pseudomonas
syrinas gy bénh hoai tir vi khuén & ca chua. Pro - la
R gen, don gen trén 01 locus, twong tic thing véi
AvrPto - vai trd quyét dinh trong viéc khang bénh
dic trung cho loai. Pto cin Prf ¢6 chu triic NBS-LRR
dé hoat hoa dudng dan truyén tin hi€u

Toxin reductase: Hml do nidm giy dém la
Cochliobolus carbonum (leaf spot) & ngd

Thu thé kién két G-protein (G-protein coupled
receptor)

G-protein 1a mdt nhém nho thude ho GTPase,
ching gan va thiay phan GTP dé s dung néng luong
GTP cho qua trmh tuong tac nhu thy thé véi phéi tir.
G-protein c6 3 tiéu phan nho o, B va y Dai dién cua
nhom nay la Mlo protein khang nim gdy bénh phan
tring (powdery mildew) Erysiphe graminis & dai
mach.

Ngoai cac nhém R protein ké trén con c6 cac
dang R protem ¢6 chu tric khéc nita nhuy- Rpgl cua
ngd c6 dén hai vung kinase; RPW8 cta Arabidopsis
chira ving neo trén mang (membrane anchor) dugc
két hop voi ving CC.
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Avir protein

Avr gen & mam bénh la yéu té quan trong trong
qua trinh khang bénh. Tin hiéu nhan biét mam bénh
thuorng 1a protein vo virus, replicase, protein mang..
cua mam bénh. Chirc néng cua Avr gen déi véi co
thé mam bénh hién van con dang nghién ciru vi trén
thuc té qua trinh khang bénh lai nim ngoai su phat
trién binh thudng cua cac sinh vdt gay bénh nay.
Nam 1984, lan déu tién Avr gen duoc phan lap béng
ky thuat “Shortgun cloning” tur vi khuan. cho dén
nay, nhiéu Avr gen cua vi khuan da dugc phan lap.
Chu tric phan tu cua cac Avr gen khac nhau. Tuy
nhién, Avr thuong cé ving cé tinh tuong déng cao
vai mét vai Avr khac tao thanh ho gen. *

Gen avrBs3 1a ho gen, phan lap tor vi khuan
Xanthomonas campestris gay ddm, héo lui o cay ot.
ca chua. Cac protein thuéc ho nay khac nhau boi
doan lap lai, 13,5 dén 25,5 doan lép lai gém 34 aa.
Cau tric cua AvrBs3 protein ¢6 3 ving: ving giira
¢6 17,5 lan lap lai doan 34 aa; dau C c6 chira doan
trinh tu dinh vi nhan-NLS (nuclear localization
sequences) lap lai 3 lan va dau N. Avr protein tuong
dbi 16n, c6 do dai trén 1000 aa. Dot bién mét doan
khac nhau ¢ ving gitra s& lam thay ddi hoat tinh cua
Avr protein. Protein nay dugc chuyén vao té bao
thuc vat thong qua hé tiét dich Il cua vi khuan.
Ving NLS duge nghién ctu va cho thay ching co
thé hudng Avr protein di vao nhén ctia té bao thuc
vat dé hoat héa gen khang bénh.

Cac Avr protein khac c6 do dai khoang 95 aa dén
300 aa va thudng c6 chirc ning tin hiéu. Trong sé do
¢6 cac Avr protein tir gidc mit cua nam gay bénh. Cac
Avr protein tir ndm gdy bénh gi sit & cay lanh:
AvrL567, AviM, AvrP123, AvrP4 déu la cac protein
nhé duoc tiét ra tor t¢ bao nim (small secreted
proteins). AvrP4, AvrP123 con la protein giau
cysteine (tir 4-6 gbc Cys trong phan tr protein) giong
nhu Avi9 tr Cladosporium fulvum nam nhiém bénh
cho ca chua (Catanzariti et al., 2006). Con AvrP123
va Avr2 (tor C. firlvum) la cac protease inhibitor. Trong
“truong hop cua aveD locus cua P. svringae pv.
glveinea ¢ cay dau tuong, enzyme ma hoa bang gen
nay da san sinh ra syringolides. Chét nay khéi dong su
khang bénh do Rpg4 chiju trach nhiém.

CAC THUYET VE HOAT DONG CUA PROTEIN
KHANG BENH

Thuyét “gene for gene” duoc cong nhan tir nhiéu
nam nay. R protein nhan biét Avr protein tir mam

bénh trong nguyén sinh chit va hoat héa hé théng
khang bénh cua thuc vat. Nhu vy, R protein co hai
chic nang chinh: nhin biét tin hiéu cua Ayt protein
va kich hoat duong dan truyén tin hiéu dé co duoc
phan Gang khang bénh mét cach co hé théng trong
toan bd thuc vat.

Tuy nhién, trong mot sé truong hop co ‘hign
tuong khang bénh nhung khong phat hién thiy R
protein cling nhu sy tuong tac nhan biét R/Avr
protein. Nam 1998, mét sb luong 1on cac protein ¢
cdu trac NB-LRR giéng nhu R protein duoc phan
lap, ngoai ra, trong té bao cac dang protein ¢6 cac
vung bao thu tuong tu cang khéng phai la sé luong
nho. Tinh da dang cua Avr protein lam cho su dac .
hiéu R/Avr protein kho tim thdy. Ngay trong L6
locus cua cdy lanh clng co dén 13 allele khac nhau.
Vi viy, thuyét bao vé (guard hypothesis) duoc hinh
thanh: R protein nhan biét va tuong tac véi protein
khac trong té bao thuc vat ma da bi cai bién ¢ chu
dich do mam bénh, 1a c¢6 thé hoat hoa hé thong
khang bénh cua thyc vat (Mc Dowell ef al.. 2003: -
Dangl er al., 2006).

Hoat dong ciia gen khang bénh & vi khuén

Trong trudng hop dbi voi vi khuan, hién tuong
khang nay rat phuc tap, phan (ng khang vi khuén
clia té bao thuc vat co thé xay ra nhu sau: Protein
gdy nhlem bénh (virulence protein) duoc san sinh ra
trong té bao vi khuan va tiét ra ngoai té bao theo hé
théng tiét typ 1l — TTS (type 111 Secretion system)
déi voi cac chi vi khuan nhu Psedomonas, Erwinia,
Xanthomonas va Ralstonia (Thanassi, Hultgren,
2000, Buttner, Bonas, 2002). Mgt trong nhirng thanh
phan cla hé thong tiét TTS la protein phan Gng man
cam diac hiéu Hrp (hypersensitive response and
pathogenicity) clia vi khudn. Hip gen la co so cho
tinh gay bénh va cling la co s¢ cho tinh khiang bénh.
Hrp gen ma hoa cho nhiéu protein chiu trach nhiém
tiét ra ngoai té bao, khoang 20 loai protein khéc
nhau. Trong trudng hop Avr protein cling dugc tiét
ra ngoai té bao vi khuan theo TTS va xdm nhap vao
té bao thuc vat. Avr protein & Pseudomonas svringae
cling déu di theo dudng nay. Sau do, R protein nhan
biét Avr protein trong nguyén sinh chét (cing nhu
trong nhan té bao thyuc vat) va kich hoat hé théng tu
bdo vé chiu trach nhiém khang vi khuén cua thuc
vat. Cac R protein nhu Pto, RPS2 va RPMI va cac
Avr protein tuong ung déu hoat dong theo hudng
nay (Bogdanove, Martin, 2000).

Hoat dong ciia cac protein khang bénh & nim

Trong cic dang mam bénh, nam ky sinh trén té
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bao vat chu trong trang thai dang sdng va phat trién
binh thuong. Bao tu nam bam vao thanh té bao 1a
thyc vat, ndy mam phat trién thanh soi nim
(hyphae), hinh thanh chot xam nhiém xuyén qua
thanh te bao va phat trién thanh gidc mat. Khi ¢é sy
tuong tac gilta nam va té bao thuc vat, cic Avr
protein duoc hinh thanh tir soi ndm va tir giac mat
s& duoc chuyén vao nguyén sinh chit cua té bao
thuc vat bz“ang cac con duong khac nhau. Avr
protein la cac protein nhé trong gidac mut duoc tiét
dich vao té bao thuc vét ciing véi cac protein khac
qua cac mang giac mit. R protein trong nguyén
sinh chét nhan biét Avr protein va hoat hdéa hé
théng tin hiéu bao vé cua té bao thuc vit. vi du nhu
trong su khang bénh ndm gay bénh gi sit & cay
lanh, AvrL567 dwugc nhén biét bang L4, L6, L7

Kich hoat
phan Gnn
hao vé

Soi nam

Trin Thi Phuong Lién

protein, cling nhu cac AviM, AvrP4 dugc nhin biét
bang M va p4 protein, nhung AvrP123 la dang
protein giau Cys c¢6 hoat tinh protease inhibitor, c6 J
chiic nang ngin chan cac protease phan huy cac
protein ctia ndm chuyén vao té bao thuc vat.
Truong hop thir 2: tr giac mat hinh thanh dang tai
nho chia cac protein, trong d6 c6 Avr protein, hé
thong ndy néi véi ER hodc hé théng Golgi cia té
bao thuc vat va chuyén protein vao nguyén sinh
chat Vi du nhu RPP1 protein khang bénh phan
tring & Arabtdopszs va nhén biét Avr protein trong
luéi ndi bao (ER). Ngoai ra, tir soi ndm, Avr
protein ciing c6 thé x4m nhédp thing vao nguyén
sinh chét va tuong tac v6i R protein vi trong giac
mat khéng phat hién thiy Avr protein — trudng hop
thr 3 (Hinh 3) (Catanzariti et al., 2007).

Nguyen
sinh chét

h1=mg Qific mot

Thanh gigc
mut

R protein yich host
Avt protein phan tng
- hao vé

i Wit chil
hien doi

Té bao thuc vit

Hinh 3. M6 hinh hoat ddng ctia protein khang bénh & n&m: 1. Avr protein trong giac mut duoc tiét dich vao té bao thuc vat.
R protein trong nguyén sinh chat nhan biét Avr proleln va hoat héa hé théng tin hiéu bdo vé cla té bao thuwc vat. 2. Avr
protein tr gidc mut hinh thanh dang tui nhd va ndi véi ER hoac hé thong Golgi cua té bao thyc vat gé chuyen Avr protein
véao nguyén sinh chét. 3. Avr protein cling co thé xam nhap thdng vao nguyén sinh chat (theo Catanzariti et al., 2007).

Ngay nay, ba phuong phap chinh dé phan l3p R
gen va Avir gen la k¥ thuat “shortgun cloning”, phan
lap sir dung lap ban d6 lién két chi th1 phan tu
(CTPT) (map-based cloning) va st dung yéu t& nhay
(transposon) (Hammond-Kosack et a/., 2000, Jander
et al., 2002; Gupta, Rustgi, 2004).

Bang phuong phép lap ban do lién két CTPT da
phén lap dwoc Avr567. AvrM, AvrP4, AvrPI23 tir
ndm Melampsora lini gdy bénh gi sit cdy'lanh; Avr-
al0, Avr-kl tir ascomycete Blumeria graminis pv
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hordei gy bénh phan tring (powdery mildew) & dai
mach. Phan 16n cac R gen & Arabidopsis duoc phén
14p theo cach nay.

Ngay nay, nghién ctu lép ban dd gen dé tim
kiém cac CTPT lién két véi cac gen khang bénh
duoc ddc biét quan tAm. O cic muc do lap ban dd
khac nhau c6 thé st dung cac CTPT trong chon
giéng c6 dinh huéng nhu chon gidng nho sy tro gilp
cua CTPT MAS (marker-assisted selection). Bénh
gi sit do Phakopsora pachyrhizi Syd gay ra & dau
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tuong. Nhimg nghién ctru gin day vé CTPT lién két
gen khang bénh gji sit & dau twong & My, Brazin,
Argentina duqc xuc tién manh: ¢a xéac dmh dugce
5 locus Rppl dén Rpp5 trén céc nhiém sac thé khac
nhau va lién két véi cac CTPT & khoang 2,3 dén 10
cM (Meyer et al., 2009).

Ngoai hai phuong phép trén, mdt sb gen khang
dugc phan 13p nhd st dung transposone.
Transposone lam bat hoat R gen néu dugc chén vao
gilra gen. Trén co s& do, cb thé tim duoc vi tri cua
R gen va xac dinh ching. Nhiéu R gen da dugc
phén 1ap bang phuong phép nay: L6, M, P2 la cac R
gen khang bénh gi sit & cdy lanh, dugc phén lap st
dung transposone Ac cua ngd. Cac gen N tir thudc
4 va Cf9 tor ca chua ciing dugc phin l4p nho
phuong phap nay.

UNG DUNG SU TUONG TAC GIUA VI KHUAN
VA THUC VAT LAM VECTOR CHUYEN GEN
VAO THUC VAT

Agrobacterium - vi khuin gy khéi u & thwe vat

Su tuong tac gitta vi khudn va thuc vat c6 nhiéu
dang, c6 dang gdy bénh nguy hiém, c6 dang séng
cong sinh. Ban chit cta timg su tuong tac rat khac
nhau. Trong trudng hop vi khuén dét Agrobacterium
nhlem vao thyc vét giy ra khdi u, su trong tic nay
rat dic biét va dugc nghién ctru k§ tir nhitng ndm 70
clia thé ky trugc. Ban chét cua hién tuong giy khéi u
chinh 1 viéc chuyén duoc mét doan gen tir plasmid
cla vi khuén (Ti-plasmid — Tumor inducing plasmid)
va gan vio genome thuc Vvat va sir dung ching dé
chuyén gen ngoai lai vao thyuc vat.

Ti-plasmid trong Agrobacterium tumefaciens —
vi khuén dét gdy khdi u & nhiéu cay trdng, chira cac
gen sén sinh hormon sinh trudng auxin va cytokinin;
cac chat amino nhu opine, nopaline 14 ngudn carbon
va nitrogen. Ti-plasmid c¢é hai ving quan trong nhit:
vung Vir chiu trach nhiém san sinh ra céc protein
gdy nhiém bénh (VirA, VirB, VirG, VirD, VirE
VirF) va doan T-DNA ¢6 thé chuyén qua mang té
bio gén vao genome thuc vét & cac vi tri ngdu nhién
nh¢ cac doan bién phai- RB (rlght border) va doan
bién trai- LB (left border). Cac gen hormone sinh
trudng nam trong chinh doan T-DNA nay va ¢6 cac
promoter va terminater ¢6 thé nhan biét va hoat dong
dugc trong thuc vat.

Ngay nay, T-plasmid dwoc cai bién, thiét ké lai,
loai bd cac gen san sinh hormone sinh truéng auxin
va cytokinin; céc chét opine, nopaline, dira vao céc

gen chon loc va cdc gen ¢6 ich va s dung nhu
vector chuyén gen vao thuc vét. Qua trinh chuyén
gen tr T-DNA cia Agrobacterium tumefaciens vao
té bao thuc vat ngay cang duoc nghién ciru k.

Su twong tac Agrobacterirum voi té bao thuc vat
khéi ddu cho qua trinh chuyén T-DNA vao thuc vat.
Theo Tzfira va Citovsky, 2006, qué trinh chuyén T-
DNA ti Agrobacterium vao té bao thuc vt xdy ra
khi céy ton thuong, tao ra cac hop chit dang phenol
nhu acetosyringone dan du vi khudn bam vao thanh
té bao thyc vit, hoat hoa hé thong cAc chit cam thu
trén thanh té bao.

Trong qua trinh nay, cac protein Vir B, C, D1,
D2, E2 va F tham gia vao chuyén phic T-DNA
so1 don (ssT-DNA) nho hé théng tiét duoc goi la
kénh VirB/D4T4 (VirB/D4T4 channel). Hé thong
nay con dugc goi 1a hé thdng tiét typ IV (T4) & vi
khuén. Phirc hé T-DNA soi don ssT-DNA chuyén
qua phirc hé 18 nhan NPC (nuclear pore complex)
B6 may sua chita DNA & thuc vit da chuyén ssT-
DNA thanh sg¢i d61 dsT-DNA va nhén biét doan
nay nhu mot doan DNA bi tach ra va cén nbi lai
vao DNA cia thuc vét. Trong tt ca qua trinh nay,
phirc hé ssT-DNA khéng bi coi nhu 1a ngoai lai
trong té bao thue vat, vi vdy, khong bi phan giai
va loai khai té bao.

Coéng nghé chuyén gen vao thuc vit trén co s
T-plasmid cang ngay cang duoc ning lén tim cao
méi v6i nhiéu muc dich khac nhau: chuyén gen dé
nghién ctru cac chirc nang cla gen, dé tim ra cic co
ché chuyén hoa trong co thé, chuyén cac doan DNA
mdi phén 18p to genome dé tim cac gen dich trong
vung d6, tao cac giéng cdy trong khang bénh va
chéng chiu véi cac diéu kién bét loi...

Dé tao kha nang khang bénh con mét sb k§ thuat
khac trén co s& chuyén gen thuc vat ma hién tuong
khang bénh d6 khéng phu thude vae R/Avr protein.
Mot trong nhirng hudng rt ¢6 hiéu qua, dé la
chuyén gen déc t6 Cry tir Bacillus thuringiensis vao
thuc vat lam ting kha nidng khang sdu bénh. Ngay
nay, v6i su phat hién co ché 1am bat hoat mRNA gen
virus, ky thudt RNAI (inteference RNA) hinh thanh,
nhiéu vector dic chung duogc thiét ké dé biéu hién
trong thuc vat nham taing cuong khd ning chong
virus (Qu et al., 2007; Gatehouse, 2008). 0 Viét
Nam, hudng nghién ciru thiét ké vector chuyén gen
Cry lam ting kha nang khang sdu & laa, béng...;
phat trién ky thust RNAi chéng virus dang duoc xic
tién (Lé Trn Binh, 2008; Huynh Thi Thu Hué ef al.,
2008).

277



TOM LAI

Thue vat ludn phai dbi déu véi cac dang mim
bénh khac nhau dé sbng va ton tai. Ngay nay véi su
phat trién manh mé cua sinh hoc phan ti ban chat
cua hién tugng khang bénh ciing nhu ban chit cua
nhitng phan tmg déi voi méim bénh dang dan dugc
lam séang to6. Py la qua trinh phic tap, ¢ su tham
gia cua nhiéu chat khac nhau dé nhan biét tin hiéu tir
mam bénh hoat héa dudmg dan truyén tin hiéu béng
con dudng phosphoryl héa hodc bang su nhan biét
R/Avr protein. Mam bénh ludn c6 kha nang thay déi
dé tmg bién mdt cach da dang v6i cac phan Ung
khang bénh cua thuc vat. O Viét Nam, nhiéu loai
mam bénh gdy hdu qud nghiém trong, tuy vay,
nghién ciru co ban vé hién tuong khang bénh ciing
con nhiéu han ché. Vi vay, day s& on 1a vin dé nong
bong trong giai doan hién nay, kai sy bién ddi khi
hdu toan cau con tac dong lén nhiéu dén cac sinh vét
song trén trai dat.
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PROTEINS _AND DISEASE RESISTANCE ABILITY IN PLANTS

Tran Thi Phuong Lien*
Institute of Biotechnology, VAST

SUMMARY

Plants, especially, local or wild plants defend themselves continuously against pathogens. Study on
molecular mechanism of disease resistance involves intensively. “Gene-for-gene” hypothesis predicts that plant
resistance will occur only when plant possesses a dominant resistance gene (R) and the pathogen expresses the
complementary avirulence gene (Avir). The R protein recognizes the Avir protein from invading pathogen in
plant. Their interaction triggers plant defense response. Systemic Acquired Resistance often occurs to generate
a specific subset of PR-type proteins (Pathogenesis-related protein). There are 17 families of PR proteins,
which have different molecular structure and function and accumulate differently after pathogen attack. There
are at least 6 classes of predicted R proteins, each of which mediates dominant or semi dominant race-specific
resistance in plants. Avirulence genes were isolated from various pathogenic gram-negative Pseudonionas,
Xanthomonas species as well as from several fungal species and their functions are investigated. The
development of this line of research will provide an opportunity to develop (breed) new disease resistant

cultivars.

Keywords: Disease resistance, Resistant protein(R protein), Avirulence protein (Avir protein). Pathogen-
related protein (PR protein), Systemic Acquired Resistance (SAR).
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