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TOM T A T 

Nganh cdng nghiep frong hoa fren the gidi hien dang phat frien rat manh me, nhu cau tieu thu hoa la rat 
ldm, vi the van de nghien cim chon tao gidng hoa mdi, nang suat cao nham dap img nhu cau hien nay la van de 
cap thiet. Ky thuat di truyen la phuong each quan trpng trong viec md rpng ngudn gen nham thuc day viec tao 
ra cac gidng cay hoa thuang mai mdi. Su thuong mai hda ddi vdi cac loai hoa dugc bien ddi di tmyen hien nay 
chi ban che d cac loai hoa cam chudng cd mau sac khac la. Nhimg kien thuc nay dang dupc img dung de dat 
dugc su hieu biet toan dien hon d pham vi rpng hon ddi vdi nhieu loai hoa khac nham muc tieu hudng vao su 
bien ddi mau sac d cac loai hoa do. Cac tinh trang khac cung da thu hut duoc su quan tam cua cac nha khoa 
hpc bao gdm huong thom cua hoa, hinh dang cua cay va hoa, qua trinh lao hda (tan) ca khi hoa d fren cay cflng 
nhu sau khi thu hoach va tinh khang benh cua hoa. Nhflng ilng dung cua ky thuat di tmyen tten nhflng dac tinh 
mdi ttong su da dang da cd dua vao kha nang chuyen gen thuc vat va dieu nay dang dugc tiep tuc md rpng 
nghien cim vdi tdc dp nhatih. 

Tie khoa: Gen, hoa, ky thuat di truyen, mdu sac, Torenia 

SU THAY DOI MAU SAC HOA 

Sinh tong hop flavonoid va man sac hoa 

Mau sac hoa chu yeu phu thuoc vao ba loai sac 
to: flavonoid, carotenoid va betalain. Betalain chiem 
so lugng it nhat frong ba sac to tren va tao ra cac 
mau sac khac nhau nhu mau nga, vang, cam, do va 
tim (Forkmann, 1991). Carotenoid la nhiing 
tetraterpenoid 40C c6 the boa tan trong lipid va khu 
tni frong cac the hat dong thdi tao ra phan ldn sac 
vang trong mgt so loai boa (Forkmann, 1991). 
Carotenoid, cung vai anthocyanin do bay do tuoi, 
ciing tao ra mau cam/do, mau dong thiec hay nau 
dugc nhin thay a cac loai hoa nhu hoa bong va hoa 
ciic. Flavonoid la nhom thong dyng nhat frong ba 
loai sac to gdp phan tao ra mgt dai cac mau sac tit 
vang den do va xanh. Chung la cac hgp chat boa tan 
frong nudc va co d rat nhieu loai thye vat. Cac phan 
tir flavonoid dong gdp chinh vao sy tao nen mau sac 
cua hoa la anthocyanin, do la tat ca cac O-glycoside 
(Stafford, 1990) va thudng khu tni trong cac khong 
bao cua cac te bao bieu bi canh boa. Cac pban til 
flavonoid la chat chuyen boa thil cap cua con dudng 
phenylpropanoid. Con dudng flavonoid tao ra cac 
anthocyanin c6 mau sac dau tien, anthocyanidin 3-0-
glucoside, dugc bao ton d hau het cac loai thuc vat. 

Cac anthocyanin c6 mau sac dau tien, 
anthocyanidin 3-0-glucoside, c6 the dugc bo sung 
them dudng, cac acid beo, cac acid tham va cac 
nhom methyl. Co su khac biet ca ve tinh chuyen 
biet giong, loai trong pham vi cua su bien doi va 
loai nhom acyl va glycosyl gan vao loi pban tir 
anthocyanidin. Tuy nhien, mau sac co the nhan 
biet dugc cuoi cimg cua mgt hoa thudng la sy ket 
hgp ciia mgt so cac nhan to bao gom kieu tich liiy 
anthocyanin, sy bien doi tbanh phan tir 
anthocyanidin, pH khong bao va dong sac t l . Ml i 
mgt nhan to deu dugc dieu boa bdi mgt s l gen va 
nhieu gen trong so chiing da dugc tao dong va xac 
dinh. 

Su bien thocyanin 

Anthocyanin co the xuat hien nhu 3-0-
monoside, 3-Obioside va 3-0-tiioside ciing nhu la 
3,5-0-diglycoside va 3,7-0-diglycoside kit hgp vai 
cac dudng glucose, galactose, rhamnose, arabinose 
va xylose (Strack, Wray, 1993). Cl mgt vai loai nhu 
hoa hong, anthocyanidin 3-0-glucoside thudng bi 
dudng boa a vi tri 5- bdi UDP (glucose anthocyanin 
5-0-glucosylfransferase-5GT) dl tag ra anthocyanidin 
3,5-0-diglucoside. Cac loai nhu Petunia va cay boa 
buam, chila mgt UDP rhanmose la anthocyanidin 3-
O-glucoside rbamnosyltransferase gdn mgt nhom 
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ra cac gidng cay hoa thuang mai mdi. Su thuang mai hda ddi vdi cac loai hoa dugc bien doi di tmyen hien nay 
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SU THAY DOI M A U S A C HOA 

Sinh tong hop flavonoid va man sac hoa 

Mau sac hoa chii yeu phu thuoc vao ba loai sac 
to: flavonoid, carotenoid va betalain. Betalain chiem 
so lugng it nhat trong ba sac to tren va tao ra cac 
mau sac khac nhau nhu mau nga, vang, cam, do va 
tim (Forkmann, 1991). Carotenoid la nhiing 
tetraterpenoid 40C c6 the hoa tan trong lipid va khu 
tni trong cac the hat dong thai tao ra phan lan sac 
vang trong mgt so loai hoa (Forkmann, 1991). 
Carotenoid, cung vai anthocyanin do hay do tuai. 
Cling tao ra mau cam/do, mau dong thiec hay nau 
dugc nhin thay a cac loai boa nhu hoa hong va boa 
ciic. Flavonoid la nhom thong dung nhat trong ba 
loai sac to gop phan tao ra mgt dai cac mau sac tir 
vang den do va xanh. Chiing la cac hgp chat boa tan 
frong nuac va co d rat nhieu loai thye vat. Cac phan 
tit flavonoid dong gop chinh vao sy tao nen mau sac 
cua hoa la anthocyanin, do la tat ca cac O-glycoside 
(Stafford, 1990) va thudng khu tru frong cac khong 
bao cua cac te bao bieu bi canh boa. Cac pban tir 
flavonoid la chat chuyen boa thii cap cua con dudng 
phenylpropanoid. Con dudng flavonoid tao ra cac 
anthocyanin c6 mau sac dau tien, anthocyanidin 3-0-
glucoside, dugc bao ton a hau bet cac lo^i thye vat. 

Cac anthocyanin c6 mau sac dau tien, 
anthocyanidin 3-0-glucoside, co the dugc bo sung 
them dudng, cac acid beo, cac acid tham va cac 
nhom methyl. Co sy khac biet ca ve tinh chuyen 
biet giong, loai trong pbam vi cua sy bien doi va 
loai nb6m acyl va glycosyl gan vao loi phan tu 
anthocyanidin. Tuy nhien, mau sac c6 the nhan 
biet dugc cuoi cimg cila mgt hoa thudng la su ket 
hgp cua mgt so cac nhan to bao gom kieu tich liiy 
anthocyanin, sy bien doi thanh pban til 
anthocyanidin, pH khong bao va dong sac to. Moi 
mgt nhan to deu dugc dieu boa bai mgt so gen va 
nhieu gen trong so chiing da dugc tao dong va xac 
dinh. 

Su bien rhocyanin 

Anthocyanin co the xuat hien nhu 3-0-
monoside, 3-Obioside va 3-0-trioside ciing nhu la 
3,5-0-diglycoside va 3,7-0-diglycoside kit hgp vai 
cac dudng glucose, galactose, rhamnose, arabinose 
va xylose (Strack, Wray, 1993). Cl mgt vai loai nhu 
boa bong, anthocyanidin 3-0-glucoside thudng bi 
duang hoa a vi tri 5- bdi UDP (glucose anthocyanin 
5-0-glucosylfransferase-5GT) dl tao ra anthocyanidin 
3,5-0-diglucoside. Cac loai nhu Petunia va cay hoa 
buam, chiia mgt UDP rhamnose la anthocyanidin 3-
0-glucoside rhamnosylfransferase gdn mgt nhom 
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rhanmose vao vi tri gan glucose cua phan tir 
anthocyanin de tao ra anthocyanidin 3-0-mtinoside. 
Mgt UDP-glucose c6 hoat tinb anthocyanin 3 ' -
glucosyltransferase dugc phat hien frong cay long 
dam chuyen nh6m glucose mgt each cbuyen biet den 
vi tri 3 ' cua delphinidin 3,5-0-diglucoside. Khi 
cDNA ma boa cho enzyme dong bieu hien vdi mgt 
cDNA 5GT cua cay Torenia a mgt dong Petunia ma 
dong nay tich ty cac sac to delphinidin 3-0-
glucoside mgt each binh thudng, delphinidin 3,5,3'-
O- triglucoside da dugc tong hgp. Tuy nhien, tac 
dgng delphinidin 3,5,3'-0-friglucoside cua no len 
mau sac hoa khong the quan sat dugc do ham lugng 
thap (Fukuchi-Mizutani et al, 2003). Nhieu 
anthocyanidin glycoside ton tai a dang cac dan xuat 
cua acylated (Many anthocyanidin glycoside exist in 
the form of acylated derivatives). Cac nhom acyl bo 
sung anthocyanidin glycoside co the dugc chia ra 
thanh hai nhdm chinh dya vao cau tnic cua chimg. 
Cac nhom acyl beo (aliphatic) bao gom malonic acid 
hay succinic acid va nhom acyl thom (aromatic) bao 
gom hydroxy ciimamic acid nhu p-coumaric acid, 
caffeic acid va feralic acid. Cac aromatic acyl 
fransferase cDNA xuc tac su chuyen mgt nhom acyl 
tham den vi fri 3 hay 5-0-glucase ciia anthocyanin 
da dugc pban lap tir cay tia to (Yonekura-Sakakibara 
et al, 2000), cay long ddm (Fujiwara et al, 1998) va 
cay Torenia. Mgt gen cua cay Petunia ma boa 
aromatic acyl transferase xiic tac sy cbuyen mgt 
nhom thom den 3-ratinoside ciia anthocyanin 3-0-
glucoside da dugc phan lap. Cac enzyme nay chuyen 
hydroxycin-namoic acid (p-coumaric acid hay 
cinnamic acid) den cac vi fri glucose cbuyen biet cua 
cac anthocyanin. Sy acyl boa chat tham gop phan tao 
nen sy boa xanh va su on dinh cac anthocyanin do 
do tao nSn mau sac hoa (Honda, Saito, 2002). 

Gan day, mgt dong cDNA ma boa cho malonyl 
Co A (anthocyanidin 3-0-glucoside-6"-0-malonyl-
fransferase) da dugc tao dong tir cac canh hoa thugc 
dugc, sau do cho bieu hien frong mgt dong Petunia 
tich liiy cyanidin 3-glucoside. Mac du co den 60% 
anthocyanin da bi malonate boa nhung khong co su 
thay doi mau sac dang ke nao dugc ghi nhan (Suzuki 
et al, 2002). Kit qua nay khong dang ngae nhien vi 
sy acyl boa chat beo khong lam thay doi pho 
anthocyanin nhimg anh huang den su on dinh va sy 
boa tan cua cac anthocyanin. Ngoai ra, mgt malonyl 
CoA (anthocyanidin 5-0-glucoside-6"-0-
alonylfransferase) cDNA da dugc tao dong tir boa 
ciia cay xo do {Salvia splendens) (Suzuki,e/ al, 
2001). Su bieu hien cua no trong thye vat cho din 
nay van chua dugc bao cao nhung ngudi ta nghT rang 

se khong co tac dgng dang ke nao den mau sac hoa. 
Sy methyl hda d vi tri 3 ' va 5' cua vong 
anthocyanidin glycoside ciing c6 the xay ra. Sy 
methyl boa cua cac bat sac to co nguon goc tir 
cyanidin dan den su tao thanh peonidin. Sy methyl 
b6a d vi tri 3 ' cua cac sac to c6 nguon goc tir 
delphinidin ddn den den sy tao thanh petunidin; 
trong khi do, sy methyl b6a a cac vi tri 3 ' va 5' dan 
den sy tao thanh malvidin. Them vao d6, su methyl 
boa malvidin a cac vi tri 5-0 va 7-0 de tao 
capensinin (5-0-methyl malvidin) va 5,7-di-O-
methyl malvidincan ciing xay ra a mgt vai loai thuc 
vat (Harbome, 1967). Mgt nhom lan cac gen ma hoa 
cho methyltransferase da dugc pban lap (Ibrahim, 
Muzac, 2000); tuy nhien, cac gen dac trung dan den 
sy bien doi anthocyanin da dugc tao dong tir cay 
Petunia va cay Torenia (Quattrochio et al, 1993). 

Cac dong sac to 

Flavonol va flavone la cac dong sac to thong 
dyng tao nen sy on dinb va gop pban vao sy b6a 
xanh cac anthocyanin bang each hinh thanh cac phirc 
hgp vai chung (Goto, Kondo, 1991). Flavonol dugc 
tao ra tir dihydroflavonol do boat dgng cua flavonol 
synthase (FLS). Cac gen ma boa FLS da dugc tao 
ddng tir nhieu loai thuc vat khac nhau. Flavone dugc 
tong hop tir flavanone nhd flavone synthase (FNS). 
Co den bai loai FNS, mgt loai dioxygenase (FNSI) 
va mgt loai cytochrome P-450 (FNSII). Gen FNSII 
da dugc tao dong tit cay Torenia (Akashi et al, 
1999), hoa dong tien (Martens, Forkmann, 1999) va 
cay tia to (Kitada et al, 2001). Mgt gen FNSI a cay 
mui tay ciing da dugc tao dong (Martens et al, 
2003). 

Gia tri pH khong bao 

Gia tii pH khong bao, bau het thuang dugc duy 
tri d dang acid yeu, quyet dinh su on dinh va mau sdc 
anthocyanin. Mac du pH cao, ban (pH trang tinh) 
thudng lam cho cac mau sac boa hoa xanh ban, 
iihung cac anthocyanin se cang kem on dinh d pH 
cang cao va phai dugc on dinh vai nhilu ban mgt 
nhdm glycosyl va acyl tham (Honda, Saito, 2002). 
Sy kiem soat di trayen cua pH khong bao d canh boa 
da dugc xac dinh d cay Petunia va cay bim bim hoa 
tia. Chi CO gen cau tnic boat boa sy dilu hoa pH 
khong bao de ma boa mgt Na^H"^ antiporter (mau 
tia) d nhiing boa na buoi sang (Fukada-Tanaka et al, 
2000). Gen bieu hien hoat dgng a mile do cao tai 
thdi diem ngay trade khi hoa nd, ding thai c6 sy gia 
tang pH tii 6,5 din 7,5 va sy thay dii mau sdc til tim 
sang xanh. Cac chdt dong phan da dugc phan lap tir 
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. cay Petunia, Torenia va Nierembergia (Yamaguchi 
et al, 2001) nhung ngudi ta van chua biet chirc nang 
ciia chiing trong ca the song. pH khong bao thudng 
cao ban 6 cac te bao bieu bi nai ma cac anthocyanin 
tich liiy (Yoshida et al, 1995). Dieu nay cho thay 
rang, tinh ngi can bang te bao chat co kha nang la 
mgt yeu to quyet dinb trang thai khong on dinh cua 
pH khong bao va co the gay ra bat lgi doi vai sy 
song cua te bao. Sy gia tang cua pH khong bao nha 
mgt antiporter gen trong cac thye vat chuyen gen van 
chua dugc bao cao. 

Mgt so lugng lan cac dong cDNA ma b6a cho 
cac enzyme co tiong cac chu tiinh anthocyanin va 
flavonoid da dugc tao dong va co the sir dyng trong 
cac ky thuat phan tit de dieu khien mau sac boa. Cac 
chien luge sir dyng antisense thudng dugc ap dyng 
de dieu khien ngugc doi vdi sy bieu hien gen d thye 
vat. Gan day, mgt dang lai ciia hai RNAi da dugc 
phat frien nhu mgt cong cy manh me cho sy dieu hoa 
am doi vol mgt frinh ty dich a thuc vat (Wang, 
Waterhouse, 2001). Trong mgt vai trudng hgp, tan 
so xuat hien nhiing bien doi kieu hinh la lan ban 
50% va kieu hinh on dinh ban kieu hinh thu dugc 
khi sir dyng antisense bay nhan to dong kim ham 
(Mizutani et al, 2003). 

Cac nhan to dieu hoa ciia cac gen flavonoid va 
ling dung ciia chiing de bien doi mau sac hoa 

Sy bieu bien cua cac gen cau tnic bay cac 
enzyme ciia qua trinb sinh tong hgp flavonoid d hoa, 
la va cay con cila nhieu loai thye vat nhu Petunia, 
boa mom cho, hoa dong tien, cam chuang, hoa hong, 
cat tudng, Arabidopsis, nho va cay tia to deu dugc 
dieu khien ve mat khong gian (Moi et al, 1998). Hai 
hg gen, dang xoan vong xoan ca ban va cac nhan to 
phien ma kieu Myb, chu yeu dieu khien su bieu hien 
cua cac gen cau tnic (Springob et al, 2003). Sy xuat 
hien cua protein WD40 trong qua trinh dieu boa 
Cling rat pho bien. Chung da dugc xac dinh ro d cay 
hoa mom cho. Petunia, Arabidopsis, bap va cay tia to 
(Springob et al, 2003). Cac gen dieu hoa ket hgp vai 
chu trinh anthocyanin dugc bao ton ve mat chirc 
nang trong cac loai thye vat nhung giira chiing ciing 
CO su khac biet ve tap hgp cac gen dich, dieu nay it 
ra CO the ly giai dugc tinb da dang cbuyen biet a mgt 
vai loai. 

Mgt su gia tang ham lugng anthocyanin da dugc 
ghi nhan thong qua sy bieu hien -vugt nguang cua 
cac gen ma boa cac nhan to phien ma. Vi du, Lc 
allele gen (bHLH) a bap duai sy kiem soat cua mgt 
promoter (CaMV35S) dan den sy gia tang ham 

lugng anthocyanin trong boa cua cay thulc la (Lloyd 
et al, 1992). Sy bilu hien cila cac gen gilng nhau 
cung ddn din sy gia tang ham lugng anthocyanin 
trong cac mo hoa va mo sinb duang, bao gom la cua 
cac cay Petunia chuyin gen. Cac la nay se c6 mau 
tia do sy tich tu ciia anthocyanin, va co the dac tm'ng 
cho mgt loai cay mang tinh trang mdi co gia tri 
thuang mai (Bradley et al, 1998). Tuy nhien, cac n l 
lyc tuang ty dl lam tang cudng qua trinh sinh tong 
hgp anthocyanin a cay cam chudng va hoa hong sir 
dung cac gen tuong ty deu that bai trong viec tao ra 
cac cay hoa co sy gia tang mgt each dang ke qua 
trinh sinh tong hgp anthocyanin hay dan den sy giam 
qua trinh sinh tong hgp anthocyanin. Cac ket qua cho 
thay sy ban che frong viec iing dyng rgng rai chien 
luge nay de tao ra cac tinh trang la. Cac tuong tac da 
ylu to giira cac nhan to phien ma c6 the gay ra cac 
bau qua khong ludng trade dugc nhu sy canh tranh 
giUa cac nban to vdi nhau de ket hgp vai cac nban to 
di trayen. 

NGHIEN CUU BIEN DOI M A U S A C HOA 

Cac nghien cihi tao ra hoa mau trang 

Sy dieu khien ngugc cua gen cau tnic sinh tong 
hgp anthocyanin da dugc ghi nhan a nhieu loai thye 
vat. Vi hien tugng lai va chgn giong dot bien ciing 
dan den su phat frien cua cac giong hoa trang; cac 
giong hoa frang la ket qua cua cac thi nghiem mo 
hinh sir dung ky thuat chuyen gen thuong dat tien 
ban chgn giong truyen thong. Vi vay, sil dung cong 
cu phan tit de chgn mgt giong trang chi co the dugc 
thuang mai hda khi mau sac hoa mong muon dugc 
tao ra dong thai vdi viec khong lam mat di bat cii 
dac diem co lgi nao khac. Dac biet, khi cac cay dich 
la cay bat thy bay Cac cay tiong chuyen gen dugc tao 
ra CO kieu mau sac la, cac thao tac ky thuat di trayen 
CO the dugc sit dung ket hgp vdi phuang phap chgn 
giong trayen thong. • 

Cac loai hoa mau trang co the dugc tao ra tit 
cac loai hoa san sinh anthocyanin bang each dieu 
khien giam qua trinh bieu hien cua mgt trong s l 
nhieu gen dieu boa hay gen cau tnic. Su lam giam 
qua trinh sinh tong hgp anthocyanin da dugc thye 
hien thanh cong d cay Petunia (Van der Krol et al, 
1988), hoa ding tiln (Elomaa et al, 1993), hoa ciic 
(Courtney-Gutterson et al, 1994), boa hlng 
(Gutterson, 1995), hoa cam chuang (Gutterson, 
1995), Lisianthus (Kato et al, 2001) va Torenia 
(Mizutani et al, 2003). Gdn day, Nishihara va d ing 
tac gia (2003) da sit dung mgt antisense iic chi gen 
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CHS cua cay long ddm mau xanh (Gentian triflora) 
va thu dugc cac cay long ddm chuyin gen mau 
xanh xam. Cong ty Hokko Chemical Industry (Nhat 
Ban) Cling da tao ra cay hoa anh thao chuyen gen 
vai cac miic do dilu khiin giam ciia CHS. Cac mau 
sac hoa thu nhan dugc la frdng, do, hlng va mgt 
mau phoi trgn cua do va trang. 

Gen CHS la gen dich thong dung nhdt cho sy 
dieu khien giam cua qua frinh sinh ting hgp 
anthocyanin. Tuy nhien, vi tinh frang bi kim bam ciia 
CHS CO the dan den viec tao ra cac cay trong chuyen 
gen khong c6 flavonoid va ngudi ta nhan thdy rang 
flavonoid dong vai fro quan trgng trong bao ve cay 
dual tac dgng cua tia UV, sy phong ve va trayen tin 
hieu cua cac loai thye vat noi chung (Winkel-
Shirley, 2002); do do, su dieu khien giam cua gen 
CHS khong the la chien luge ly tudng dl phat trien 
cac giong boa trang. That vay, ngudi ta da quan sat 
cac cay co gen CHS bi ire che va nhan thay cac cay 
nay nhay cam ban doi vai stress. Sy dieu khiin giam 
cua cac gen khac trong chu frinh, nhu DPR bay F3H, 
CO the la mgt sy thay the hgp ly ban de tao ra cac 
giong cay hoa trang ma khong co cac tac dgng co 
hai. Tuy nhien, khi Zuker va dong tac gia (2002) 
dieu khien giam F3H d cay hoa cam chudng, tac gia 
da phat hien ngoai su bien doi bam lugng 
anthocyanin con co sy gia tang ham lugng 
methylbenzoate lam cho hoa tham ban, day co the 
xem la mgt ket qua tich cyc frong viec thuang mai 
boa cac cay hoa nay. Jorgensen va dong tac gia 
(2002) kham pha rang sy ddng uc che cua F3'5'H 
hay DFR trong cay Petunia c6 the dan den sy bat 
dye cai, dieu nay co the do sy tich ty cua 
dihydroflavonol trong lop vo hat. 

Cac nghien ciiu tao ra hoa mau xanh 

Hau het cac loai hoa mau xanh deu chiia dan 
xuat tham acylated delphinidin. Hoa hong, hoa cue 
va hoa cam chudng chiem ban 50% thi traang hoa 
cat canh tren toan the giai nhung chiing chi chiia cac 
dan xuat pelargonidin va cyanidin, cac dan xuat nay 
khong kit hgp vdi nhom acyl tham. Vi vay, chung 
fra thanh myc tieu cho cac no lyc nghien cim tong 
hgp cac dan xuat delphinidin vai hy vgng cuoi cung 
la CO thl tao ra cac loai hoa mau xanh. Sy hap thu 
cua anthocyanin hudng ve cac buac song dai (mau 
xanh), khoang 10 nm (frong qua frinh hydroxyl boa 
vong B) va 4 nm (frong qua frinh acyl boa thom) 
(Goto, Kondo, 1991). 

Enzyme chinh trong qua trinb sinh t ing hgp 
delphinidin la F3 '5 'H. Ngudi ta nhan thdy rdng cac 

gen F3'5'H a cay Petunia va Lisianthus co tac 
dgng tryc tilp din sy tao ra mau sac xanh d hoa cua 
cay Petunia va cay thulc la (Shimada et al, 1999). 
Viec dua vao gen F3 '5 'H dugc tach chiet tir cac 
trang boa cua cay canterbury dan den ket qua la cac 
boa CO ty le delphinidin lan ban (99%i delphinidin) 
so vdi khi cac gen F3'5'H cua cay petunia hay 
Lisianthus dugc dua vao (Okinaka et al, 2003). 
Dilu nay xay ra co the do boat tinh enzyme ciia 
F3 '5 'H Campanula hieu qua ban. 

Thuc hien cbuyen gen tren cay Lobelia erinus 
mau hong vai mgt gen F3 '5 'H Lisianthus dudi su 
kiem soat cua mgt promoter CaMV35S tao ra boa co 
mau xanh. Cay Lobelia la mgt loai cay mo hinh biiu 
ich cho cac ngbien cim ve bien doi mau sac vi n6 de 
dang thye bien cbuyen gen va hoa xuat bien frong 
mgt thai gian ngan chi sau 3 - 4 thang dong nuoi cay 
vai Agrobacterium mang cac vector chuyen gen 
(Kanno et al, 2003). 

Sy bieu hien cua F3 '5 'H Petunia frong mgt dong 
hoa cam chudng tich tu cac sac to c6 nguon goc tit 
cyanidin dan den su tao tbanh delphirudin d miic do 
rat thap va khong c6 anh buong dang ke nao den mau 
sac cua hoa (Bragliera et al, 2000). Dieu nay cho thay 
rang F3 '5 H Petunia dugc dua vao khong the canh 
franh mgt each bieu qua vai cac enzyme DFR va F3 'H 
ngi bao cua cay cam chudng. Tuy nhien, khi mgt gen 
cytochrome b5 Petunia va gen F3 '5 'H Petunia dugc 
bieu bien frong cimg mgt dong cam chuang thi c6 sy 
cai thien dang ke ve mirc do san xuat delphinidin va 
CO sy thay doi mau sac cua hoa tir mau dom hong va 
do sang mau dom boa ca va tia. 

Cong ty Florigene va cong ty Suntory da nghien 
cim thanh cdng mgt loat nhiing cay cdm chuang tim 
chuyen gen bang each dua mgt gen F3 '5 'H vai mgt 
gen DFR pemnia vao mgt cay cdm chuang mau 
frdng thilu DFR (Moi et al, 1998). Cac canh hoa cua 
cay cam chudng da qua xit ly chiia chii ylu 
delphinidin trong khi cac cay cdm chudng ty nhien 
khong CO. Mau sac hoi xanh frong cac boa chuyin 
gen khong bao gia co dugc a cay cdm chudng bdng 
phuang phap chgn giong truyin thing. 

Flavonoid cua cac canh hoa Florigene 
Moonshadow^'^ da dugc pban tich mgt each chi tilt 
(Fukui et al, 2003). Cac canh boa cdm chudng tii 
nhien chu yeu cbiia pelargonidin hay cyanidin 3,5-0-
diglucoside-6"-0-4, 6"'-0-l-cyclic-malyl diester. 
Hoa chuyen gen chiia delphinidin 3,5-0-diglucoside-
6"-0-4,6"'-0-l-cyclic-malyl diester nhu sdc t l 
chinh. Cac kit qua nay cho thdy cac enzyme tham 
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gia vao qua trinh sinb tong hgp anthocyanin d cay 
boa cam chudng du linh boat de co the bien doi cac 
sac to CO nguon goc tir delphinidin. Cac canh hoa 
ciing chila apigenin 6-C-glucosyl-7-0-glucoside-
6"'-malyl ester, ngudi ta timg cho rang chat nay c6 
hieu qua dong sac to manh. pH kliong bao ciia hoa 
Moonshadow da dugc thong ke nam trong khoang 
5,5 bang each do pH cila nuac ep canh hoa. Vi vay, 
mau sac xanh c6 the dugc giai thich la do su tich tu 
cua nhiing anthocyanin dang delphinidin thong qua 
su bieu bien cua gen F3'5'H, sy hien dien cua 
flavone, mgt dong sac to manh va pH khong bao 
canh boa tuong doi cao la 5,5. Cac dieu kien nay rat 
thuan lgi cho viec xir ly de tao ra hoa mau xanh d 
cac loai khac. 

Cac mile do dong sac to co the dugc bien doi 
thong qua cac ky thuat di trayen, vi cac gen FLS va 
FNS cQng da dugc tach chiet. Tuy nhien, vi 
flavonol va flavone c6 chung tien chat vol 
anthocyanin nen ham lugng cila dong sac to va 
anthocyanin thudng tuang quan nghich vai nhau. 
Sy lie che antisense cua gen FLS a cay thuoc la dan 
den sy giam ham lugng ciia flavonol va sy gia tang 
ham lugng cua anthocyanin len den 3 lan (Holton et 
al, 1993). Tuy nhien, sy dieu hoa giam cua FLS 
petunia trong mgt cay Petunia tia dan den sy giam 
ham lugng cua flavonol nhung khong c6 sy thay 
doi ham lugng cua anthocyanin. Nielsen va dong 
tac gia (2001) da tien hanh dieu khien giam FLS 
trong cay Lisianthus {Eustoma grandiflorum) bang 
each Sll dyng antisense. Hoa tit cac cay chuyen gen 
tich lily dihydroflavonol d phan tieu thu flavonol va 
dan den ket qua la mau sac cua hoa do ban. Sy hinh 
thanh sac to do khac la ciing hien dien d giai doan 
choi sdm va nhuy hoa cGng c6 mau sac dam, ben 
c^lil^do, kieu hinh on dinh va dugc ke thita a cac 
the h?Cay thil hai. 

Aida va dong tac gia (2000) nhan thay rang 
hoa cua cay torenia chita mgt gen antisense DFR 
xanh ban nhiing hoa chira gen antisense CHS vi sy 
dieu khien giam khong hoan toan cua DFR dan 
den sy tich tu flavone va tac dgng dong hinh thanh 
sac to vdi cac anthocyanin con lai se thay doi mau 
sac boa theo chieu huang ve mau xanh. Day co the 
la each hUu ich de tao ra hoa mau xanh. Khi gen 
FNSII trong torenia mau xanh bi dieu khien giam, 
ham lugng ciia flavone giam va ham lugng ciia 
tien chat flavanone tang. Tuy nhien, dieu bat nga 
la cac muc do cua anthocyanin giam va mau sac 
hoa cuoi ciing la mau xanh nhat (Ueyama et al, 
2002). 

Cac nghien ciiu tao ra hoa co mau tir do den cam 

DFR petiania khong co kha nang lam giam 
dibydrokaempferol do do hoa Petunia it khi chiia 
anthocyanin dang pelargonidin va vi vay khong t^o 
ra mau cam din do gach. Cac cay Petunia chuyen 
gen mau do gach tich liiy anthocyanin dang 
pelargonidin dugc tao ra do su bieu hien cua cac gen 
DFR tir cac loai khac nhau nhu cay bap, hoa dong 
tien va hoa hong trong mgt dong Petunia dot bien 
tich lay dibydrokaempferol (thilu F3'5'H, F3'H va 
FLS). Viec xac dinh mgt dong tich IQy 
dibydrokaempferol tuong ty trong so cac loai thuang 
mai boa quan trgng la rat kho khan. Mizutani va 
dong tac gia (2003) da xir ly mgt dong Petunia do 
tich liiy cac sac to c6 nguon goc tir cyanidin mgt 
each binh thudng de tao cac sac to c6 nguon goc tit 
pelargonidin (cam) bang sy dieu khien giam ciia gen 
F3 'H va su bieu hien cua mgt gen DFR hoa hong. 
Nhieu loai boa quan trgng bao gom cay boa anh 
thao, cay phi yen, cay hoa thuy tien, cay long ddm va 
cay dia lan dugc dy doan la khong tich IQy 
pelargonidin do tinh chuyen biet co chat ciia DFRs 
ngi sinb cua chung. Cac each tuang ty vi the cung co 
the dugc sir dung de tao ra hoa co rnau cam d cac 
loai nay. 

Ueyama va dong tac gia (2002) da sir dyng quy 
trinh chuyen gen hai buac de tao hoa mau hong dam 
tir mgt cay Torenia hoa xanh. Ban dau, gen F3 '5 'H 
bi dieu khien giam de tao cay Torenia co hoa mau 
hong. Qua tiinh chuyen gen tiep theo doi vai cay 
torenia nay dugc thye hien vdi mgt promoter 
CaMV35S khdi dgng gen F3'H torenia va marker 
chgn lgc khac de tao hoa Torenia hong dam. 

Cac nghien cuu tao ra hoa mau vang 

Chalcone va aurone gop phan tao sac vang da 
dugc quan sat d vai loai hoa. Chalcone thong dung 
nhat la THC c6 mau vang nhung bi dong phan hoa 
mgt each tu nhien thanh naringenin a frong ong 
nghiem va bi dong phan boa mgt each nhanh chong 
frong CO the bai CHI (Jez et al, 2000). 6 cac hoa 
vang cua cay cam chuang, cay hoa mau dan va cay 
dita can, THC tich IQy nhu mgt 2'-glucoside 
(isosalipurposide). Sy tich IQy ciia THC 2'-glucoside 
dugc cho la do tiang thai thieu hyt boat dgng cila 
CHI. Mgt nghien ciiu traoc day (Itoh et al, 2002) 
cho rdng ca gen CHI va DFR diu bi chen vao bdi 
mgt fransposon trong vai cay cdm chuang co mau 
vang ldn vai mau d im va hinh quat trdng. Cay hoa 
anh thao mau vang nhat cung da dugc nhan thdy co 
tinh tiang thilu boat dgng cua CHI. Vi vay no thilu 
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boat tinh CHI va sy hien dien ciia boat tinh UDP-
glucose (THC 2'-glucosyltransferase-C2'GT) can 
thiet cho sy tich luy cua isosalipurposide mau vang. 
Cac gen ma boa cho boat tinh C2'GT d cay cam 
chuang da dugc Okuhara pban lap vao nam 2004 
(Okuhara et al, 2004). Vi the cac thao tac ky thuat di 
trayen fren isosalipurposide a hoa bay gid da co the 
thye hien dugc. 

Aurone la cac flavonoid mau vang sang va vi the 
cho den nay van chua c6 mgt gen dich dang quan 
tam nao khac dugc sir dyng cho cac thao tac ky thuat 
di tmyen. Aurone dugc tim thay trong cac hoa mau 
vang cua cac loai c6 quan he xa vol nhau bao gom 
cay mom cho, cay thugc dugc, Limonium, cue 
zinnia, cay bim bim hoa tia. Con dudng sinh tong 
hgp aurone van con la mgt trong sd nhung dieu bi an 
chua dugc giai quyet cua cac qua frinh sinh tong hgp 
flavonoid. Nakayama va dong tac gia (2000) da tinh 
che dugc aurone synthase, aureusidin synthase (AS) 
tir cac canh hoa cua cay hoa mom cho mau vang va 
cDNA ma boa cho enzyme nay ciing da dugc tao 
dong. 

0 cac giong mau vang cua cay Asteraceae nhu 
cay ciic van thg tay va cay thugc dugc, 6'-
deoxychalcones la cac sac to chinh (Davies et al, 
1998). Qua frinh deoxyl boa d vi tri 6' cua THC 
dugc xuc tac bai polyketide reductase (PKR) (ten ggi 
chinh thiic la chalcone reductase) lam on dinb 
chalcone va tao mau sac vang. Davies va dong tac 
gia (1998) da bilu bien mgt PKR cDNA tir cay 
Medicago sativa frong mgt dong Petunia frang va 
thu dugc hoa mau vang nhat tich luy chalcone butein 
3-O-glucoside va butein 4-O-glucoside. Tuy nhien, 
mau sac chi co the thay dugc d cac ny hoa va khong 
du manh de dai dien cho mgt giong mau vang mai co 
gia fri thuang mai. Cac ket qua tuang ty cung da 
dugc ghi nhan khi tien banh chuyen gen cay petunia 
vdi mgt gen PKR cua cay cam thao. Joung va dong 
tac gia (2001) da bao cao rang sy bieu hien cua gen 
PKR tit cay Pueraria montana trong cay thuoc la 
lam thay di i mau sdc hoa tit hong sang tiang do sy 
giam anthocyanin va su tong hgp flavonoid 
liquiritigenin la. 

Cac nghien cihi lam thay doi mau sdc hoa Idiac 

Cac kilu hinh d im mau d hoa va la thudng dugc 
danh gia cao dii vai cac loai cay trang tri va da dugc 
nghien cilu d boa cua cay bim bim hoa tia tiong suot 
nhilu nam qua. Dang d im trong cac hoa nay thudng 
dugc gay ra do mgt transposon (lida et al, 1999). Sy 
chen cua mot sen nhay vao mgt gen sinh tong hgp 

flavonoid hay mgt gen dilu khien cua qua frinh sinh 
ting hgp ddn tai viec tao thanh cac hinh quat trang 
trong mau nen cua hoa. 

Sy loai bo mgt fransposon nhu vay tii mgt gen 
chuyen biet thudng ddn din su tao thanh cac -viing co 
mau tren mgt nen frang. Liu va dong tac gia (2001) 
da tao ra cac hoa co dom mau thong qua cbuyen gen 
cay thuoc la bang each sir dyng mgt vector kep chila 
transposon Tagl cua cay Arabidopsis, fransposon 
nay dugc chen giua promoter CaMV35S va gen R 
cua cay bap. Trong so cac cay Petunia chuyen gen 
dugc tao thanh, gen R, mgt gen dieu khien 
(regulator) duong tinh frgi cua cac gen tham gia vao 
qua trinb sinh tong hgp anthocyanin chi dugc phien 
ma khi Tagl bi cat bo. Mgt nira trong so cac cay 
trong chuyen gen co kieu binh hoa dang dom. Moi 
dong CO mgt kieu binh khac nhau, vai cudng do mau 
sac cQng khac nhau. Viec xir ly cay hoa vdi 
transposon co tao ra hoa mang gia tri thuang mai bay 
khong van chua dugc xac dinh, tuy nhien xu hudng 
cong nghiep bien nay van ua chugng cac dong on 
dinh ban. 

NGHIEN CUU TAO RA HOA LAU TAN 

Tuoi thg cua hoa sau thu hoach bi anh budng 
dau tien bdi chat dinh duang, sy phat triln cua vi 
sinb yat, ethylene, cac dap ung khac va qua trinh lao 
hoa. Loai hoa cat canh pho bien nhat tren thi trudng 
toan cau la hoa bong, hoa cam chuong va hoa ciic. 
Su tao thanh ethylene ngi sinh cua cac loai hoa nay 
lam day nhanh qua frinh lao boa hoa d rieng cay cam 
chuong. Sy ryng canh d boa hong, a mgt vai giong, 
CO the dugc thuc day bdi mgt loai ethylene ngoai 
sinh dac biet frong qua frinh van chuyin va t in tru 
boa, qua. Tat ca cac loai boa cat canh deu nhay cam 
vai sy phat tiien cua vi sinh vat trong nuac cdm hoa 
a nhung nhiet do khac nhau ddn din tinb frang bao 
vay ciia mo mach lam ngan can sy di chuyin cua 
nuac trong than, va vi vay su heo tan xay ra lam 
giam tuoi thg cua boa d trong binh. Cac vi sinh vat 
thudng bam vao hoa trong qua frinh san xudt nen co 
the xir ly bang each lam sach trong tdt ca cac cong 
doan cua qua trinh xit ly sau tbu hoach, bao gIm ca 
viec chuan bi nuac cam. Thilu chat dinh duang, chu 
yeu la dudng, cung co thl thiic ddy qua frinh lao hoa. 
Sy thieu chat nhu vay co thl dugc cai thien bdng 
each b l sung cac chat dinh duang vao dung dich 
nuac cam. 

Hoa cam chuang dugc xir ly sau thu hoach mgt 
each dac biet vai thiosulfate bac (STS). Viec xit ly 
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nay co hieu qua khac nhau phy thugc vao thai gian, 
nong do dung dich xil ly va loai hoa dugc xit ly. Ag* 
can trd mgt each huu bieu sy nhan biet ethylene cua 
hoa (thong qua viec gan ket vai ethylene receptor 
fren mang te bao), vi vay hoa khong co phan iing voi 
ethylene ngi bao va ngoai bao. 0 cac cay boa cam 
chuang dang canh chum vai nhieu hoa tren moi than, 
thong thudng d cac giai doan khac nhau cua sy phat 
trien, xuat hien bat lgi la mgt vai hoa se dugc tiep 
xiic vdi It Ag"̂  bon cac boa khac khi xit ly vol STS. 
STS la mgt hda chat dgc hai; khi ap luc doi boi phai 
giam viec sir dung cac loai boa chat dgc hai trong 
nong nghiep dang ngay cang gia tang, cung nhu cac 
tien bg frong nhan thiic ve sy lao b6a cua hoa da tao 
CO hgi cho cac nha di fruyen bgc nghien cim de lam 
cho qua frinh nang cao tuoi thg song ttong binh cila 
cay hoa cam chuang dugc keo dai ban ma khong can 
CO boa chat. Tuy nhien, su thuang mai hoa san pham 
nhu vay van chua thye hien dugc chu yeu la do chi 
phi ling dung frong ky thuat cQng nhu kien thiic ve 
tac hai cua dgc chat van con ban che, vi vay hoa da 
dugc xu ly frong thdi gian dai nhung kho co the 
thuyet phyc ngudi tieu thu mua san pham vdi gia 
thanh cao va su an toan chua dugc tham dinh. 

Da CO mgt so each khac nhau nhung lai co lien 
quan vai nhau dugc sir dung de lam cho thdi gian 
cam trong binh cua hoa cam chuang dugc keo dai 
ban ma khong can phai xit ly hoa chat. Dau tien lien 
quan den sy dieu boa giam qua frinh tong hgp 
ethylene a hoa cam chudng thong qua viec bat boat 
gen dac trang cua hoa sau phien ma la gen ma boa 
ACC Oxidase (AGO) (Savin et al, 1995) hay ACC 
Synthase (ACS), la nhiing enzyme xiic tac hai buac 
cuoi cung trong qua trinb sinb tong hgp ethylene. 
Dieu nay lam hoa mat do nhay cam doi vai ethylene 
ngoai bao mac dil thdi gian song trong binh co the so 
sanh dugc vdi thai.gian khi than dugc xit ly vai STS 
sau tbu hoach. Tuy cac ham lugng ethylene ngoai 
bao chua dugc xem la mgt hau qua frong chuoi van 
chuyen hoa cam chuang nhung ngudi ta van cho 
rang san pham kem hap dan hon cac than cay da 
dugc xu ly b6a chat. Sy dien giai ve con dudng dan 
trayen ethylene d Arabidopsis (Fluhr, 1998) giiip 
phan lap mgt gen ma hda ethylene receptor tit 
Arabidopsis (Efrl), sau do qua frinh san xuat hoa 
cam chuang vol thdi gian cam keo dai khong can 
boa chat va khong nhay cam doi vai ca ethylene ngi 
bao va ngoai bao da dugc thye hien thong qua viec 
dua vao mgt gen ma boa ethylene receptor 
Arabidopsis da bi dot bien (Etil-1). 

Cac cay hoa cam chudng cbuyen gen chira Etrl-

1 gen dudi sy kilm soat promoter cua chinh no, 
promoter CaMV35S la chu ylu hay promoter FBPl 
(protein lien kit vai cay boa), cung da dugc tao ra. 
Khoang nita trong sl cac cay hoa nay co qua trinh 
lao boa xay ra cham ban it nhdt la 6 ngay, thai gian 
cham hen cao nhdt la 16 ngay, tang gdp 3 lan thdi 
gian song trong binh. Thdi gian song trong binh 
tham chi la dai ban so vdi hoa da dugc xil ly vai h6a 
chat lie chi qua frinh sinh tong hgp ethylene hay sy 
phan ling dii vai ethylene (STS) (Bovy et al, 1999). 
Cac kit qua tirang tu dugc thu nhan bang each sir 
dyng gen Etrl-I dugc dilu khiin bai promoter 
CMB2 {CMB2 la mgt MADS box gen d cay cdm 
chuang) (Baudinette et al, 2000). 

Sy kim ham qua trinh bieu hien cua gen Etrl-l a 
nhieu hoa da dugc chiing minh tao ra cung kieu hinh 
va CO mgt thuan lgi ve mat ly thuyet la sy can thiep 
vao qua trinh nhan biet ethylene se lam giam dap 
img phong ve d thye vat. Ngudi ta van chua biet lieu 
rang day co phai la mgt van de doi vai cac cay bieu 
bien Etrl-l chuyen biet a hoa hay khong nhung dieu 
nay xem ra it co kha nang. 

Mgt so cay trong frong chau co hien tugng rung 
canh hoa de dap ung doi vai ethylene va mgt chien 
luge da dugc thit nghiem nham cai thien hieu ilng 
nay. Sy bieu hien mo dac hieu cua gen bi dot bien 
ehac chan se la mgt thuan lgi. Aida va dong tac gia 
(2000) da bao cao ve sy dieu khien giam cua AGO 
tiong hai giong Torenia fournieri. Tuoi thg boa trung 
binh cua cay Torenia cbuyen gen vai ACO dugc 
dieu khien giam la 2,7 -7,1 ngay; frong khi tuoi thg 
boa trang binh ciia cac cay hoang dai la 2,0 ngay. 
Hon nQa, cac cay Torenia chuyen gen vai doi song 
hoa dugc keo dai tao nhieu hoa cung mgt luc tren 
moi than ban loai cay hoang dai. Dac tinh thdi gian 
song cua hoa keo dai sang the he con chau lien be 
den su ton tai cua gen. 

Khi gen EtrI-1 dugc chuyen vao cay Petunia 
dudi sy kiemisoat cua mgt promoter CaMV35S dugc 
tang cudng, cac hoa Petunia chuyen gen co thdi gian 
song keo dai (dai ban tir 2 den 4 lan) va tii hoan su 
rung canh so vai cac doi chiing khong chuyin gen. 
Chimg cung khong nhay cam doi vol ethylene ngoai 
bao ma tong hgp nhieu ethylene ban (Wilkinson et 
al, 1997). Gen Etrl-I dual sy kiem soat cua mgt 
protein lien ket cua cay hoa (FBPl) bay mgt 
promoter apetala (AP3) da dugc dua vao cay 
petunia. Han 60 cay Petunia chuyin gen da thu dugc 
ling vai mli loai tren. Ldn lugt khoang 70% va 30% 
cay CO thdi gian sing cua hoa gdp hai ldn thdi gian 
song cua hoa Petunia khong chuyin gen. Mgt sl cay 
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CO gen Etrl-l dugc dieu hoa bdi FBPl promoter co 
hoa nd deu dan trong suot 14 ngay trong khi hoa 
khong chuyen gen chi nd frong 3 ngay (Cobb et al, 
2002). 

Khi cay Petunia dugc thye hien cbuyen gen vol 
mgt gen ERS bi dot bien (mgt ethylene receptor gen) 
cua cay Brassica oleracea, hoa cua cac cay chuyen 
gen giu dugc do cang va sac to lau hon hoa cua cac 
cay khong cbuyen gen va khong nhay cam doi vai 
ethylene ngoai bao. Cay chuyen gen tao ra hoa to 
ban nhung c6 ti le chet cao ban; dieu nay cho thay 
cac cay Petunia khong nhay cam doi vai ethylene thi 
nhay cam ban doi vai dich benh (Shaw et al, 2002). 

NGHIEN C i r u BIEN DOI HINH T H A I HOA 

Nhieu gen tiem nang co lgi lien quan den cac con 
dudng phat sinb hinh thai cua boa va cay da dugc tao 
ddng. Cac nhan to phien ma dieu khien qua trinh sinh 
tong hgp va phat trien d thye vat hay cac gen dieu 
khien bao gom cac hormone thye vat la cac gen 
thudng dugc quan tam. Tuy nhien, chi mgt vai gen 
frong so nay da dugc iing dung thye sy vao cac cay 
hoa. Tham chi frong vai traang hgp nay, cac promoter 
thiet yeu dugc sir dyng, thudng tao ra cac loai cay 
khong dugc ua thich. Sy dieu khien phitc tap hon 
ttong su bieu hien cua cac gen nay co the tao ra cac 
cay hoa vai hmh thai la co tiem nang thuong mai. 

Kiem soat sy pban nhanh dugc xem la mgt each 
tot nhat de tao cay c6 dac tinh la hap dan. Sy bieu 
hien qua nguang cua nhan to phien ma co dang ngon 
tay kem a cay Petunia, nhan to cam iing choi ben 
(LIF) trong cay Petunia duai su kiem soat cua mgt 
CaMV35S promoter dan den sy gia tang dang ke so 
lugng nhanh. Cac nhanh thii cap it khi binh tbanh 
trong cac cay Petunia hoang dai lai xuat bien trong 
cac cay chuyen gen nay. Ham lugng cac cytokinin ty 
do thap ban trong khi cac the nucleotide va 
nucleoside cua chiing cao ban a than va la. Sy dilu 
khien cytokinin thye su quan frgng nlu muc dich la 
gia tang so lugng hoa. Cay thuoc la cbuyen gen dugc 
thye hien vol mgt gen Agrobacterium ipt 
(isopentenyl fransferase) duai sy kiem soat ciia mgt 
promoter lien quan den sy lao boa a la Arabidopsis 
tao ra nhieu hoa ban do su lao boa la bi fri hoan 
(Gan, Amasino, 1995). Sy tri hoan qua trinh lao boa 
trang hoa d cay Petunia da dugc bao cao vai mgt cau 
tnic gen xac dinh (Chang et al, 2003). 

Gen rolC tir Agrobacterium rhizogenes ma boa 
cho cytokinin -(i-glucosidase. Cay Petunia cv 
Mitchell chuyen gen bieu bien rolC dugc dieu khien 

bdi CaMV35S promoter tao ra cac bien doi hinh thai 
khac nhau nhu chilu cao cay, kich thuoc la va hoa 
giam, sy phan nhanh tang (Winefield et al, 1999). 
Cac gen rolA, B va C dugc chuyen vao cay Rosa 
hybrida cv. Moneyway lam cac dac diem ra re ciia 
cay dugc cai thien (Van der Saim et al, 1997). 

Gen CENTRORADIALIS (CEN) cua cay hoa 
mom cho ma boa cho mgt protein tuong dong lien 
ket vai phosphatidyl ethanolamine va can cho sy 
phat trien vo ban cua re. Mat khac, cay thuoc la co 
cac mo pban sinh re giai ban do sy cbuyen b6a thanh 
cac mo pban sinb hoa. Cac cay thuoc la bieu bien 
vugt nguang CEN co mgt pha sinh trudng keo dai 
vai nhieu la hon va kieu phat trien cao bon, fri hoan 
sy phat sinh hoa frong suot ban 10 thang (Amaya et 
al, 1999). Cac boa bong hien dai nhu cac giong cay 
thao moc va fra lai thudng xac dinh nhung cac thay 
doi dot bien khong xac dinb thudng phat sinh d cac 
cay boa bong leo. Iwata (2003) da xac dinh mgt gen 
nhay dugc chen vao mgt the tuong dong frong bg 
gen cua cac hoa hong xac dinh. Sy loai bo 
fransposon dan den sy chuyen doi cac hoa hong xac 
dinb thanh cac loai hoa hong leo khong xac dinh. 
Cac ket qua nay cho thay rang sy dieu boa tang hay 
giam cua CEN va cac the khong tuang dong cua no 
CO the dugc ilng dung de thay doi chieu cao va kien 
tnic ciia cay. 

Cac boa chat nhu uniconazole dugc sir dyng 
rgng rai de tao ra cac cay lim. Nhieu gen lien quan 
den qua trinh sinh tong hgp va nhan biet gibberellin 
da dugc phan lap (Olszewski et al, 2002). Trong so 
chung, mgt alen dot bien co chung tinh trang frgi cua 
GAI la gai-1 lam giam dang ke sy dap ung doi vai 
gibberellic acid trong suit qua trinh phat friln sinh 
trudng. Gen nay c6 the dugc sit dung de tao ra cac 
cay lim nhu Suntory Ltd. da thanh cong frong viec 
tao ra cac cay lim bang each dua cac trinh ty gai-1 
vao cay Petunia. 

NGHIEN CUU BIEN DOI MUI HUONG CUA 
HOA 

Mui buong cua hoa dong vai tro quan frgng frong 
viec hap dan cac loai con trimg thy phan. N6 cung 
quan frgng den sy lya chgn hoa cua khach hang do no 
lien quan den sa thich cua khach bang. Mui huong 
ciia boa dugc tao thanh tit nhieu hgp chdt khac nhau. 
Hon 700 hgp chat da dugc xac dinb d 60 hg thye vat 
(Knudson et al, 1993). Chung la cac ddn xudt acid 
beo nhu benzenoid, phenylpropanoid va terpenoid 
(monoterpene va sesquiterpene). Cac cdu tnic cua 
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hang fram hgp chdt thom nay da dugc xac dinb. Mac 
dil so lugng cac gen dugc tao dong lien quan den qua 
trinh sinh tong hgp cac hgp chat tao mui huong gia 
tang mgt each lien tyc nhung nhung kien thite sinh 
hgc phan til va sinh hoa cua qua tiinh sinh tong hgp 
cac hgp chat nay van rat ban che (Dudareva et al., 
2003). Cac bao cao ve su bien doi cua mui huong d 
hoa bang each sit dyng ky thuat di tiuyen tham chi con 
hiem ban. Ndi chung, cac hgp chat mui huong d hoa 
dugc tong hgp de novo frong cac canh hoa. Cac 
enzyne lien quan den qua frinh sinh tong hgp mui 
huong hoa bieu hien mgt each manh me frong cac te 
bao bieu bi canh hoa va qua trinh bieu bien ciia chung 
dugc dieu hoa a mile do phien ma phu thugc vao giai 
doan phat trien canh hoa. 

Cac hoa Petunia truang thanh chu yeu giai 
phong benzoids. Su toa huang nay xuat hien nhip 
nhang 1 lan/ngay, tien tdi cue dai vao liic toi. Cac 
chat bay bai nay khong dugc bao ton trong cac thdi 
ky lan toa thap nhung phan nao dugc tong hgp de 
novo. Phan tich DNA-microarray Cho thay rang cac 
gen cua chu trinh dan den sy tao thanh benzoid dugc 
dieu hoa tang trong ngay traoc khi gia tang sy lan 
toa cua chiing (Verdonk et al, 2003). Su tong hgp 
cac chat bay hoi d hoa cam chuong dugc dieu boa 
mgt each dien bien va ngudi ta nhan thay rang qua 
frinh tong hgp dugc lien ket vdi mang te bao va su 
pban chia vao cj^osol dien ra mgt each phu hgp vai 
cac he so phan chia (Schade et al, 2001). Cac ldp 
cutin a canh hoa cay hoa mom cb6 bau nhu khong 
tao ra bat cii kha nang khang khuech tan nao doi vdi 
cac chat bay hoi va vi vay cho phep lan toa mgt each 
nhanh chong cac hgp chat nay (Goodwin et al, 
2003). Cac ket qua nay cho thay sy bieu hien cua gen 
sinh tong hgp mui huong 6 cay chuyen gen co the 
dan den su bien doi buong tham cua hoa. 

Gen cau tnic dau tien dugc pban lap ma boa cho 
mgt enzyme sinh tong hgp mui buong hoa la S-
linalool synthase (LIS) tir Clarkia breweri, mgt cay 
ty nhien d California toa mui thom manh co S-
Linalool la mgt thanh phan chinh cua no. S-Linalool 
dugc sinh tong hgp tir geranyl pyrophosphate, mgt 
chat trang gian cua nhieu terpenoids khac nhau nha 
LIS. Gen LIS dugc bieu bien cao trong cac te bao 
bieu bi ciia cac canh hoa va frong cac te bao cua 
•vung trayen d dau nhuy va voi nhyy; lugng protein 
tao ra dugc sit dung vao dieu boa phien ma. Ngudi ta 
cung nhan thay rang cac tuyen thom cbuyen biet va 
cac ca quan lien quan khong can thiet doi vai sy tao 
tbanb mui buong a boa (Dudareva et al, 2003), dieu 
nay cho thay mui huang d boa co the bi bien doi ma 

khong can su bien dien cila cac cau tnic nay. 

Thl lai petimia Wl 15 dugc biln dii vai Clarkia 
LIS cDNA dudi sy kilm soat ciia promoter 
CaMV35S. Hoat tinh enzyme thich hgp da dugc tim 
thay trong la va canh hoa cua cay chuyen gen. Tuy 
nhien, chi co mgt sl lugng rat nho S-linalool dugc 
phat hien frong hoa. Dilu nay cho thay hau bet S-
linalool dugc tong hgp bi bien doi thanh S-linalyl-p-
D-glucopyroanoside khong bay hoi, c6 the la do boat 
dgng cua glucosylfransferase ngi sinb a cay petunia. 
Lugng S-linalool va glycoside cua no dudng nhu 
phu thugc vao kha nang ciia co chat GDP nhieu ban 
mile do bieu bien cua gen LIS (Lucker et al, 2001). 
Gen tuang ty duai sy kiem soat cua CaMV35S 
promoter dugc dua vao cay cam chuang {Carnation 
cv. Eilat) tao cac dan xuat benzoic acid va 
sesquiterpene nhung khong tao monoterpene mgt 
each binh thudng. Cac cay cbuyen gen tao thanh san 
xuat linalool va cac dan xuat cua no, cis- va trans-
linalool oxide. Tuy nhien, sy lan toa cua linalool 
khong xay ra d mgt miic do ma co nhiing bien doi 
mui huong d hoa dugc ghi nhan bdi thinh giac cua 
con ngudi (La-vy et al, 2002). Khi gen tuong tu 
dugc bieu hien frong frai ca chua, lugng S-linalool 
tao ra dii de thinh giac con ngudi co the phat hien 
dugc (Lewinsohn et al, 2001). Cac bao cao nay cho 
thay rang sy bien doi mui huong co the thye hien 
dugc bang each chuyen mgt gen ma boa cho mgt 
enzyme sinh tong hgp va mgt chu frinh boat dgng 
cua enzyme do, de cung cap mgt bam lugng -Vila du 
cac chat tham gia can thiet (trong tradng hgp niy la 
geranyl pyrophosphate). 

Hai gen ma hoa cho acetyl CoA (benzylalcohol 
acetyltransferase) va benzyl CoA (benzylalcohol 
benzoyl transferase), la hai enzyme chiu trach nhiem 
tong hgp benzylacetate va benzylbenzoate, lien quan 
den qua trinh sinh tong hgp mui huong da dugc tao 
dong tit C breweri va sau d6 2 gen nay da dugc xac 
dinh (Dudareva et al, 2003). Gen ma hoa cho mgt 
acetyl CoA (alcohol acetyltransferase) tir cay dau tay 
dong vai tio chu yeu tiong viec san sinh mui vi frong 
suot qua frinh chin ciia qua (.'Uiaroni et al, 2000) va 
mgt acetyl CoA (geraniol acetyltransferase) tii cay 
boa bong cung nhan nhdm alcohol nhu citronellol va 
1-octanol lam co chat (Shalit et al, 2003) da dugc 
tao dong. 

Cac hoa cila cay hoa Torenia toa ra mgt thanh 
phan tao miii hoa phenylpropanoid chu ylu, 
methylbenzoate. SAdenosyl-L-metbionine:benzoic 
acid carboxyl methyl transferase (BAMT) xiic tac 
buac culi cilng frong qua frinh sinh ting hgp methyl 
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benzoate va cDNA tuang ung da dugc tao ddng 
(Dudareva et al, 2003). Sy lan toa ciia methyl 
benzoate trong cac hoa cua cay hoa mom cho dien ra 
mgt each nhip nhang vai mirc lan toa cao nhat trong 
ngay. Lugng benzoic acid co phan ban mite BAMT 
quyet dinh sy nhip nhang. Mgt ca che phan til tuong 
ty lien quan den sy tao mui huong d cac loai cay toa 
huong ve ban dem (cay thuoc la va petunia) 
(Kolosova et al, 2001). Cac ket qua nay cho thay 
rang viec bien doi miii huong ciia hoa co the thye 
hien thanh cong bang each toi uu hoa ca sy bieu bien 
cua cac gen sinh tong hgp de novo va tinh hieu qua 
cua cac ca chat cua chiing. Cay hoa mom cho cung 
toa ra monoterpene, myrcene va (E)-bocimene, 
chung dugc sinh tong hgp tit geranyl pyrophosphate. 
Hai cDNA c6 quan he gan cua hai myrcene synthase 
va mgt (E)-b-acimene da dugc tach chiet tir cay hoa 
mom cho. Chiing hinh tbanb mgt phan nhom phy 
mai ciia pban nhom terpene synthase. Sy dieu boa 
phoi hgp cua phenylpropanoid va sy san sinh mui 
isoprenoid da dugc quan sat d cac hoa cua cay hoa 
mom cho (Dudareva et al, 2003). Tham chi cac canh 
hoa ciia cay Arabidopsis, mgt loai cay ty thy phan, 
san xuat lugng nho terpene va chiia terpene synthase 
(Chen et al, 2003). 

Nhd c6 cac dy an giai trinh ty EST quy mo Ion, 
hoa hong bay gid la nguon con lai cua cac gen tao 
mui huong d boa (Cbanneliere et al, 2002). Hoa 
hong tong hgp han 400 hgp chdt bay hoi va dugc 
xem la mgt nguon gen co lien quan den miii huong 
tot, chang ban nhu chung ma boa S-
adenosylmethionine: orcinol O-metbyltiansferase 
(Scalliet et al, 2002) va cac enzyme sinh tong hgp 
terpenoid. Mgt vai gen tiem nang hQu ich, chang ban 
nhu limonene synthase, cho sy bien doi cac mui 
huang d boa da dugc tach chiet til hoa hong (Lucker 
et al, 2001). Nhu da dugc de cap d tren, su bien doi 
khong dinh truac mui huang ciia hoa da dugc bao 
cao d cay boa cam chuong. Sy dieu boa giam cua 
gen F3H dan den sy giam ham lugng anthocyanin va 
mau sac hoa tao ra nhat ban va co sy gia tang 
methylbenzoate va vi the huong tham ban so vai hoa 
d cac cay doi chirng. Sy ngan chan qua tiinh sinb 
tong hgp anthocyanin c6 the lam thay doi chieu 
chuyen boa thong qua chu trinh phenylpropanoid 
(Zuker et al, 2002). 

L61 cam on: Cdc tdc gid xin cdm an Phong Sinh hgc 
Phdn tic vd Chgn tgo gidng cdy trdng (Viin Sinh hgc 
Tdy Nguyin) da hd trg chiing tdi chinh sua vd hodn 
thien bdi tdng quan ndy. 

TAI LIEU THAM K H A O 

Aharoni A, Keizer LC, Bouwmeester HJ, Sun Z, Alvarez-
Huerta M, Verhoeven HA, Blaas J, van Houwelingen AM, 
De Vos RC, van der Voet H, Jansen RC, Guis M, Davis 
RW, Schena M, van Tunen AJ, O'Coraiell AP (2000) 
Identification of the SAAT gene involved in strawberry 
flavor biogenesis by use of DNA microarrays. Plant Cell 
12: 647-662. 

Aida R, Kishimoto S, Tanaka Y, Shibata M (2000) 
Modification of flower color in torenia (Torenia fournieri 
Lind.) by genetic fransformation. Plant Sci 153: 33-42. 

Akashi T, Fukuchi-Mizutani M, Aoki T, Ueyama Y, 
Yonekura-Sakakibara K, Tanaka Y, Kusumi T, Ayabe S 
(1999) Molecular cloning and biochemical characterization 
of a novel cytochrome P450, flavone synthase II, that 
catalyzes direct conversion of flavanones to flavones. 
Plant Cell Physiol 40: 1182-1187, 

Amaya I, Ratcliffe OJ, Bradley DJ (1999) Expression of 
CENTRORADIALIS (CEN) and CEN-like genes in 
tobacco reveals a conserved mechanism confrolling phase 
change in diverse species. Plant Cell 11: 1405-1418. 

Baudinette SC, Stevenson TW, Savin KW (2000) Isolation 
and characterisation of the carnation floral-specific MADS 
box gene, CMB2. Plant Sci 155: 123-131. 

Bovy AG, Angenent GC, Dons HJM, van Atvorst A-G 
(1999) Heterologous expression ofthe Arabidopsis ettl-1 
allele inhibits the senescence of carnation flowers. Plant 
&r 5: 301-308. 

Bradley JM, Davies KM, Deroles SC, Bloor SJ, Lewis DH 
(1998) The maize Lc regulatory gene up-regulates the 
flavonoid biosynthetic pathway of Petunia. Plant J \3: 
381-392. 

Brugliera F, Kale-Wright G, Hyland C, Webb L, Herbert 
S, Sheehan B, Mason JG (2000) Improvement of Fusarium 
wilt tolerance in carnations expressing chitinase. 
Supplement to Int. Plant Moi Biol Repr 18(2). 

Chang H, Jones ML, Nanowetz GM, Clark DG (2003) 
Overproduction of cytokinins in petunia flowers 
fransformed with PSAG12-IPT delay corolla senescence 
and decrease sensitivity to ethylene. Plant Physiol 132: 
2174-2183. 

Cbanneliere S, Riviere S, Scalliet G, Szecsi J, Jullien F, 
Dumas C, Bendahmane M, Hugueney P, Cock JM (2002) 
Analysis of gene expression in rose petals using expressed 
sequence tags. FEBSLett 2002: 35-38. 

Chen F, ThoU D, D'Auria JC, Farooq A, Pichersky E, 
Gershenzoh J (2003) Biosynthesis and emission of 
terpenoid volatiles from arabidopsis flowers. Plant Cell 
15:481-494. 

Cobb D, Schneiter N, Guo S, Humiston GA, Harrison B, 
Bolar J (2002) Flower specific expression of an ethylene 

406 



Tgp chi Cdng nghe Sinh hgc 7(4): 397-410, 2009 

• receptor (etrl-l) confers ethylene insensitivity in 
transgenic petunia. In: The Abstract of XVI International 
Horticultural Congress, Toronto, Canada: 68. 

Courtney-Gutterson N, Napoli C, Lemieux C, Morgan A, 
Firoozababy E, Robinson KEP (1994) Modification of 
flower color in Florist's Chrysanthemum: production of a 
white-flowering variety through molecular genetics. 
5/o/rec/!no/12: 268-271. 

Davies KM, Bloor SJ, Spiller GB, Deroles SC (H 
Production of yellow colour in flowers: redirection of 
flavonoid biosynthesis in Petunia. Plant J 13: 259-266. 

Dudareva N, Martin D, Kish CM, Kolosova N, Gorenstein 
N, Faldt J, Miller B, Bohlmann J (2003) (E)- b-ocimene 
synthase and myrcene synthase genes of floral scent 
biosynthesis in snapdragon: fiinction and expression of 
three terpene synthase genes of a new terpene synthase 
subfamily. P/a«f CeH 15: 1227-1241. 

Elomaa P, Honkanen J, Puska R, Seppanen P, Helariutta 
Y, Mehto M, Kotilainen M, Nevalainen L, Teeri TH 
(1993) Agrobacterium-mediated transfer of antisense 
chalcone synthase cDNA to Gerbera hybrida inhibits 
flower pigmentation. Bio/Technology 11: 508-511. 

Fluhr R (1998) Ethylene perception: from two-component 
signal transducers to gene induction. Trends Plant Sci 3: 
141-145. 

Forkmann G (1991) Flavonoids as flower pigments: 
the formation of the natural spectrum and its extension 
by genetic engineering. Plant Breed 106: 1-26. 

Forkmann G, Heller W (1999) Biosynthesis of 
flavonoids. In: Sankawa U (ed) Polyketides and Other 
Secondary Metabolites Including Fatty Acid and Their 
Derivatives. Elsevier, Amsterdam: 713-748. 

Fujiwara H, Tanaka,Y, Yonekura-Sakakibara K, 
Fukuchi-Mizutani M, Nakao M, Fukui Y, Yamaguchi 
M, Ashikari T, Kusumi T (1998) cDNA cloning, gene 
expression and subcellular localization of anthocyanin 5-
aromatic acylttansferase from Gentiana ttiflora. Plant J 
16:421-431. 

Fukada-Tanaka S, Inagaki Y, Yamaguchi T, Saito N, lida 
S (2000) Colouring-enhancing protein in blue petals. 
Nature 401: 5U. 

Fukuchi-Mizutani M, Okuhara H, Fukui Y, Nakao 
M, Katsumoto Y, Yonekura-Sakakibra K, Kusumi T, 
Rase T, Tanaka Y (2003) Biochemical and molecular 
characterization of a novel UDP-glucose: anthocyanin 3 '-
0-glucosyl-fransferase, a key enzyme for blue 
anthocyanin biosynthesis, from gentian. Plant J 132: 
1652-1663. 

Fukui Y, Tanaka Y, Kusumi T, Iwashita T, Nomoto K 
(2003) A rationale for the shift in colour towards blue in 
transgenic carnation flowers expressing the flavonoid 
3',5'-hydroxylase gene. Phytochemistry 63: 15-23. 

Gan S, Amasino RM (1995) hihibition of leaf senescence 
by autoregulated production of cytokinin. Science 270: 
1986-1988. 

Goodwin SM, Kolosova N, Kish CM, Wood KV, 
Dudareva N, Jenks MA (2003) Cuticle characterization 
and volatile emissions of petals in Antirrhinum majus. 
Plant Physiol 117: 435-443. 

Goto T, Kondo T (1991) Stmcture and molecular stacking 
of anthocyanins-flower color variation. Angrew. Chem Int 
Ed Engl 30: 17-33. 

Gutterson N (1995) Anthocyanin biosynthetic genes and 
their application to flower colour modification through 
sense suppression. Hort Sci 30: 964-966. 

Harbome JB (1967) Comparative biochemistry of the 
flavonoids-IV. Correlations between chemistry, pollen 
morphology and systematics in the family 
Plumbaginaceae. Phytochemistry 6: 1415-1428. 

Holton TA, Bmgliera F, Tanaka Y (1993) Cloning and 
expression of flavonol synthase from Petunia hybrida. 
Plant J 4: 1003-1010. 

Honda T, Saito N (2002) Recent progress in the chemistry 
of polyacylated anthocyanins as flower color pigment. 
Heterocycles 56: 633-692. 

Ibrahim RK, Muzac I (2000) The methyltransferase gene 
superfamily: a tree with multiple branches. In: 
Ibrahim R, Varin L, de Luca V, Romeo JT (eds) 
Recent Advances of Phytochemistry. Evolution of 
Metabolic Pathways. Elsevier Science, Amsterdam, 34: 
349-385. 

lida S, Hoshino A, Johzuka-Hisatomi Y, Habu Y, Inagaki 
Y (1999) Floricultural traits and fransposable elements in 
the Japanese and common moming glories. Ann N Y Acad 
Sci 870: 265-274. 

Itoh Y, Higeta D, Suzuki A, Yoshida H, Ozeki Y (2002) 
Excision of transposable elements from the chalcone 
Isomerase and dihydroflavonol 4-reductase genes may 
contribute to the variegation of the yellow-flowered 
carnation (Dianthus caryophyllus). Plant Cell Physiol 43: 
578-585. 

Iwata H (2003) Modem perpetual roses were generated by 
fransposon. In: Moming Glory Workshop, Okazaki James 
C (2002) Global Status of Commercialized Transgenic 
Crops: 2002. ISAAA Briefs No. 27. ISAAA, Ithaca. 

Jez JM, Bowman ME, Dixon RA, Noel JP (2000) 
Stmcture and mechanism of the evolutionary unique 
enzyrne chalcone isomerase. Nat Struct Biol 7: 786-791. 

Jorgensen RA, Que Q, Napoli CA (2002) 
MatemallycontroUed ovule abortion results from 
cosuppression of dihydroflavonol-4-reductase or 
flavonoid-3',5'-hydroxylase genes in Pettinia hybrida 
Fund Plant Biol 29: 1501-1506. 

407 



Duong Tdn Nhy t et al 

Joung Y, Roh M, Kamo K, Song J (2001) Agrobacterium 
mediated transformation of Campanula glomerata. Plant 
Cell Rep 20: 2S9-295. 

Kanno Y, Noda N, Kazuma K, Tsugawa H, Suzuki M 
(2003) Transformation of Lobelia erinus. (in Japanese). 
In: The Abstract of 21st Annual Meeting of Japanese 
Society Plant Cell Molecular Biology, Kagawa: 121. 

Kato N, Shikanai Y, Kanno Y, Suzuki M (2001) Flower 
colour modification of lisianthus via Agrobacterium (in 
Japanese). J Jpn Soc Hort Sci 70s2: 436. 

Kitada C, Gong Z, Tanaka Y, Yamazaki M, Saito K (2001) 
Differential expression of two cytochrome P450s involved 
in the biosynthesis of flavones and anthocyanins in 
chemovarietal forms of Perilla frutescens. Plant Cell 
Physiol 42: 1338-1344. 

Knudsen JT, ToUsten L, Gunnar Bergsfrom L (1993) 
Floral scents - A checklist of volatile compounds isolated 
by headspace techniques. Phytochemistry 33: 253-280. 

Kolosova N, Gorenstein N, Kish CM, Dudareva N (2001) 
Regulation of circadian methyl benzoate emission in 
diumally and noctumally emitting plants. Plant Cell 13: 
2333-2347. 

La-vy M, Zuker A, Lewinsohn E, Larkov O, Ravid U, 
Vainstein A, Weiss D (2002) Linalool and linalool oxide 
production in fransgenic carnation flowers expressing the 
Clarkia breweri linalool synthase gene. Moi Breed 9: 103-
111. 

Lewinsohn E, Schalechet F, Wilkinson J, Matsui K, 
Tadmor Y, Nam K-H, Amar O, Lastochkin E, Larkov O, 
Ravid U, Hiatt W, Gapstein S, Pichersky E (2001) 
Enhanced levels of the aroma and flavor compound S-
linalool by metabolic engineering ofthe terpenoid pathway 
in tomato fi-uits. Plant Physiol 127: 1256-1265. 

Liu D, Galli M, Crawford NM (2001) Engineering 
variegated floral patterns in tobacco plants using the 
Arabidopsis fransposable element Tagl. Plant Cell Physiol 
42: 419-423. 

Lloyd AM, Walbot V, Davis RW (1992) Arabidopsis and 
Nicotiana anthocyanin production activated by maize 
regulators R and Cl . Science 258: 1773-1775. 

Lucker J, Bouivmeestar HJ, Schwab W, Blaas J, van der 
Plas LH, Verhoeven HA (2001) Expression of Clarkia S-
linalool synthase in fransgenic petunia plants results in the 
accumulation of S-linalyl-b-D-glucopyranoside. Plant J 
27:315-324. 

Martens S, Forkmann G (1999) Cloning and expression of 
flavone synthase II from Gerbera hybrida. Plant J 20: 
611-618. 

Martens S, Forkmann G, Britsch L, Wellmann F, 
Matem U, Lukacin R (2003) Divergent evolution of 

flavonoid 2-oxoglutarate-dependent dioxygenases 
inparsley. FEBS Lett 544: 93-98. 

Mizutani M, Tsuda S, Suzuki K, Nakamura N, Fukui 
Y, Kusumi T, Tanaka Y (2003) Evaluation of post 
transcriptional gene silencing methods using flower 
color as the indicator. Plant Cell Physiol 44: s l22. 

Moi J, Grotewold E, Koes R (1998) How gene paint 
flowers and seeds. Trends Plant Sci 3: 212-217. 

Nakayama T, Yonekura-Sakakibara K, Sato T, Kikuchi S, 
Fukui Y, Fukuchi-Mizutani M, Ueda T Nakao M, Tanaka 
Y, Kusumi T, Nishino T (2000) Aureusidin synthase: a 
polyphenol oxidase homolog responsible for flower 
coloration. Science 290: 1163-1166. 

Nielsen K, Deroles SC, Markham KR, Bradley MJ, 
Podivinsky E, Manson D (2001) Antisense flavonol 
synthase alters copigmentation and flower colour in 
Lisiathus. Moi Breed 9: 217-229. 

Nishihara M, Nakatsuka T, Mishiba K, Kikuchi A, 
Yamamura S (2003) Flower color modification by 
suppression of chalcone synthase gene in gentian. Plant 
Cell Physiol 44: s\59. 

Okinaka Y, Shimada Y, Nakano-Shimada R, Ohbayashi 
M, Kiyokawa S, Kikuchi Y (2003) Selective accumulation 
of delphinidin derivatives in tobacco using a putative 
flavonoid 3',5'-hydroxylase cDNA from Campanula 
medium. Biosci Biotechnol Biochem 67: 161-165. 

Okuhara, H, Ishiguro K, Hirose C, Gao M, Togami J, 
Nakamura N, Ono E, Ochiai M, Fukui Y, Yanaguchi M, 
Tanaka Y (2004) Molecular cloning and fiinctional 
expression of teterahydroxychalcone 2'-
glucosylttansferase genes. Plant Cell Physiol 45: sl33. 

Olszewski N, Sun T-P, Gubler F (2002) Gibberellin 
signaling: biosynthesis, catabolism, and response 
pathways. Plant Cell S61-S80. 

Quatfrochio F, Wing JF, Leppen HTC, Moi JNM, 
Koes R (1993) Regulatory genes controlling 
anthocyanin pigmentation are functionally conserved 
among plant species and have distinct sets of target 
genes. Plant Cell 5: 1497-1512. 

Savin KW, Baudinette SC, Graham MW, Michael MZ, 
Nugent GD, Lu C, Chandler SF, Comish EC (1995) 
Antisense ACC Oxidase RNA delays carnation petal 
senescence. Hort Sci 30: 970-972. 

Scalliet G, Joumot N, Jullien S, Baudino S, Magnard J-L, 
Cbanneliere S, Vergne P, Dumas C, Bendahmane M, Cock 
JM, Hugueney P (2002) Biosynthesis of the major scent 
components 3,5-dimethoxytoluene and 1,3,5-
trimethoxybenzene by novel rose 0-methyltransferases. 
FEBS Lett 2002: 113-118. 

Schade F, Legge RL, Thompson JE (2001) Fragranci 

408 



Tgp chi Cdng nghi Sinh hgc 7(4): 397-410, 2009 

volatiles of developing and senesing carnation flower. 
Phytochemistry 56: 703-710. 

Shalit M, Guterman I, Volpin H, Bar E, Tamari T, Menda 
N, Adam Z, Zamir D, Vainstein A, Weiss D, Pichersky E, 
Lewinsohn E (2003) Volatile ester formation in roses. 
Identification of an acetyl coenzyme A:geraniol/cifronellol 
acetylfransferase in developing rose petals. Plant Physiol 
131: 1868-1876. 

Shaw J-F, Chen H-H, Tsai M-F, Kuo C-1, Huang L-C 
(2002) Extended flower longevity of Petunia hybrida 
plants transformed with boers, a mutated ERS gene of 
Brassica oleracea. Moi Breed 9: 211-216. 

Shimada Y, Nakano-Shimada R, Ohbayashi M, Okinaka Y, 
Kiyokawa S, Kikuchi Y (1999) Expression of chimeric P450 
genes encoding flavonoid-3', 5'-hydroxylase in fransgenic 
tobacco and petunia plants. FEBS Lett 461: 241 -245. 

Springob K, Nakajima J, Yamazaki M, Saito K (2003) 
Recent advances in the biosynthesis and accumulation of 
anthocyanins. NafTrod Rep 20: 288-303. 

Stafford HA (1990) Flavonoid Metabolism. CRC Press, 
Florida. 

Sfrack D, Wray V (1993) The anthocyanins. In: 
Harbome JB (ed) The Flavonoids - Advances in 
Research Since 1986. Chapman and Hall, London; 1-
22., 

Suzuki H, Nakayama T, Yonekura-Sakakibara K, 
Fukui Y, Nakamura N, Nakao M, Tanaka Y, 
Yamaguchi MA, Kusumi T, Nishino T (2001) Malonyl 
CoA:anthocyanidin 5-0-glucoside-6"-0-malonyltransferase 
gene from scarlet sage (Salvia splendens) flowers. 
Enzyme purification, gene cloning, expression, and 
characterization. J Biol Chem 276: 49013-49019. 

Suzuki H, Nakayama T, Yonekura-Sakakibara K, 
Fukui Y, Nakamura N, Yamaguchi MA, Tanaka, Y, 
iCusumi T, • Nishino T (2002) cDNA cloning, 
heterologous expressions, and functional 
characterization of malonyl CoA:anthocyanidin 3-0-
glucoside-6"-0-malonyltransferase from dahlia flowers. 
Plant Physiol 130: 2142-2151. 

Ueyama Y, Suzuki K, Fukuchi-Mizutani M, Fukui Y, 
Miyazaki K, Ohkawa H, Kusumi T, Tanaka Y (2002) 
Molecular and biochemical characterization of torenia 
flavonoid 3'-hydroxylase and flavone synthase II and 
modification of flower color by modulating the expression 

of these genes. Plant Sci 163: 253-263. 

van der Krol AR, Lenting PE, Veenstra J, van der Meer 
IM, Koes RE, Gerats AGM. Moi JNM, Smitje AR (1988) 
An antisense chalcone synthase gene in fransgenic plants 
inhibits flower pigmentation. Nature 333: 866-869. 

van der Saim TPM, van der Toom CJG, Bouwer R, Hanisch 
ten Gate CH, Dons HJM (1997) Production of ROL gene 
fransformed plants of Rosa hybrida L. and characterization 
of their rooting ability. Moi Breed 3: 3 9-47. 

Verdonk JC, de Vos CHR, Verhoeven HA, Haring HA, 
van Tunen AJ, Schuurink RC (2003) Regulation of floral 
scent production in petunia revealed by target metabolics. 
Phytochemistry 62:991-100?,. 

Wang M-B, Waterhouse PM (2001) Application of gene 
silencing in plants. Curr Opin Plant Biol 5: 146-150. 

Wilkinson JQ, Lenahan MB, Clark DG, Bleecker AB, 
Chang C, Meyerowitz EM, Klee HJ (1997) A dominant 
mutant receptor from Arabidopsis confers ethylene 
insensitivity in heterologous plants. Nat Biotechnol 15: 
444-447. 

Winefield C, Lewis D, Arathoon S, Deroles S (1999) 
Alteration of Petunia plant from through the infroduction 
of the rolC gene from Agrobacterium rhizogenes. Moi 
Breed 5: 543-551. 

Winkel-Shirley B (2002) Biosynthesis of flavonoids and 
effects ot stress. Curr Opin Plant Biol 5: 218-223. 

Yamaguchi T, Fukada-Tanaka S, Inagaki Y, Saito N, 
Yonekura-Sakakibara K, Tanaka Y, Kusumi T, lida S 
(2001) Genes encoding the vacuolar Na*/H* exchanger and 
flower coloration. Plant Cell Physiol 42: 451-461. 

Yonekura-Sakakibara K, Tanaka Y, Fukuchi-Mizutani 
M, Fujiwara H, Fukui Y, Ashikari T, Murakami Y, 
Yamaguchi M, Kusumi T (2000) Molecular and 
biochemical characterization of hydroxycinnamoyl-
CoA: anthocyanin 3-0-glucoside-6"-0-hydroxy-
cinnamoylfransferase from Perilla fmtescens. Plant Cell 
Physiol 132: 1652-1663. 

Yoshida K, Kondo T, Okazaki Y, Katou K (1995) Cause 
of blue petal colour. Nature 373: 291. 

Zuker A, Tzfira T, Ben-meir H, Ovadis M, Shklarman E, 
Itzhaki H, Forkmann G, Martens S, Nata-Sharir I, Weiss 
D, Vainstein A (2002) Modification of flower colour and 
fragrance by antisense suppression of the flavanone 3-
hydroxylase gene. Moi Breed 9: 33-41. 

409 


