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PROMOTER VA UNG DUNG TRONG CONG NGHE GEN THUC VAT
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TOM TAT

Thujt ngir ‘promoter” dugc sir dung dé chi viing trinh ti nucleotide trong genome ndm ngugc dong
vé phia du 5° cua vi tri khai déu phién ma gen (transcrlptlon start site - TSS) vi tri duge x4c dinh 13 +1.
Promoter c6 cAu tric rit phuc tap va chira nhiéu yéu td dic trung tham gia diéu khién qué trinh phién mi
nhd kha ndng dam bao céc vi tri nhén biét cho c4c protein tham gla vao viéc didu khién biéu hién gen.
Yéu t§ quan trong nhit 1a hop TATA. Déy 1a vi tri gén cho céc yéu td khéi ddu phién ma va thudmg nim
& vi tri khoang —30 bp. M6t yéu té phd bién khéc 12 hop CCAAT. O thyc vat, hop CCAAT c6 thé co
trinh ty khdc nhau va con duge goi 12 hép AGGA Ngoai hép TATA va CCAAT, hiu hét promoter cia
sinh vét nhin chudn con chira thém cac yéu t didu hda khéc la céc trinh tu DNA nim & phia truée TSS,
duge biét dén réng rai nhir 12 cdc ving ting cudng. Nhimg trinh tw néy rit da dang vé chiéu dai, c6 thé
dao ddng tir khoang —100 bp dén 100 bp hoac ngrge khd xa vé phia ddu 5* cila TSS. Theo kha ning biéu
hién gen, promoter dugc chia lam hai loai chinh: promoter khong déc hiéu hay con goi 1a promoter cor
dinh va promoter diic higu. Trong linh vuc cbng nghé gen thyre vét, cac promoter duge sir dung rét rong
rai dé didu khién bleu hién c4c gen ngoai lai trong cay trng bién ddi gen. Céc promoter dugc sir dung
phd bién nhit bao gom CaMV358, CaMV19S va nopaline synthase (NOS) promoter. Ngoai ra, rét nhiéu
nhém nghién ciru da nd luc phan 13p va thiét ké cac promoter mé&i, dic hiéu ¢ kha nang diéu khlen biéu
hién gen & mie d§ cao hofic dic higu dé ting dung trong cbng nghé gen thyc vit. Bén canh d6, vin dé
xay dl,mg co s& dit liéu ve cdc trinh tyr promoter va chirc niing cua ching cing céc chuong trinh phén
mém thiét ké promoter ciing dugc xdy dyng va dua vao ing dung. O Viét Nam, viéc phén 18p céc

promoter c6 gi tri dé thiét ke vector chuyén gen thuc vit dang duge quan tAm nghién ciru.

Tu’ khda: Biéu hién gen, cong nghé gen thuc vit, promoter, yéu 16 diéu hoa, yéu t6 phién ma

KHAI NIEM VE PROMOTER

Promoter 13 mdt thanh phin quan trong trong
cAu tric ctia tit ca cac gen va dong vai trd then chét
trong vige biéu hién gen. Tir nhitng nghlén clru mé
dAu vé promoter trén vi khudn vao cudi nhﬁng nim
70, dén nay, nhiéu promoter tir cic gen & nhiéu loai
khic nhau da duge phin 1ap, xdc dinh céc viing chic
ning. Khai niém vé promoter duge hiéu rdng va siu
sic hon.

Promoter, bao gdm viing trinh tyr nucleotide nim
vé phia diu 5° cua vi tri khoi diu phién md gen
(transcription start site - TSS), dong vai tré diéu
khién qua trinh phién ma nhe kha ning dam bao cac
vi tri nhan biét cho cac protein tham gia vao viée
didu khién biu hién gen nhu enzyme RNA
_polymerase, cac yéu t6 phién m3 (transcription factor
- TF.(TF la céc protein tham gia diéu khién muc 46
biéu hi¢n gen thong qua viéc gin vao cic trinh ty
DNA ngén dac hiéu (cdc yéu-td cis) trong ving

promoter cila cac gen dich va lam ting hoac giam
mirc d6 biéu hién cia ching)). Toy thudc vao
khoang cach tir TSS, cac thudt ngit “promoter gin”
hay “promoter tbi thiéu” (khoang vai trim nucleotide
quanh viing TSS) (proximal promoter hay minimal
promoter} va “promoter xa” (hang nghin nucleotide
& phia trén TSS) (distal promoter) cé thé dugc sir
dung Ca hai loai promoter gin va xa déu chira rit
nhiéu yéu td tham gia vao qué trinh didu hoa phién
mi dic hidu té bao, md, co quan giai doan phat trién
vad méi trudmg (Hitp://www.freepatentsonline.com/
6987179.html; Shahmuradov er ai., 2003; Rombauts
ef al., 2003). Trong d6, ving promoter gin (ving
promoter trung tdm) dugc xem 1a dam bo sy gin két
phic hgp RNA polymerase II vao vj tri chinh xic va
tac dong truc tiép dén mic d6 phién ma (Nikolov,
Burley, 1997, Berk, 1999). Ving nay bao gom cac
yéu t6 nhu hép TATA va cac hdp khoi diu (Initiator
boxes) - 1a nhirng vj tri gén cho cic protein lién két
hép TATA va ciac TF khac dic hiéu cho RNA
polymerase II (Featherstone, 2002). Ving promoter
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xa duge xem 13 ¢6 chita cac yéu t6 didu hoa su biéu
hién dic hiéu khong gian va thdi gian (Tjian,
Maniatis, 1994; Fessele ef al., 2002).

PROMOTER, VAl :I'RO QIEU KHIEN BIEU HIEN
GEN VA CAU TRUC PHAN TU

Vé& co ban, promoter déng vai tré nhur mét cong
tic bit gen. Mdi gen déu cdn mét promoter dé hoat
dong holic bét d4u biéu hign. Nhung promoter khong
chi don gian nhur mét cong tic dién, vi dy, chi c6 hai
chiéu, bat hoan toan hoic tit hoan toan. Thay vao d6,
promoter c6 rit nhidu module khic nhau hoat déng
nhir cac cam bién (sensor) va cho phép chung cé thé
phdn ing, theo nhiing cidch ma hién nay ching ta
chira hidu duge hoan toan, d6i véi nhitng tin higu
khac nhau tir nhimg gen khac ho#ic tir méi trudng,
dinh r3 khi nao thi khoi dong va khdi dong & ddu,
v6i cudng 46 va thoi gian nhur thé nao. Trong nhiing
didu kién nhit dinh, promoter c6 thé khoéng hoat
dong va khi dé thi gen hoan toan khéng duge khéi
ddng. No6i chung, vai trd ¢na promoter & mdt gen
binh thurdng trong mdt sinh vét 1a cho phép gen hoat
déng dung trong cac chu trinh diéu hoa hét sirc phirc
tap cua sinh vit.

Vg promoter

TATA

Protein Yéu td

RNA polymerase
E
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V& mat cdu triic, promoter ¢6 céu tricc phirc tap
va chira rit nhiéu yéu té dic tring c6 chitc ning gén/
lién két vai cac yéu td protein tham gia vao qua trinh
phién ma gen (Hinh 1). Céc yéu td diéu hoa
(regulatory elements — RE) nim trén promoter va
cong mét s¢i véi viing mang ma cia gen dugce goi la
chc yéu td cis (cis elements) (Buchanan ef al., 2000).
Mai yéu tb dugc dit tén trén co s& trinh ty
nucleotide ciia chiing. Yéu t8 cis co ban nhét [ hp
TATA (TATA box), duge tim thdy & hdu hét cac
gen clia sinh vat nhén chudn, ndm & vi tri khoang
—30 (c6 nghia [a 30 nucleotide trudc TSS, vi tri duge
x4c dinh 1a +1). O sinh vat nhan so, hp TATA
thudng ndm & quanh vi trf —10. Hdp nay chiu trach
nhiém giip cho quéa trinh gin RNA polymerase
chinh x4c vao TSS. Mdt gen vin c6 thé gin RNA
polymerase vao promoter v&i mdt hdp TATA cai
bién nhung hiéu qua cila qua trinh khai ddu phién ma
¢6 thé bi anh huéng rét nhidu. Hau hét cac gen cam
g (mdumble genes) thudng ¢6 chita hdp TATA va
ft nhat I3 hai y&u té cis. Trong khi d6, cdc “gen gilt
nhi” (“housckeeping gene”) cé cic yéu 16 cis it da
dang hon va tham chi ¢6 thé khong chira hdp TATA.
Hop TATA thudng nim ngay canh mdt yéu tb cis co
ban khéac 12 h$p CAAT (CAAT box) cung cip vi tri
gin cho RNA polymerase.

Ving md hoa protein

At

dicu hoa phien mé

O thue vét, hop TATA thuomg nidm & vj tri tir -
35 dén -25 bp truéc TSS (Breathnack, Chambon,
1981). Hop CCAAT nidm & vi tri gitra —70 va —100
bp truée TSS. Hop ndy cé thé c6 trinh tu khac nhau
va dugce get 14 hop AGGA. Ngodi céc trinh tr dic
trung nhu hop TATA va CCAAT, hiu nhu tit ca cic
promoter cua sinh vat nhan chuin duwgc nghién ciru
cho dén nay c6 chira thém cic yéu 6 didu hoa khac
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Hinh 1. Cau tric cia mét gen dién hinh véi viung promoter (Ngudn NRC/PBI Promoter Technology).

14 cAc trinh tr DNA nim & phia truéc TSS, tham gia
didu hda hoat dong cua gen (Benoist, Chambon,
1981; Gruss et al, 1981: Khoury, Gruss, 1983).
Nhing trinh tr didu hoa truée TSS dugc biét dén
rong rdi nhur 13 ¢dc ving ting cwdmg (enhancers)
hay céc trinh ty hoat hda nguge dong (upstream
activating sequences). Nhifng trinh ty ndy rit da
dang vé chiéu dai, cé thé dao ddng tir khoang —100
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bp dén 100 bp hoic nguge kha xa vé phia diu 5° coa
TSS véi nhimg dang céu tric 14 cac trinh tir 13p lai.
Tuy nhién, cac ving ting cudng ciing c6 thé dugc
tim thdy & viing 3° khdng duogc dich ma va thém chi
& ca céc intron (Buchanan et al., 2000). M&i ving
ting cudng cb thé c6 chirc ning déc HMp nhu 13 mot
yéu td cis v ndm trén cing mét sgi voi cic gen duge
tac ddng. Ving ting curdng c6 thé b vai trd diéu hoa
bidu hién dic hiéu, didu khién gen bidu hién & nhimg
mé hoic co quan cu théd. Vai trd nay thudmg vin
dugc duy tri khi ving tang cudng duge cit va dua
vio mét gen khac dé didu khién bidu hién mét gen
méi trong co thé ch.

O thuc vit, promoter cta nhidu gen cam img bai
mdi trudng con mang mot sb yéu tb cis 14 cdc trinh
tu dic trung khac nhur hdp G (G box). Hop G duge
phat hién 13n ddu tién nhur 1a mdt trinh tur 11 bp (5'—
C/AACACGTGGCA-3") nim & phia trudc cua rat

‘nhidu gen mi hoéa cho subunit nhd cia ribulose
biphosphate carboxylase (Giuliano et af., 1988). Tir
d6 dén nay, cic yéu té cis chira hdp G hodc céc tiét
tdu trinh tw (motif) lién quan v&i [3i hexanucleotide
CACGTG da dugc xac dinh trong céc promoter ciia
nhiéu gen khéng lién quan, nhir gen dugc cam ing
boi anh sang, boi abscisic acid (ABA), khi bi tén
thuong, trong didu kién ki khi (Guiltinan et al.,
1990). Motif Iwt va PA, hai motif lién quan dén hdp
G, d3d duge phdt hién ¢6 lién quan dén tinh biéu hién
dic hiéu md ciha promoter (US patent 6987179).
Trong d6, motif Iwt lién quan dén biéu hién dic hiéu
phoi, motif PA lién quan dén biéu hién dic hiéu cao
& r&, biéu hién mac do thdp & 14 va khéng biéu hién
& hat. Nhiéu nghién ciru cho thdy mét sé protein
chiét xuét tir nhan thuc vt c6 mang mdt s hoat tinh
gin dic trung cho hép G va cac trinh tr lién quan.
Mot sb dong cDNA m3 hoéa cho céc protein twong
tac dic hidu v&i cdc yéu & cis chira trinh tr

REG

<>

CACGTG d4 dugc phan lap: EmBP-1 va HBP-la &
lia mi, TAF-1 & thube 14, CPRF -~ 1,2,3 & ciy mui
tdy, GBF - 1,23 & Adrabidopsis (US patent
5723751). Ngoai ra, cac vi tri gén trong tr GT-1
(GT—] like binding sites) (nhém céc trinh ty bao thu
GGT /TA) cling durge tim thdy & ving nguge dong
rit xa vé& phia ddu 5° ciha promoter & Arabidopsis
plastocyanin va dudng nhu lién quan dén sir hoat hoa
qua trinh phién ma khi c¢6 4nh sdng (Fisscher er al.,
1994). Mét diém dac trung khéc vé trinh ty cila cac
promoter thuc vit 13 sy ¢6 mdt cia cac trinh oy cho
phép tao Z-DNA. Z-DNA 1a DNA xofn trai xuét
hién do nhitng sur 13p lai cha dinucleotide GC hodc
AC. Viéc hinh thanh dang Z dugc xem [4 cd tic
déng lam giam mic 46 phién mi (US patent
6987179). Gén ddy, Yamamoto vi déng tic gia
{2007) c6 phan tich promoter thue vat theo hudng
chira 3 nhdm céc trinh ty DNA dic biét: pyrimidine
patch (Y patch) (thudng & vi trl —100 dén —13), hop
TATA (vij tri tir —=50 dén —20) va nhdom yéu t6 diéu
hoa (REG - regulatory element group) (vi tri —20
dén —400) (Hinh 2), Trong d6, Y patch hay con goi
14 viing pyrimidine thudng ¢é trinh ty TCTCTC hogc
CTCCTC hay TTCTTC. Chirc ning sinh hoc clia Y
patch chua duge nghién ciru rd nhung diy 1a thanh
phin chung clia promoter thuc vit (khdng c6 trong
promoter dong vit). Y patch dugc céac tic gid nay
phét hién thdy khi nghién ciru genome ciia
Arabidopsis. REG thudmg 14 c4c trinh ty ngén 5 - 15
bp trén promoter. Nhém nay bao gdm trén 200 loai
trinh tu, phin 16n 12 cdc yéu t6 cis va 1a cac vi trf
nhan biét cia cac protein tham gia didu khlen biéu
hién gen. C6 thé néi, nhitng nghién ciru ve promoter,
cAu tric chinh x4c va vai trd cia timg yéu td trong
dleu hoa phién ma, hodc cach thitc st dyng cic yéu
t6 nay ¢ dang ddc lap, rit c6 gia tri img dung trong
viéc cai bién cac promoter hoat dong hodc dé thiét ké
cac promoter madi.

Hoép

TATA Y Patch
| -

Hinh 2. M6 hinh promoter thirc vat theo Yamamoto va ddng tac gia (2007).

PHAN LOAI PROMOTER

Promoter ¢6 thé dugc chia 1am hai loai chinh:
promoter khéng dic hiéu hay con goi 1a promoter co
dinh (constitutive promoter) v promoter dic hiéu
vGi cac yéu t cis chuyén biét (specific promoter)..

Promoter co dinh

Loai promoter niy tham gia diéu khién biéu hién
gen ¢ tit ca hoyic hiu nhu tit ci cac loai mé khac
nhau trong tit ca hay hiu nhu moi giai doan phat
trién clia sinh vit. CaMV35S promoter didu khién sy
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bidu hién RNA 35S dugc phén i4p tir virus kham sup
lo (cauliflower mosaic virus - CaMV) 12 mét vi du
dién hinh cua nhém promoter ndy. CaMV 1a mét
pararetrovirus clia cic thuc vat thude ho cai. Genome
.cila virus nay la mdt phén tir DNA vong s¢i kép ¢
kich-thuéc 8 kb voi ba quing ngit 12 soi don. Hai
transcript RNA chinh (195 va 358) va 6 khung doc
m& duge mi héa béi DNA. Sy phién md xay ra tir
tiéu nhidm sic thé vong va khéng tiép hop trong
nhan cia té bao thue vit va DNA virion dugc t6ng
hop trong té& bao chét thdng qua s phién ma nguoc
cha 358 RNA transcript (Turner ef al., 1996; Kohli
et al., 1999). CaMV358 promoter 1a trinh ty 6 kich
thude vao khoang 350 bp ndm & phia diu cta 358
transcript (—343 dén +8, voi v tri Cap & +1), trong
dé c6 khoang 250 bp gbi 1én 3% doan két thic clia
gen V1, khung doc m& cudi cling trong 6 khung doc
mg lén C6 3 ving trén promoter, promoter trung
tAm chira hop TATA (vi tri tir 46 dén +8) va 2 ving
chinh khac c6 chic ning ting cudng. Ving A (90
dén —46) chu yéu cin cho biéu hién & ré va ving B
(=343-dén 90) cin cho bidu hién & 14 (Benfy, Chua,
1990; Hohn, Futterer, 1992; Ho et al., 1999). Tiéu
-viing clia viing B (B1 dén B5) c6 thé dugc nhén dang
dira trén nhimmg tuong tac khac biét voi nhiing nhén
t& phién ma khéc nhau. Tuy nhién, ving B hoan
chinh cho phép biéu hién da dang hon so véi trudmg
hop két hop c4c tidu viing. Vai trd cia cac ving khac
nhau trén CaMV35S promoter trong viéc giy bénh
ciia CaMV mdi duge nghién ciu trong thoi gian gin
ddy (Noad et al.,, 1997; Turner et al., 1996). Cic
nghién ciru cho théy viéc loai bo hop TATA lam mét
kha ning gy nhifm. Tuy nhién, khi loai ving phia
trudc giita ving tang cudmg (tir —207 dén —56) lai
khong bi anh hudng trong khi loai bo hoan toan doan
nay s& lam mét kha nang gy nhiém. Hai ving ting
cudmg tach biét lién quan dén kha nang gy nhiém da
dugc xic dinh 13 (=207 dén —150) va (-95 dén —56).
Ving ting cuwdng thdm chi co6 thé hoat dong theo
huéng nguge chiéu.

Promoter d3c hifu

Sy biéu hién dic hidu 14 sy bidu hién céc san
phAm ciia gen gi¢i han & mdt hoic mot vai mod (han
ché vé khong gian - spatial limitation) v&/ hoic &
mét hoic vai giai doan phat trién (dic hiéu thei gian
- temporal limitation). Cin nhin manh ring khong cé
mét promoter hoadn toan dic hiéu: cic promoter
dwdng nhir hoat dong & mdt s md, trong khi & mét
sé md khac khong hoac chi hoat déng yéu. Hién
tuong nay dugc biét dén nhur 12 su biéu hién yéu.
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Promoter dic hiéu md (tissue specific promoter):
Céc loai promoter dic hiéu md chi diéu khién bidu
hién gen & nhitng mé nhét dinh, vi du promoter dic
hiéu ré (Conkling et al., 1990), promoter dic hiéu bé
mach & thyc vat (Wang, 1992), promoter ddc hiéu
hoa (Robert, 1998). Thugc nhdém promoter nay co
promoter diéu khién biéu hién gen ma héa sucrose
synthase. Sucrose synthase 1a mt trong nhitng
enzyme quan trong tham gia vio moi hoat ddng séng
cta té bao. O la, ngudi ta 44 phat hign dugc ba gen
cung ma héa cho sucrose synthase (Rsucl, Rsuc2,
Rsuc3) (Yu er al., 1992). Tuy nhién, mirc d6 bidu
hién cda céc gen ndy & cdc md 1a khac nhau. Gen
Rsuc2 khéng c6 tinh dic hiéu md cao. Gen Rsuc3
dic hiéu cao & hat (Huang er al., 1996). Chi ¢4 gen
Rsucl biu hién dic hiéu & bé mach, ré, mim
{(Wang, 1992). Kich thudc ciia gen Rsucl 1a 8167 bp,
trong d6 kich thuéc cha ving 5° twong ddi lém,
chiém khoang 3 kb. Promoter cta Rsucl chira cic
trinh tr dic trung cila mdt promoter nhu h{p TATA,
hop CCAAT... va cdc trinh ty dic hiéu, quyét dinh
sir biéu hign gen dic hidu bo mach nhu hop ASL,
hip GATA... (Yiner al., 1997).

Promoter cam ung v&i  mbi  trudng
(environmentally -inducible promoter): Trong cac
didu kién circ doan (stress) nhu han, nhiét do qua cao
hojc qua thép, oxy héa cao... cic gen chéng chju
thudmg biéu hién v6i tdc d9 rit nhanh. Vi viy, vén
dé khai déng sy phién mid ciling nhu chu tric
promoter cia chiing va cée protein tham gia vao viéc
didu khién biéu hién gen théng qua viéc nhan biét va
hoat héa qué trinh khét ddng phién ma duoc dic biét
quan tAm.

Gen chju han

Cac protein c6 chic ning diéu khién s biéu
hién gen va cé thé c6 chirc ning trong viéc phan tmg
dbi v&i tinh trang han nhu protein kinase va TF.
Promoter cia gen mi héa cho TF ¢6 chira motif gin
voi DNA (DNA binding motif) (bZIP, MYB, MYC,
EREBP/APZ...) dugce hoat héa béi tic ding cda céac
diéu kién cyc doan. Tiép theo d6, chiing dong vai trd
diéu hoa cc gen chirc nang dudi tac dong ciia nhimg
diéu kién nay. Phan Ién cic gen cam tmg véi didu
hién kho han d&u cim ng véi didu kién man. Mbt
trong s& gen nay con dugc cam @ng bdi diéu kién
lanh. Phu thudc vao phan Ung véi ABA, cic yéu td
diéu hoa trén nhitng promoter ciia cic gen nay duoc
chia thanh 2 loai nhur sau (Shinozaki, Yamaguchi-
Shinozaki, 1999):

Cde yéu t6 didu hoa phu thuge viso ABA: trén
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promoter c6 trinh tr d cac protein MYB, MYC
nhéan biét. G Arabidopsis, ATMYB2 nhén biét trinh
tr TGGTTAG trén promoter d& hoat héa gen rd22
(dehydration - responsive gene 22) trong diéu kién
mét nudc (Abe ef al., 1997). Ving gén DNA - MYB
(MYB - DNA binding domain) dugc biét dén 14n ddu
tién & dang v-myb oncogene (gen gdy ung thu) cia
virus gdy bénh ung thur tity xuong (Myeloblastosis) &
“chim. Py 14 mdt nhém TF rét da dang & cic loai
thudc sinh vat nhdn chudn (Braun, 1999). MYB
protein dic trung bdi sy cd mt cia 2 hodc 3 MYB
motif, trong 46 mdi motif nay chira cdu tric xoin
chuyén xo#in (helix-turn-helix) vdi 3 vi tri gbe Trp. O
ddng vit, MYB protein ¢ chira 3 motif MYB duge
ky hiéu la R1, R2, R3, trong khi thuc vét chi chia 2
motif MYB 14 R2, R3.

MYC protein duge dic trung béi cu triic ving co
ban xoén vong xo#n (helix-loop-helix - bHLH). bHLH
c6 thé nhan biét duoc trinh ty dang CANNTG trén
promoter (N - nucleotide bét ky), Nhumg két qua nghién
ciru promoter rd22 clia Arabidopsis trén cy thudc 14
chuyén gen cho thdy: protein rd22BP1 chi nhén biét
trinh ty CACATG dAu tién phan img v6i hién tugng
méit nuéc, con trinh tr CACATG thir hai trong viing
nay lai c6 chic ning tc ché (Abe ef al, 1997).
AtMYC2 nhén biét duoc trinh tr CATGTG trén

. promoter ciia cdc gen lién quan dén tdn thuong co hoc
ho#ic khang bénh ciia Arabidopsis (Lorenzo, 2004).

Trong mét s6 trudng hop, gen ¢6 chira yéu tb
phdan tmg véi ABA (ABRE - ABA responsive
element) - PYyACGTGGC trong ving promoter.
ABRE lan diu tién dugc phan 14p tir promoter ciia
gen Em & lta my va tir rab (abcisic acid responsive
gene) cla lua gao. Protein gin v6i Em (EmBP-1 -
Em binding protein) 1a dang bZIP (leucine zipper

motif) protein. Trinh tu ACGT 13 diém gin dic higu
ciia bZIP protein. Tuy nhién, lam thé nao ABA hoat
héa dugc bZIP protein dé gin véi ABRE va khéi diu
s phién ma vin cdn chua dugc 13 (Shinozaki,
Yamaguchi-Shinozaki, 1999). Trinh tv ACGT ciing
14 viing trung tdm cua hdp G trén promoter cla cic
gen phan ang véi dnh séng.

Cdc yéu t6 diéu hoa khéng phu thugc vao ABA:
DRE - yéu t6 phan ing su mét nudc {dehydration
response element) 13 tén cda trinh ty dai 9 bp:
TACCGACAT. Trong dé, viing quan trong nhét cia
DRE motif [a ving [dp lai gidu C (CRT - C repeat) -
CCGAC. Cic yéu tb protein gin véi trinh iy DRE
(DRE binding proteins - DREBs) ¢ viing promoter
d4 dugc nghién ciru va phén ldp. Nhitng protein nay
chira ¢dc cic ving bao thi nhu cde protein EREBP
(tham gia biéu hién ethylenc) va AP2 (tham gia vao
qué trinh bidu hign kiéu hinh cia thuc vit cé hoa).
Céc protein ndy con duge ky hiéu 12 nhan tb gin véi
CRT (CRT binding factor - CBF). Ching phéan ung
rét nhanh vé&i trang thai cyc doan, truée khi xudt hign
ABA & lrong ding ké. Vi du nhu promoter clia
rd294 (dehydration - response gene 29A) &
Arabidopsis (Liu et al., 1998).

Trong promoter clia gen rabl7 & ngd c6 9 dang
vi tri nhan biét cho cac TF véi trinh ty tir 4 - 12 bp
khi phan (mg véi ABA, didu kién mét nuéc va 4p
suit thim thiu cao: DRE1; ABREL; DRE2; ABRE2;
ABRE3a/3b; GRA (GC - rich RAB activator); SPH;
ABRE4; TATA (Hinh 3). Tuy véy, tic ddng cia mdi
yéu té ddu khac nhau: Phin 16n, ching déu tic déng
& phoi, riéng ABRE4, DRE2 va GRA tic déng &
mam va 14 non. Promoter c4c gen rab cia lia gao va
loa mién ciing c6 nhirng viing twong tr (Buchanan et
al., 2004),

menfACCGAC | ACC G jreef ACCGAGACG TG prmmnd ACCGAC CACGTC

DRE2 ABRE2

—{TACGTGTACGTG—{CACTGGGCCGCCE J==CATGCATG =={CACGTA |=—ICGTG =

SPH ABRE4 C-ABRE

[CACCTG |audACCG Jem{CACAAG p=——iCGTG = ATG

-380
DRE-like DRE-Core DRE1/ABRE1
-250
ABRE3 GRA
-150 125
CTAATCC <TATA }
HD-zZIP MYC—like

DRE-Core DBF-core C-ABRE

Hinh 3. Promoter cia gen rab17 & ngd (Buchanan et al., 2004).



Gen chiu nhiét

Vige biéu hign cita nhiéu protein soc nhigt (heat
shock protein - HSP) durge diéu khién bing cac yéu
td phién mi trong didu kién sbc nhiét - heat shock
transcription factor (HSF). HSF nhén biét trinh ty
bao thi ciia yéu t6 séc nhiét (heat shock element -
HSE) trén promoter dé hoat hoa sur phién ma cia gen
ndy. HSE trén promoter cia HS (heat shock) gen cé
trinh tur DNA bao thd nhu nGAAn va cac trinh tr
twong tw nhung thay déi chidu khac nhau (vi dy: 5°-
CTnGAAnNTTCnAG-3") (Amin er al, 1988). O
thue vat va dong vit, cd hai vj tri HSE trén promoter.
Co ché hoat dong cia HSF da dugc nghién citu sdu &
Arabidopsis. Trong trang thai binh thudng, ATHSF-
1 & dang monomer, khi bj kich hoat do diéu kién cuc
doan, HSF tao thanh trimer va gin v&i HSE trén
promoter cia HS gen va bi phosphoryl héa 1am ting
sur phién ma cua gen dé tao ra HSP70. HSP70 tao
phirc v&i HSF va phédn ly HSF ra khoi DNA. Sau d6,
phirc HSP70-HSF lai phin ly tiép ra thanh ting
thanh phédn riéng biét: HSF vé& dang monomer va
HSP70. HSF gen & Arabidopsis (ATHSFI1) di dugc
tao dong va chuyén vio cdy lam cho HSF & ciy ludn
& trang thai hoat héa ngay ca khi khéng x@ 1y nhiét
va cdy c6 thé chju duoc nhiét 46 54°C (Lohmann ef
al., 2004).

Gen ching chiu oxy hda

Tét ca cac té bao séng déu gip phai cic dang
oxy hoat héa - ROS (reactive oxygen species) va
phan tmg véi hién tugng ndy trong hoat ddng sdng

L& Thi Thu Hién et al.

binh thudmg ciing nhu khi gip phai cdc diéu kién
cyc doan nhu anh sang, han, tén thuong co hoc, bi
bénh... Cach day gin 30 nam, trong vi khuin, ngudi
ta di phat hién ra khodng 30 protein, trong d6 co
protein diéu hda OxyR, phan tng véi H,0,. OxyR
con diéu hoa sy biéu hién nhanh caa 9 - 12 protein
nifa, Dang tetramer cha OxyR 14 thanh vién caa ho
LysR - hoat héa su phién mi, Chiing tdn tai & hai
dang oxy héa va khir va chi c6 dang oxy héa méi céd
hoat tinh hoat hdéa dé. Tuong tu, SoxRS, gen phan
ing v&i Oy, ciing heat héa qua trinh phién mi nay.
Trong té bao sinh vét nhan chuin khéng c6 protein
gibng nhu vy, nhung cé6 mét Joat cac yéu té diéu
hoa sw biéu hién ndy. Trong c4c hé théng cua dong
vit ¢6 v co céc yéu td: yBu t6 nhan kB (nuclear
factor kB - NF-kB) va protein hoat héa (activator
protein - AP-1) déng vai trd diéu hoa. Y&u té phin
(g chdng oxy héa (Antioxidant responsive element
- ARE) ¢6 trinh tu nhén biét trong viing promoter -
TGACTCA- cila cic gen glutathione S-transferase,
Mn-SOD tao ra su ¢ mit cia cic gen ndy trong
diéu kién cuc doan oxy hoa. Nhifng yéu té nay ciing
tim thdy trong viing promoter ciia cic gen chéng
oxy hoa ¢ thuc vit (Scandalios, 2005). Vai trd cua
cic yéu t6 nay khong chi don thudn hoat héa cac
gen chéng oxy héa ma con hoat héa cac gen chéng
chiu trong cac didu kién cuc doan khac nhu han,
lanh... Ving promoter cda 3 gen Cat (gen m3 héa
Catalase ciia ngd) duge nghién ciru rat ky. Ching cé
nhimg yéu t§ hoat héa phién m3 nhirr ARE, AP-1,
NF-kB, abscisic acid - responsive element 2
(ABRE) - ACGT (Hinh 4).

5
51 bp repeat 32 bp repeat

—— ——p
-1530 .1426 -902 -871 470 220

)| TATA @ Cat3 coding

-145 80 -7+

Hinh 4. Promoter clia gen ma hda enzyme catalase & ngd (Scandalios, 2005),
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Phin tmg voi dnh sdng

Nghién ciru viing promoter cia cdc gen rbcS
(ribulose - 1,5-bisphosphate carboxylase small
subunit) & cdy hai 14 m3m cho thdy chiing cé trén 30
viing bao thi, Trong d6, nhitng ving phin tng véi
4nh sang chinh 1a hop G, hop I, GT-1 hay con goi 12
hp IL... Hop G 12 viing trén promoter phan tmg voi
4nh sdng, c6 trinh ty CACGTG. Hop I 6 trinh ty
nhdn biét 14 GATAAGR va trinh tr ngugc chiéu cua
né - YCTTATC dugc chi y dic biét. Dot bién ving
ndy lam giam rd rét mirc do bidu hién ctia gen rbcS
khi ¢cd anh sdng (Weeks ef al., 2007).

( beo tAm, cac nha khoa hoc & phan l4p duoc
SSU5A; S§SU5B; SSU13 promoter clia gen rbeS.

Promoter clia cc gen rbcS & béo tAm tuong déng
dén trén 60%. Promoter cila cic gen rbcS nay c6 3
viing bao thu chinh 1a X, Y, Z véi céc trinh tu tuong
tmg la: X - GATAAGGATGTAATCC; Y -
GTGGAGGAG; Z - GATCGAACGTGGCAG
CCGTAGAA. Hp TATA ndm trong ving tir =300
dén 0. Trong d6, ving X c¢6 chira ving bao thu
GATAAG gibng nhu hép I cia cdc gen rbe$ cila cly
hai 14 mim. Gay dot bién trong viing —480 dén 0 trén
promoter s& lam giam kha ning biéu hién cia gen
niay. Nghién ciu LRF-1 (light-regulated DNA
binding factor) & béo tAm cho thdy ching anh huéng
dén kha ning nay ¢ cdc SSU promoter ciia béo tim
kh4c nhau. SSUSB chiu tdc dong manh nhéit (Buzby
et al., 1990).

Bang 1. Mot sd trinh ty nhan biét clia TF trén promoter clia thyc vat.

Gen Yéu td cis Trinh ty
Rab17 - ngd DRE1 CACCGACG
(Buchanan ef af., 2004) ABRE1 CACGTGCC
DRE2 CACCGACG
ABRE2 ACACGTCC
ABRE3a/3b GTACGTGTACGTG
GRA CACTGGCCGCCC
SPH CATGCATG
ABRE4 GCCACGTA
rbcS - cay hai l4 mam Hop G CACGTG
(Weeks et al., 2007) Hop | GATAAGR
GT-1 TTAACC
rbcS - béo tAm X GATAAGGATGTAATCC
(Buzby et al., 1990) Y GTGGAGGAG
z GATCGAACGTGGCAGCCGTAGA
© Em - lua my bZIP ACGT

Phdn ting véi didu kign thidu oxy

Thue vit ¢6 thé chiu dugc véi didu kién han ché
oxy khi xay ra lut hofic khi bj ngép nuéc hoan toan
va ¢6 thé khéi dong chu trinh Krebs chuyén qua trinh
hé hip sang 1én men kém véi viée biéu hién cac gen
phan (ng v6i didu kién ki khi ma héa cho cac
enzyme lién quan dén qua trinh glycolysis va lén
men. Mohanty va dbng tac gia (2005) d4 phén tich
13 promoter cua cdc gen kj khi va théy ching c6 mjt
sé motif quan trong, cé mat & hau hét cic promoter
nay.

Nhu di thao luin, hdp TATA c6 mit & rit nhidu
gen nhung motif AA(A/T)CAAA ciing c6 vai trd
chinh & céc gen phan img véi cac didu kién bét lgi &
thue vat. Mudi tdm motif con lai rat khdc so véi cic
motif 33 dugc phat hién & cic gen phan tmg véi diéu
kién thiéu oxy (gen ki khi).

Nhitng két qua nghién ctru promoter va TF &
trén cho thdy, TF c6 kha ning kich hoat khéi déng
phién mi cing mét hic nhiéu gen c6 chite nidng phan
img voi ciing mot loai didu kién cyc doan biing cdch
nhin biét cic trinh ty dic hidu trong viing promoter



ndy. Day 12 huéng bién nap gen lién quan dén tinh
chéng chiu cac diéu kién cuc doan nhur han, ianh...

Lé Thj Thu Hién et al.

c6 trién vong va dang dugc nhiéu nha khoa hec quan
tdm nghién ciru va dua vao tmg dung.

Bang 2. Tan xuét xuat hién cAc motif da xac djnh trong promoter clia cac gen phan (ng v&i lanh, han, ndng d8

mudi cao va ABA & loa (Mohanty et al., 2005),

Motif Tén suit xuét hién (%)  Motif Tin suét xuét hién (%)
(NC)AACTT 82 TTTCTTTAT 71
AA(AITICAAA 71 AA(AIGIAAAAA 71
TATATC 76 AACTTTG 59
ATATAA 71 AACAAAA(AIT)GA 47
ACTCTTT 76 C(A/T)AAAACAAA A7
TTAAAAA 82 TAAATATAGAT 65
A(GIT)CCATG 65 TTTAAAGA 76
CTCTT(C/T)CA 65 AATCAATTC 65
AAATT(AIG)TT 71 CTATATAA 76
ATATAAATA 76 AAGAAAA(AIT) 59

'PROMOTER VA UNG DUNG TRONG CONG
NGHE GEN THUC VAT

Genome ciia timg sinh vat dugc sip xép theo
cach nhét dinh va twong d6i bao thi giita cac loai.
Nh& véy, cic ca thé trong cling mét lodi cé thé lai
v6i nhau. M3i lodi duy tri sy toan ven va én dinh di
truyén bai vl cc rao can sinh hoc ngin can cac lodi
¢6 khoang céach di truyén xa nhau lai ho#ic trao dbi
vit chét di truyén véi nhau. DNA ngoai lai thudng bi
pha hiy hodc b4t hoat. Sir dung cac k¥ thut lai tao
giéng ciing loai, nhimg sinh vat c6 cac dic tinh riéng
biét c6 thé dugc tao ra. Tuy nhién, nhitng k¥ thuat
ndy doi hoi nhidu thoi gian va cé thé phai trai qua
nhidu thé hé méai c6 duge nhitng tinh trang mong
mudn va loai bo nhitng dic tinh khéng cin thiét.
Cong nghé DNA t4i td hop duoc sir dung dé bién dbi
cly trdng, vit nudi bing c4ch phén 14p cic gen co

gid trj tir ddng v4t, thyc vat va vi sinh vat, thiét ké va
chuyén ching vao bd gen cla sinh vét nhan (gen c6
thé cila cic loai von khong ¢ quan hé ho hang) va
nhanh chéng tao ra cAc sinh vat bién ddi gen
(Genetically Modified Organisms - GMOs) mang
nhitng dic tinh mong muén... (Chrispeels, Sadava,
2002; Mackenzie et al., 2003). Trong d6, gen duge
chuyén va bién adi theo cich khéng thé xay ra trong
qué trinh tién hoa ty nhién ciing nhr qua lai chon
gidng (vi du, gifra c4c loai khac nhau va giira dong
vét - thiee vit va vi sinh vat). RS rang, v6i sy can
thiép clla con ngudi, qué trinh chon tao gibng da

vugt qua cac rao can ty nhién {nhu viéc chuyén mét
hodc nhiéu gen giita cac co thé sinh vat khéng cé
quan hé di truyén).

V& co ban, viéc chuyén gen ngoai lai vdo sinh
vit nhan dé tao GMOs céin phai tién hanh mét sb
budc bit budc, trong d6 c6 budc phén 14p cic gen
riéng 1¢ kiém soat c4c tinh trang cy thé, nhan chiing
1én va gin mdt promoter vdo trrdc gen ndy nhim
dam bao ching cé thé hoat ddng tét trong cac sinh
vit dich (néu khdng cé buéc ghép véi promoter thi
gen ngoai lai cin chuyén s& khong hoat dong).
Promoter va gen dugce diéu khién biéu hién dinh kém
tao thanh mdt “cassette biéu hién gen’ (“gene—
expression cassette’”) hay “két cdu gen” (“gene
construct’’). Gen va promoter cé thé duoc phén lap
tir cac nguc“in sinh vit khac nhau nhw tir thue vét,
d6ng vat, vi khudn va virus. Mgt sb két ciu gen bidu
hién dugc két nbi voi nhau thanh chudi trong vector,
mét hodic vai gen trong s6 d6 s& 1 gen khang khang
sinh, gitp cho viéc chon lgc cac té bao tai tb hop.
Sau d6, cac két chu gen nay dugc chuyén vao trong
sinh vat dich.

Tim kiém va phén 14p cAc loai promoter dang co
dinh tir cac ngudn thuc vét, virus va vi khuln gay
bénh thuc vét... 14 mét trong nhitng hudng chinh
trong tao gidng ciy trdng bién ddi gen. Nho cac
promoter co dinh, gen quan tdm cé gi4 tri durge biéu
hién & rit nhiéu mé, co quan khic nhau. Trong mét
s6 trudmg hop, ching c6 thé [ nguyén nhan giy hai
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mdi trudmg. Vi du, ap lire dbi voi mai trudmg s€ tang
cao khi promoter dang co dinh diéu khién san sinh
protein dgc t& & nhitng bd phin khic nhau ciia thue
vit, noi sdu hai khong tin céng vao. Bé bao vé kha
nang sinh san va phat trién binh thudng ctia quén thé
cbn tring c6 Ich, protein doc td cin dirge diéu khién
biéu hién & nhitng mé thuc vét 1a nguon thirc an cua
¢On trang gy hai (Sardana, Altosaar, 1996). Vi viy,
‘bén canh viéc phan ldp va dua vdo sir dung cic
promoter co dinh, cdc nha c¢dng nghé gen thyc vit
cling tap trung thiét ké cic promoter méi cé cdc hoat
tinh didu khién biéu hién gen dic hidu mé, & nhitng
giai doan phat trién nhét dinh cua ciy, hay dudi sy
tic dgng cia tu'ng didu kién mdbi trudmg hodc chi
biéu hién & noi t& bao, m6 bi tén thuong. V&i nhitng
promoter nhwr viy, ngudi ta ¢6 thé bidu hién cac tinh
trang quan tdm & nhing vj tri 1a md hay co quan
mong mudén hofdc trong nhiting gral doan phat trién
nhét dinh ciia cdy. Nh&r vdy, c6 thé kiém soat chinh
xac sy bidu hién gen quan tim dugc chuyen vio
nhim ting cwdng tinh hitu ich cia cay tréng bién dbi
gen {Sardana, Altosaar, 1996).

Ngoai cac promoter nguyén ven, mot 6 nghién
cim cfing tip trung tao cdc promoter m&i théng qua
viéc két hgp cac trinh tu diéu hoa ciia mét promoter
véi cle pggn ctia mdt promoter khac (Fluhr et al.,
1986; Ellis et al., 1987; US patent 6987179). Nhiing
két céu nhu viy duge tao ra nhd dua mot trinh ty
diéu hoa khéac loai vao mét promoter hoat déng cé
mang mot phan hoZc toan bé trinh tu didu hoda cla
ching (Ellis et al., 1987; Strittmatter, Chua, 1987).
Bén canh dd, cac promoter cai bién ciing dugc tao ra
bang cach thém mot trinh tu didu hoa khéc loai vao
phia du 5° cia mdt promoter khéng hoan chinh va
bét hoat, c6 nghia 13 promoter chi chira hgp TATA
va trong mot sb trudng hop la cic yéu t§ CCAAT
(Fluhr et al., 1986; Strittmatter, Chua, 1987; Aryan
et al., 1991). Nhimg sy két hop nhur vy cé thé tao ra
cic promoter v&i nhitng hoat tinh méi.

Trong cdng nghé gen thuc vit, c6 thé nébi, mot
trong nhitng thanh céng som nhit va c6 gid tri nhit
déi v&i Iinh vyc bidu hién protein thuc vﬁt chmh la
viéc sir dung céc promoter co dinh ¢6 ngudn gbc fir
virus va vi khudn Agrobacterium 1am céng cu bidu
hi¢n gen ngoal lai higu qua trong cy tréng bién dbi
‘gen. Rét nhidu promoter nhu viy di duoc sir dung
rong ri trong cong nghé gen thue vét vi vin tiép tuc
la promoter duge chon lya trong céc nghlen ci bieu
hién nhanh, don gian vé&i rai ro thap. Pén nay, rit
nhidu loai promoter dugc sir dung dé didu khién bleu
hién céc gen co gid tri trong céy tréng

(Schledzewski, Mendel, 1994). Cdic nghién citu
chuyén gen thyc vét thudng sir dung cic promoter:
CaMV35S8, CaMV19S, nopaline synthase (NOS),
Adh, Ubiquitin cua ngd, tubullin, actin, cab,
pepcarboxylase (PEPC), promoter clia gen mi héa
sucrose synthase (Yang, Russell, 1990); promoter
dic hiéu hat phdn (Bpl0 gene promoter) (Odell et
al., 1985; Ebert ef al., 1987; Sullivan ef ai., 1989,
McElroy et al., 1990; Albani et al., 1992; Wang et
al., 1992; Walden, Wingender, 1995; Sardana ef al.,
1996; Cheng et al., 1998; Datta ef al_, 1998).

CaMV358S promoter va cac promoter lai

CaMV358 promoter duge sit dung rgng rdi nhir
khi ning hoat déng manh & nhiéu loai m6 cua nhiéu
lodi cdy. Ching c6 kha ning diu khién bidu hién cac
RNAs khéc nhau & ca cdy mgt 4 mém va hai 14 mim
bao gdm thubc 14, diu tuong, ca rdt, ngd va lda
(Fromm et al., 1986; Ou-Lee ef al., 1986), Promoter
nay la promoter dang co dinh, hoat ddng manh & ca
céc hé thdng bidu hién tam thdi va cdc té bao chuyén
gen thyc vit 6n dinh v6i mic d¢ biéu hién tang hon
30 Idn so v&i promoter cda gen mi héa nopaline
synthase (NOS) (Sanders ef a/., 1987). Laporte et al.
{2001) ciing d4 nghién ciru va chitng td anh hudng
quan trong cia CaMV35S promoter khi bidu hién
gen m3 héa sucrose phosphate synthase & ca chua.
San lugng ca chua thudmg khéng thay ddi khi sir
dung ribulose-1,5-bisphosphate carboxylase-
oxygenase small subunit (rbcS) promoter, trong khi
san lugng ting t6i 80% khi sir dung CaMV358
promoter dé diéu khién bidu hién gen nay. Phan tich
huynh quang va héa hoc liia chuyén gen gusd dudi
sy didu khién caa CaMV35$ promoter cho thiy,
promoter nay diu khién bidu hién gen chu yéu &
quanh c4c bé mach chdi l4, r& v& hat. Tuy nhién,
khong thdy sur bidu hién clia gusA & cdc co quan tir
cha hoa. Hoat tinh cua gus4 ¢ ré va 4 lta kha cao,
tuong dwong hodc cao hon & 14 thube 14 c6 chira cdu
tric gen nay (Bang 3) (Smith, Hood, 1995).

Trén co sé& CaMV35S promoter, rit nhiéu
promoter lai hodc két hgp ¢6 kha ning ting cudmg
méc 49 bidu hién gen d3 dugc thiét ké (Trin Thi
Phuong Lién er al, 1992) va dua vao sir dyng nhu
promoter 358 kép (Kay er al., 1987; Fang et al.,
1989), promoter lai v&i ving trung tdm cua
CaMV 198 promoter va ving ting cudng phia trén
cia CaMV35S (Odell et al., 1988), promoter két hop
gitta CaMV35S promoter va cic yéu té tong hop
mannopine (Comai et al., 1990) ho#ic véi céc yéu 16
ciia Adhl va ocs promoter dé bidu hién trong cay
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mdt 14 mim (Last er al., 1991).

NOS promoter

NOS promoter ¢6 ngudn gbc tir Ti-plasmid cita vi
khudn 4. tumefaciens va thudng dugc str dung dé biéu
hién viing mang m3 cita neomycin phosphotransferase
1T cua vi khuin khéng lai kanamycin trong chon loc
céc té bao bién nap (An et al., 1986).

Ubiquitin promoter ciia ngd va actin promoter
ciia lia

Ubiquitin promoter cia ngd va actin promoter
cha lda/ cac trinh ty mtron thuong duge sir dung dé
biéu hién & ciy mét 14 mim (MacElroy ef al., 1990)
Trong d6, Ubiquitin dugc thir nghiém didu khién
biéu hién gen trong ngd, thudc 14 va loa (Christensen
et al., 1992; 1996; Cornejo ef af., 1993; Toki et al.,
1992; Sardana et al., 1996). Actin—1 promoter cita
lia duge thir nghiém biéu hién & mat vai giéng loa
(indica v japonicay (Datta et al., 1998). Trong
nghién ctru ndy, mic dé biéu hlen cla protem
CrylA(b) & 14 va thin dudi sy diéu khién clha
CaMV35S promoter va actin promoter khac nhau
khong déng ké.

Adh I promoter

Adht promoter didu khién gus4 biéu hién kha
manh & ré va cdc mé cilia lha. Ngodi ra, & phdi va ndi
nhil ciia hat ciing c6 su biéu hién ddng ké cia gus4.
Trong khi & thudc 14, Adhl promoter chi hoat déng
khi ving ting cudng ciia gen tdng hop octopin hoic
CaMV335S promoter dugc dwa vao trudc promoter
ndy. Bang 3 cho thiy kha ning hoat déng cta
CaMV35S promoter vd Adhl promoter & cic loai
mo khéc nhau cua lga (Shimamoto, 1991).

Lé Thj Thu Hién ez al.

PEPC promoter

PEPC 14 promoter dic hiéu mé mau xanh (green
tissue), ¢6 kha nang diéu khién biéu hién lugng Ién
protein CryIA(b) trong l4 va than cia loa bién ddi
gen (Datta et al., 1998).

Promoter dic hi¢u mb va cdm ng béi dnh sang

Ngoai ra, mdt promoter diic higu md va cam (mg
bai anh sdng duge xem 1& c6 mirc d§ heat dong cao
nhu CaMV35S promoter trong céc thuc vat bién di
gen 14 cdc promoter cia gen ma héa cho protein lién
két chiorophyll ab va tidu don vi clia ribulose
bisphosphate carboxylase (rbcS} (Jones ef al., 1985;
Fluhr er al., 1986). C4c yéu th DNA tham gia vao cam
tmg 4nh sdng v&i mirc 40 cao & 14 cha hai gen rbeS da
dugc phin lap (Fluhr ef af., 1986; Timko et al., 1985).
Céc yéu t6 ndy durge xem 1 c4c yéu t6 tuong ty viing
ting curdng (enhancer) nhd kha ning didu khién biéu
hién & mirc d§ cao trén céc doan promoter c6 hoat tinh
yéu khi dugc dit theo hudng thich hop & vj tri déu 5°
(tir —145 hojc —46). Khi dugc thir nghiém dat & vi tri
dAu 3°, mdt yéu tb di khdng hoat dong hiéu qua chimg
t6 chung khéng mang diy du cac dic tinh ctia nhimg
vitng ting cuwrdng da duge md ta trde day (Timko ez
al,, 1985). Ving tang cuémg diu tién, cé hoat tinh
khong phu thudc huéng & khoang cach xa hon 1 kb vé
phia diu 5° hozic 3’ tinh tir vi tri khéi ddu phién m4, da
dugc phén ldp & cac viing promoter cla virus ddng vét
biéu hign mirc dd cao nhu viing promoter SV40.
Twong tir, CaMV35S promoter c6 mang yéu t§ ting
cudng thuc vat, d6 1a doan trinh ty dai 338 bp phan
lap tlr viing phia trudce clia hép TATA. Poan trinh tr
ndy c6 thé tang cudomg mire do bidu hién cta promoter
khéc c6 hoat tinh thdp I1&n t&i mirc d6 4 quan sat dugc
& CaM V355 nguyén ven (Odell ef al., 1988).

Bang 3. Mrc 46 biéu hién cia CaMV35S promoter - gusA va Adh1 promoter - gusA & md lia chuyén gen

{Shimamoto, 1991).

Mo CaMV35S promoter - gusA Adh1promoter - gusA
RE& + ++4
La ++ + +
Bao phén - ++
Hoa Vai nhj - o+
Phéan hoa - + 4+
Biu nhyy - -
Hat Phoi ++ +++
N&i nhd ++ 4

10



Tap chi Cong nghé Sinh hoc 5(1): 1-18, 2007

Bing 4. Cac promoter dwgc s& dyng trong nhing cay trdng bién ddi gen da dwoc phé chudn
(hitp://www.bats ch/bats/publikationen/1997-2 gmo/4.1.2 promoters.php}.

Promoter dwgc st dung Cay tréng $6 san phdm xuét hign

Vi khuén Ng6, béng, du dd, khoai tay, dau twong 10

CaMV35S Ngé, bdng, ¢ai dau, du di, khoai tay, 16
dwa hau, ca chua

CaMV35S, AMV-5"-utr Pau teong

CaMV358, CMV-5'-utr Bu da, dwa hau

CaMV358S, Cab22R-5-utr Ca chua

CaMv355, IVS2-utr Ngd

CaMV358, IVS6-utr Ngé

CaMV358, IVSE-utr Ngé

CaMV35S, m-HSP70-utr Ngé

CaMV33S promoter téng cuong

CaMV355 promoter kép Ca chua
Als1 Béng
BcNa Cai ddu
CDPK ngé
ES Ca chua
FMV {CMoVb) Béng, cdi dau
FMV, HSP70 Ca chua
Mas 5' Cachua
NOS
NOS, kép Ca chua
PEPC Ngbd
SsuAra
SsuHel (HelSsu) Thubc 14
TA29

~ nda Béng

Bong, khoai tay, dau twong

Rau riép xoan, cai diu, du dl, ca chua

Rau riép xodn, cai dau, khoai tay

Rau riép xodin, ngd, cai dau

P N % N VO, S N o T S N N S N e N N S G 7% Sy

Promoter dic hig¢u qua

Promoter dic hiéu qua thudng duge sir dung lam
chim qué trinh chin va kéo dai thdi gian chin cia
qué théng qua k¥ thuit di truyén. Cac promoter nay
c6 gia tri dé bidu hién chinh xédc gen quan tim trong
cic loai qua & mdt giai doan phét trién nhit dinh.
DAy 1a mét qué trinh cén thiét nhim tao cdy tréng
bién déi gen (nhwr ca chua, chudi, du du va xoai) c6
kha nang chin chdm ma khéng cén sir dung ethylene.

Promoter dic hi§u bé mach

Gin dy, promoter diéu khién gen mi héa
sucrose sythase & cdy lua dic biét dugc quan tim

nghién ctru va irng dung do kha nang didu khién dic
hiéu trong bé mach (Yang, Russell, 1990). Shin e¢ a/.
(1994) di sir dung doan promoter nay @& didu khién
qua trinh biéu hién gen mi héa beta-glucuronidase
va gen ma hoa lectin & cdy hoa diém tuyét trong ciy
thude 14. Nam 1998, Rao va dong tac gia da sir dung
doan promoter nay dé diéu khién qué trinh biéu hién
gen mi héa lectin & cy hoa diém tuyét trong cdy lGa
cho hiéu qua diét con triing cao.

Két qua diéu tra viéc sir dung cac promoter trong
nhiing san phdm c4y trdng bién ddi gen 44 phé chuin
cho thiy, CaMV35S promoter va céc promoter ¢
ngudn gdc tir CaMV35S (promoter lai hojic kép)
dirge sir dyng trong rét nhidu san phdm (c6 mit trong
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22 trén tdng sb 28 san pham diéu tra). Cac promoter
ndy ¢ thé chi khéc nhau rét {t khi dugc thém cac
ving 5 khong dich md dam nhén chic nang didu
-hoa (Bang 4). Trén tdng s6 28 san phim chuyén gen
44 duoc phé chudn thi NOS promoter ¢6 mit it nhét
trong 7 san phlm. Ngoai CaMV355 va NOS
promoter bén san pham mang gen ngoai lai dugce
didu khién bai nhiéu loai promoter, tir ribulose-1,5-
bisphosphate carboxylase promoter c6 ngudn gée tir
nhiu lodi thuc vit. TA29 promoter la promoter dic
hiéu md va dac hiéu theo giai doan phat trién dugc

L& Thi Thu Hién et al.

phan 14p tir thudc 14, tham gia diéu khién mét hosic
mdt vai gen trong 3 san phim di phé chuén. Bay loai
cay trdng bién d6i gen c6 mang cic promoter khéc,
trong khi 10 lodi ¢d mang cic gen duge didu khién
bai promoter vi khudn. Mét sé promoter hién méi
chi dugc st dung trong mot loai sin phém. Tuy
nhién, viéc phat hién cac trinh ty cua nhing
promoter ndy thuémg khéng phi hop cho xéc dinh
GMOs bai vi rit nhiéu promoter, Vl du, PEPC va
CDPK, hai promoter dic hig¢u mé, vén c6 ngudn gbc
tir céc ging cdy trdng nong nghiép.

Bang 5. Cac co s& dir ligu vé cac trinh ty promoter va cac yéu td didu hoa cis (Rombauts et al., 2003).

Co sé di ligu Mo ta

Web Sites

TRANSFAC Co sé& dir liéu vé TF

TFD Co s& di ligu vé TF

TRRD Co & dir liéu v& cic vang didu hoa
phién ma

PlantCARE Cac yéu té didu héa cis & thire vat

PLACE Cac yéu.16 didu hoa cis & thiec vat

RegulonDB Co s& dir liéu vé cac yéu té didu hoa

, phién ma & Escherichia colf

SCPD Co s& di liéu vé promoter clia
Saccharomyces cerevisiae

EPD Co s& dif liéu vé promoter cla sinh vat

nhan chuan

http:/itransfac.bgf.de/TRANSFAC/
http:/fwww tfdg.com/Pages/tfddata.html

hitp:/iwww.mgs.bionet.nsc.ru/mgs/dbases/tr
rd4/

http:/fsphinx.rug.ac.be:8080/PlantCARE/
hitp:/mwww.dna.affrc.go.jp/htdocs/PLACES

http:/fmww cifn.unam.mx/Computational_G
enomics/regulondb/

http:/icgsigma.csh.org/jian

hitp:fiwww.epd.isb—sib.ch/

CO SO DU LIEU VE CAC TRINH TU CUA
PROMOTER

Viée xdy dung nhitng co s& dif liéu vé cac trinh
tu promoter va chirc ning cia ching rit cé gia tri vé
khoa hoc va thuc tidn. Bén canh d6, chuong trinh
phin mém thiét ké promoter néu ¢o cling s& hd trg
rét nhléu cho cdng nghé gen thuc vit. Day sé la
ngudn théng tin quan trong de cac nha khoa hoc st
dung khi phén I§p hodc thiét ké mot promoter dap
Umg nhifng yéu cédu cu thé trong tao giong cay trong
bién ddi gen. Thay vi phai mét hang thang, hay hang
nim d& phan l4p va x4c dinh chirc ning coa
promoter, cac nha khoa hoc don gian chi cin ding
nhp vao co s& dir liéu va chuong trinh, sau d6 dua
ra cac lya chon dé thu thip thdng tin tham khao quan
frong. Hlen nay, cé mot 50 co s¢ dir liéu cung cap
théng tin vé& cac yéu t6 cis tham gia kidm sodt qua
trinh phién ma théng qua viéc gin két véi cac yéu tb
nhan tuong img. P66 14 cac co s& TRANSFAC
(Wingender ef al., 2001), TRRD (Kolchanov ef al.,
2002), ooTFD (Ghosh, 2000), COMPEL (Kel-
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Margoulis er al., 2002), PlantCARE (Lescot et ai.,
2002), PLACE (Higo et al., 1999) va RegSite
(http://softberry.com)... (Bé.ng 5). Ba co s¢ dit ligu
sau 1a bd swru tap cac yéu té phién ma thyc vét. Co s&
dir liéu promoter cia sinh vit nhin chuén (the
Eukaryotic Promoter Database - EPD) chi suu tip
cac trinh fir promoter Po! 11 ctia sinh v4t nhin chuin
(Praz et al., 2002). Trong d6, ban cong bd mai nhat
bao gém 1402 trinh tu, chi yéu 12 cic promoter tir
dong vit, trong d6 chi cé 200 ¢6 ngudn gbe tir céc
loai thyc vit. Trén ddi tugng thuc vét, Pai hoc
London d3 phéi hgp véi Softberry Inc. ciia Hoa Ky
xdy dung mot co s dit liéu PlantProm DB véi céc
trinh tr promoter thue vét tir rit nhidu loai khic nhau
{http://mendel.cs.thul.ac.uk;

http://www softberry.com). Ban céng bd diu tién
(2002.01) cia PlantProm DB c6 chira 305 trinh tu
trong d6 cd 71, 220 va 14 promoter tuong Ung tir ciy
mdt 14 mdm, hai 14 mdm va cac thyc vét khic. Céc
trinh ty DNA bao gbm ving promoter véi TSS va
cac yéu th dac trung cia promoter nhu hdp TATA,
hop CCAAT va TSS-motif (Shahmuradov er al.,
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2003). Ngoz’u ra, mét vai co s¢ dir liéu cung cép cac
thong tin vé yéu td cis ciia nhimg lodi cu thé, vi du
co s dit liéu AGRIS (Davuluri er al., 2003) va
AthaMap (Steffens et al., 2004; Biilow et al., 2006),

Bang 6 cung cip mdt s& churong trinh phén tich, dir
dodn trinh ty promoter nhu Promoterlnspector
(Scherf et al., 2000); McPromoter (Ohler er al.,
2001).

Bang 6. Cac chwong trinh dyr doan promoter (Rombauts et al., 2003).

Chuwong trinh Web Sites

MCPromoter MM

http://gene.mit.edu/McPromoter.htmi

Promoterinspector

http:/~Aww.gsf.de/biodv/

http://www.genomatix.de/cgi—bin/promoterinspector/promoterinspector.pl

FunSiteP

http:/ftransfac.gbl.de/programs/funsitepffsp.himl

Dragon Promoter Finder

http://sdmc.lit.org.sg/promoter/promoter1_3/DPFV13.htm

CONPRO

http:/istl.bioinformatics. med.umich.edu/conpro/

Core—promoter

http:/fargon.cshl.org/genefinder/CPROMOTER/human.htm

WWW PromoterScan

http://bimas.dert.nih.gov/molbio/proscan/

Promoter 2.0

http:/iwww.cbs.diu. dk/services/promoter/

NNPP

http.//www fruitfly.org/seq_tools/promoter.html

TINH HINH NGHIEN CUU O VIET NAM

& Viét Nam, véi sy diu tu coa nha nude trong
xdy dyng ngudn nhin lye va phong thi nghiém,
chiing ta di 1am chd duge cac k¥ thudt co ban va
trién khai dugc mét sé nghién ciru 1am co s& dé tao
cdy tréng bién ddi gen. Tir nam 2001, Chuong trinh
Céng nghé sinh hoc cip Nha nuéc 43 dAu tir mot sb
@2 tai nghién ciru tao cAc cdy trdng bién ddi gen.
Bit d4u tir nam 2006, Chuong trinh Cong nghé sinh
hoc néng nghi¢p do B Nong nghiép va Phat trién
nong thén cha tri hz‘mg ndm ciing phé duyét mgt 56
dé tai lién quan dén tao cdy trong bién ddi gen.
Nhin chung, céc huré'ng nghlen ciru chi dao lién
quan dén tao cAy trdng bién ddi gen bao gbébm phan
lap, tuyen chon céac gen quy co gid tri ing dung cao
tir ngudn tai nguyén sinh vit Viét Nam dé chuyen
vio sinh vt nhin nhdm tao nén nhitng gidng uu
viét, thiét ké céc vector mang gen c6 gia tri, hoan
thién cac phwong phap chuyén gen va tién hanh
chuyen gen co gia tr1 vao nhiing déi tugng cay
tréng v&i nhiéu ngudn gen khac nhau. V& mat ky
thudt, céc cong trinh chuyén gen thudng dugce trién
khai sir dyng cac vector dugc nudéc ngoai thiét ké
sin mang gen chi thj hay chi dimg & mot s6 gen
quan tdm {gen cry ¢o hoat tinh diét con tring, gen
bar khang thudc diét co) véi cac promoter thdng
dung nhur CaMV35S promoter va NOS promoter
(Nguyén Hitu Tim ef al., 1998; D4 Tién Phét et al.,

2005). C6 thé noi, chi mét sd rét it cic promoter c6
gia trj dugc quan tdm nghién ciru. Tai Vién Cong
nghé sinh hgc, promoter cila gen md hoa sucrose
synthase & gidng lua C71 di duoc tach dong, xdc
dinh trinh tr va sir dung d¢é thiét ké vector chuyén
gen thuc vat. Bén canh céc trinh tu ddc trung,
promoter ndy con mang cic yéu td diéu khién biéu
hién gen dic hiéu bé mach nhu hép ASL, hép 11,
hép GATA (L& Thj Thu Hién er al., 2001; 2002).
Hién nay, trong khuén khd ciia cac dé tai thuge
Chuong trinh Céng nghé sinh hec Néng nghiép,
song song v&i nhitng nghién ciru ve gen c6 glé tri,
rit nhidu promoter dic higu tir céc nguon tai
nguyén sinh vit Vigt Nam dang dugc trién khai
phén I3p va dua vao ung dung gop phin phat trién
huéng nghién ciru tao gidng cay trdng bién ddi gen
co gid tri trong ndng, 14m nghiép va y duge.

Loi edm on: Cong trink dugc the hién dwéi sie hé
trgr kinh phi ciia cdc dé tai thuse Chuwong trinh Cong
nghé sinh hoc néng nghiép thuc BG Néng nghiép va
Phat trién nong thon do Phong Cong nghe ADN Ung
dung, Vién Cong nghé Sinh hoc chu trl hodc tham gia.
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PROMOTERS AND THEIR APPLICATION IN PLANT GENE TECHNOLOGY
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SUMMARY

The term ‘promoter” is used to designate a region in the genome sequence upstream, or 5” end, of a
gene transcription start site (TSS), which is defined as position +1. Promoters have complex structures
and contain various distinct sequence elements that function in the recruitment of protein factors
facilitating the transcription of the protein-coding region of the gene. One essential element is the TATA
box that serves as a binding place for transcription initiation factors and is typically located around -30
bp upstream of the TSS. Another common element is CCAAT box. In plants, the CCAAT box may have
a different consensus sequence and has been termed as the AGGA box. Besides TATA and CCAAT
boxes, virtually all eukaryotic promoters contain additional upstream DNA sequences that are variously
known as enhancers or upstream activating sequences. Such sequences are variable in length and may
extend from around 100 to 1,000 bp or more upstream of the TSS. A promoter can either be constitutive
or spatial/ temporal specific according to its ability to express the gene that it controls. In the field of
plant gene technology, promoters have been widely used for the expression of exogenous genes in
transgenic plants. The most famous are the CaMV358, CaMV198 and nopaline synthase (NOS)
promoters. To date, many attempts have been made to isolate and construct specific or novel promoters
with high level of expression or with precisely controlled activities for plant genetic engineering
applications. Besides that, a number of databases with information on promoter sequences and their
functions and of promoter design software programs have been developed and applied. In Vietnam, the
isolation and characterization of promoters from natural resources for construction of plant expression
vectors are under development.
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