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TOM TAT: Cay dira can, Catharanthus roseus (L.) G. Don, la thuc vét hai l4 mam, c6 kha ning san
XUAt cac alkaloid, trong d6 c¢6 vincristine va vinblastine, chita dugc cac bénh ung thu, dic biét 13 ung
thu mau. Deacetylvindoline 4-O-acetyltransferase (DAT) la enzyme chia khoa xdc tac cho phan tmg
cudi cling trong qua trinh sinh tong hop vindoline ¢ cdy dira can. Nghién citu nang cao ham luong
alkaloid trong cy dira can theo hudng tiép can tng dung cong ngh¢ gen nham dap &ng ngudn nguyén
liéu phuc vu muc dich chira bénh dwoc dt ra trong chién hroc nghién ciu cay dugc ligu. Trong bai
bao nay, ching toi trinh bay két qua nhan ban, tach dong cDNA va xac dinh trinh tu nucleotide cua
gen DAT phan lap tir mRNA ciia giéng cdy dira can c6 hoa hong tim (TN1) va hoa tring (TN2) thu tai
Thai Nguyén. Gen DAT (cDNA) dugc phan lap tir hai mau dira can TN1 va TN2 ¢6 kich thude 1320
bp, ma héa deacetylvindoline 4-O-acetyltransferase gém 439 amino acid. Trinh ty nucleotide cua
cDNA & mau dira can TN1 (hoa hong tim) va TN2 (hoa tring) khac nhau ¢ 13 vi tri nucleotide, trinh
tu amino acid suy dién cia DAT cta hai mau dira can TN1, TN2 sai khac ¢ 10 vi tri amino acid.
Vector chuyén gen mang gen DAT d4 dugc thiét ké thanh cong va duoc sir dung trong muc dich tao

dong cay chuyén gen ¢ ham luong alkaloid dugc cai thién.
Tur khoa: Catharanthus roseus, alkaloid, dira can, gen DAT, tach dong phén tu.

MG PAU

Céay dtra can, Catharanthus roseus (L.) G.
Don, haycon goi 1a cdy hai ding, duong
giac, bong dira va truong xuan hoa, thudc ho
Trac dao (Apocynaceae). Cay dua can duoc
trdng phd bién ¢ Viét Nam dé 1am canh va lam
thudc [1]. Cay dira can dugc nghién ciru rong réi
do chira nhidu loai alkaloid terpenoid indol
(TIA), c6 tac dung sinh 1y dbi v6i con ngudi va
duogc str dung lam thude loi tiéu, chira huyét ap,
chita tiéu duong [1]. Pic biét, hai loai alkaloid 1a
vincristine va vinblastine, ¢ hoat tinh chong ung
thu, con cac hop chit don phan nhu ajmalicine
va serpentine dugc sir dung trong didu tri bénh
tim mach va gitp luu thong mau [1, 10].

Deacetylvindoline 4-0O- acetyltransferase
(DAT) la enzyme chia khoa, xuc tac cho phan
tmg cudi clng trong qua trinh sinh téng hop
vindoline & cdy dira can [5, 8]. DAT tinh sach
cO gia tri 6,5 microM cho acetylcoenzyme A va
1,3 microM cho deacetylvindoline va cac gia tri
Vmax 12,6 pkat/microgram protein
(acetylcoenzyme A) va 10,1 pkat/mg protein
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(deacetylvindoline). Uc ché DAT bing
tabersonine, coenzym A va cac cation (K*, Mg**
va Mn?") da duoc quan sat va pH téi uu cua
enzyme nay dugc xac dinh 1a 7,5-9 [5]. Theo St-
Pierre et al. (1998) [7] DAT c6 khéi luong phan
tr 12 50 kDa, gdm 9 chudi polypeptide. Gen
DAT cua cdy dtra can co6 kich thude 1320 bp,
ma hoa deacetylvindoline 4-O-acetyltransferase
gém 439 amino acid, tham gia xuc tic chudi
phan tng cudi clng trong qué trinh sinh tng
hop vindoline. Sy tac dong cua enzyme DAT
vao ré cdy da lam thay doi monoterpenoid
indole alkaloids (MIA) cua chang [3] va cho
thdy tac dong cua cac gen trong chudi Chuyen
hoa vindoline c6 thé lam thay doi dang ké trong
c4c cu tric alkaloid [2]. Chinh vi Vay, thiét ké
vector Chuyen gen mang gen DAT va nghién
cau yéu t6 tac dong theo hudng tang cuong
téng hop vindoline trong cay dira can bang cong
nghé gen dugc chung téi quan tdm trong nghién
cuau nay.

VAT LIEU VA PHUONG PHAP NGHIEN CUU

Sir dung mau 1a cdy dira can c6 hoa mau
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hong tim (TN1) va hoa mau tring (TN2) loai
Catharanthus roseus (L.) G. Don, thu tai tinh
Thai Nguyén lam nguyén liéu tach chiét RNA
téng s6 phuc vu phan 1ap gen tir mMRNA bang k§
thuat RT-PCR.

Cac chung vi khuin va cac loai vector sir
dung trong nghién ctru dugc cung cip tir Vién
Cong nghé sinh hoc, Vién Han lam Khoa hoc &
Cong nghé Viét Nam gdém: Escherichia coli
DH5a, A. tumefaciens EHA105, vector pBT
tach dong gen, vector pRTRA7/3-cmyc, vector
chuyén gen pBI121.

St dung cac nhém phuong phap nghién ciru:
phan lap gen; tach dong phan tur va xdc dinh trinh
tu nucleotide; thiét ke vector chuyén gen.

RNA téng sé dugc tach chiét bang Trizol
Reagent Kit; cDNA duoc téng hop theo quy
trinh Maxima® First Strand cDNA Synthesis
Kit; gen DAT duogc khuéch dai bang k§ thuat
PCR Véi cip mdi dic hiéu theo chu ky nhiét:
94°4 phat, lap lai 30 chu ky, mdi chu ky:
(94°C/1 phat, 58°C/1 phat va 72°C/1 phat 30
gidy); 72°C/7 phat va 4°C: o. San phdm PCR
duogc kiém tra bing dién di trén gel agarose 1%;
tinh sach san phdm PCR theo GeneJET PCR
Purification Kit va gin vao vector tach dong
pBT rdi bién nap vao té bao kha bién E. coli
DH5a bing sbc nhiét (42°C trong 1 phat 30

Bang 1. Cac cip mdi sir dung trong nghién ciru

gidy). Vi khuan mang vector tai t6 hop duoc
chon loc trén méi truong LB dic bd sung X-gal,
IPTG, khang sinh carbenicilin va bang colony-
PCR Véi cap mdi dic hiéu. Plasmid tai to hop
dugc thu nhan bang cach tach chiét theo phuong
phap tach dong phan tir [6]. Trinh tu gen DAT
dugc xac dinh bang thiét bj giai trinh ty gen ty
dong ABI Prism 3130, Hoa Ky/Nhat Ban. S
litu dwoc xr 1y bang phin mém BioEdit,
DNAStar.

Vector chuyén gen mang gen DAT dugc
thiét ké theo hai budc co ban (1) Thiét ké ciu
trac doc 1ap mang gen chuyén DAT; (2) Gin
cau truc gen DAT vao vector chuyén gen thuc
vat pBI121.

KET QUA VA THAO LUAN

Két qua tach dong va xac dinh trinh ty gen
DAT

Két qua khuéch dai va tach dong cDNA

Dya trén nhitng thong tin vé trinh ty gen
DAT cua ciy dira can da cong bb trén Ngan
hang gen c6 ma s6 AF053307 [9] ching t6i da
thiét ké cap moi dic hidu DAT-Ncol/DATR-Notl
dé khuéch dai doan mA hda cia gen DAT
(cDNA) dy kién voi kich thude 1a 1320 bp
(bang 1).

Ky hiéu Trinh tu nucleotide (5’-3’)
DAT-Ncol CATGCCATGGATGGAGTCAGGAAAAATATC
DAT-Notl TTGCGGCCGCATTAGAAACAAATTGAAGTA
Xbal-DAT CGTCTAGAATGGAGTCAGGAAAAATATCGG

Cmyc-KDEL-Sacl

CCGAGCTCCTAGAGTTCGTCTTTGGAACC

RNA téng s6 duoc tach chiét tir 14 ciia mau
cy dira can TN1, TN2 va cDNA dugc tong hop
tr RNA tong s6 bang phan tng phién mi
nguoc. Phan mg PCR nhan ban doan md hoa
cua gen DAT voi cip moi da thiét ké DAT-
Ncol/DAT-Notl, két qua kiém tra san pham PCR
bang dién di trén gel agarose 1% cuing véi thang
DNA 1 kb duge thé hién & hinh 1.

Két qua thu duoc & hinh 1A cho thiy miu
cdy dira can TN1 va TN2 cho san phim PCR
véi mot bang DNA véi kich thude udce tinh
khoang 1,3 kb. Cac bing déu sang, rd nét va

khéng c6 san phiam phu. Kich thudc ndy phu
hop theo tinh toan 1y thuyét va tuong tng voéi
kich thude cia doan md hoa cua gen DAT ¢ dira
can mang mi s6 AF053307 trén Ngan hang
Gen. Tuy nhién, dé khing dinh chinh xac san
pham thu dugc 13 gen DAT chung t6i da tién
hanh tach dong, xac dinh trinh tu nucleotide va
so sanh véi trinh ty gen DAT mang mi sé
AF053307 trén Ngan hang gen.

Sau khi tinh sach, san phim PCR duoc gin
truc tiép vao vector tach dong pBT va bién nap
vao té bao kha bién E. coli DH50. Cac khuan
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lac tring dugc nudi long va tach chiét plasmid
dé kiém tra bé“mg PCR véi cap moi dic hiéu
DAT-Ncol/DAT-Notl. Két qua dién di kiém tra
san pham PCR ¢ hinh 1B cho thay, déi véi mau
TN1 va TN2, bang DNA c6 kich thudc khoang

1,3KD = b o

« 1,0kb

1,3 kb xuét hién & tit ca cac giéng. Kich thudc
cua doan DNA twong tng Kich thudc cua gen
DAT theo tinh toan ly thuyét. Céc plasmid téi to
hop s& dugce dem giai trinh ty nucleotide.
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Hinh 1. A: Két qua dién di kiém tra san pham PCR nhan gen DAT (cDNA) tir hai mau dira can TN1

va TN2 (M: Thang DNA 1 kb; 1&2: Poan gen DAT (cDNA) khuéch dai tir mau TN1; 3&4: Poan

gen DAT (cDNA) khuéch dai tir mau TN2); B: Két qua dién di kiém tra san pham colony - PCR tir

12 dong khuan lac (M: Thang DNA 1 kb; 1-6: Poan gen DAT (cDNA) khuéch dai tir khuan lac cia
mau TN2; 7-12: Poan gen DAT (cDNA) khuéch dai tir khuan lac caa mau TN2)

Két qua giai trinh ty nucleotide cho thdy,
cDNA ctia gen DAT phén lap tir hai miu dira
can TN1 (hoa hong tim) va TN2 (hoa tring) déu
c6 kich thuéc 1320 bp. Trinh tu gen DAT cua
hai mau dira can TN1, TN2 ma ching t6i thu
dugc so véi trinh ty gen DAT mang ma sb
AF053307 trén Ngan hang gen NCBI cho théy,
doan ma hoa cua gen DAT c6 do tuong dong
cao. Gen DAT phan Iap tir hai mau dira can TN1
va TN2 c6 do tuong dong so véi trinh ty gen
DAT mang ma s6 AF053307 1a 99,5% va 99%
1a ty 1é twong ddng cua trinh ty gen DAT giira
hai mau TN1 va TN2. Nhu vdy c6 thé két luan
rang, gen DAT phan lap tir hai mau dira can hoa
hong tim (TN1) va miu hoa tring (TN2) d4

dugc tach dong thanh céng va xac dinh trinh tu
nucleotide. Trinh ty nucleoitde cia gen DAT
phan lap tir hai mau dura can TN, TN2 di duogc
ding ky trén Ngan hang Gen véi mi s
LN809930 va LN809931.

Tuy nhién, trinh tu nucleotide cia cDNA &
mau dira can hoa hdng tim TN1 c¢6 su sai khac so
Vv6i trinh ty mang méd s6 AF053307 & 6 vj tri
nucleotide (1281, 1282, 1283, 1284, 1286, 1287),
cDNA cua mau dira can hoa tring TN2 c6 sy sai
khéc so véi trinh ty mang ma s6 AF053307 & 7
vi tri nucleotide (482, 493, 500, 503, 505, 519,
566) va trinh ty nucleotide cuia gen DAT ¢ hai
mau dira can TN1 va TN2 khac nhau ¢ 13
nucleotide (bang 2).

Bdang 2. Céc vi tri nucleotide sai khac gitra ba trinh tu nucleotide ctia gen DAT

Vi tri

482 493 500 503 505 519 566 1281 1282 1283 1284 1286 1287

AF053307 C A C C T G
TN1 c A C C T G
TN2 G T T T G T

C T G A G A G
C G A G A G A
G T G A G A G

Tiép tuc phan tich, so sanh trinh ty amino
acid suy dien tir trinh tw cCDNA cua hai mau dira
can TN1, TN2 voi protein mang ma so
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AAC99311 trén Ngan hang Gen (protein suy
dien tr gen DAT mang ma so AF053307), ket
qua dugc thé hién ¢ hinh 3.
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ARCS9311
PrDAT-TN1
PrDAT-TMN2

ARCO99311
PrDAT-THN1
PrDAT-TH2

ARCO99311
PrDAT-TN1
PrDAT-TN2

ARCS9311
PrDAT-THN1
PrDAT-THN2

ARCS9311L
PrDAT-THN1
PrDAT-TN2

ARCH9311
PrDAT-THN1
PrDAT-THN2

ARC99311
PrDAT-THN1
PrDAT-TNZ2

ARCO931L
PrDAT-THN1
PrDAT-THN2

Két qua so sanh trinh tw amino acid suy dién
ciia DAT & hai mau dira can TN, TN2 va DAT
mang m& s6 AAC99311 trén Ngan hang Gen
(protein suy dién tr gen DAT mang mi sb
AF053307) (hinh 2) cho thay, protein DAT gom
439 amino acid va cé do twong ddng cao. So Véi
protein mang ma s6 AAC99311 trén Ngan hang
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Hinh 2. Trinh tu amino acid suy dién cia hai mau dira can TN1, TN2
va cua protein mang ma s6 AAC99311 trén Ngan hang Gen

gen thi trinh ty amino acid suy dién cua mau
TN1 c6 do twong dong 99,3%, ctia mau TN2 co
d6 twong ddéng 99,4%; con trinh ty amino acid
suy dién cua hai mau TN1 va TN2 tuong dong
la 97,7%. Tuy nhién, cac trinh ty amnio acid
cua protein DAT ciing c6 su khac nhau ¢ 10 vi
tri amino acid (bang 3).

Bdng 3. Cac vi trf sai khac giira trinh ty amino acid suy dién ctia protein DAT & mau dira can hoa
hong tim TN1, hoa trang TN2 va protein mang ma so AAC99311 trén Ngan hang Gen

Vi tri 161 165 167 168 169 173 189 427 428 429
AAC99311 A T A S F W P F E K

TN1 A T A S F W P L R R

TN2 G S V L V C R F E K
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Bang 3 cho thdy, trinh tu amino acid suy
didn cia mau TN1 khac véi DAT mang ma sé
AAC99311 ¢ 3 amino acid (427, 428, 429), con
trinh ty amino acid suy dién caa mau TN2 khéc
v6i DAT mang mi sé6 AAC99311 & 7 amino
acid (161, 165, 167, 168, 169, 173 va 189).

Deacetylvindoline 4-O-acetyltransferase la
mot thanh vién cua ho transferase cé chirc nang
xuc tac & khau cudi cing trong sinh téng hop
vindoline. Motif HXXXD c6 thé 1a mét phin
trong vi tri hoat dong ctia enzym nay. Vung
transferase cua DAT cO 427 amino acid, tu
amino acid thur 8 dén 434 [9]. Cay dura can gom
ba giéng khac nhau, glong dua can hoa hong
tim, dtra can hoa trang va dira can hoa tring
nhuy do. Marfori va Alejar (1993) da phan tich
su thay d6i ham luong alkaloid trong md seo c6
nguon gbc tir 14, ré va hoa cua gidng dira can
hoa hdng tim va giéng hoa tring d& nhan xét
ring ham luong alkaloid phy thugc vao nguon
g6c md seo tir 14, ré hay hoa va ham lugng
alkaloid & md seo c6 ngudn géc tir ré cua giéng
dua can Hoa hong tim cao hon ¢ giéng hoa
trang [4]. DAT cua miu dura can TN1 (hoa hong
tim) va TN2 (hoa trang) khac nhau & 10 amino
acid ¢ vung transferase, su khac nhau nay co
lién quan gi dén tong hop alkaloid va sy khac
nhau vé ham luong alkaloid giira gidng hoa
hong tim va giéng hoa tring la van dé can duoc
tiép tuc nghién cuu.

Thiét ké vector chuyén gen mang ciu tric
gen DAT

Tao cdu triic chita gen dich DAT

Gen DAT cua cdy dira can mau hoa hong
tim dd duoc tach dong trong vector pBT duoc
cit bang hai loai enzyme giéi han 1a Ncol/ Notl,
két qua tao ra hai phan doan DNA c6 kich thudc
khoang 1,3 kb va 2,71 kb. Trong d6 phan doan
DNA 1,3 kb chinh 1a gen DAT céan thu nhan.
Hinh 3 thé hién san pham DNA tinh sach sau
khi cit vector pBT tai t6 hop boi cip enzyme
gidi han 1a Ncol/ Notl c6 kich thude khoang 1,3
kb tuong tmg véi kich thudc gen DAT dé udc
tinh. Poan DNA nay duoc dung dé phat trién
vector chuyén gen & cac budc tiép theo.

Sau  khi cit mo vong dugc vector
PRTRA7/3 bang st dung cap enzyme gidi han
Ncol/Notl véi kich thude tinh toan 1a 3,3 kb.
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Tién hanh gan voéi gen DAT nhd phan tng ndi
V6i su xtc tac cia DNA T4 ligase tao ra cdu
trdc tai t6 hop pRTRA7/3 - DAT. Vector téi to
hop dugc bién nap vao té bao kha bién E. coli
DH5a va chon dong bang phan tmg colony -
PCR V6i cap moi dic hiéu. Két qua dién di kiém
tra cho thay, ca 5 dong khuan lac xuit hién mot
bang DNA dic hiéu khoang 1,3 kb tuong tng
véi kich thude cia gen DAT. Nhu vay ca 5
dong vi khuan chon loc déu mang plasmid tai to
hop chira gen DAT. Plasmid tai t hop pRTRA-
DAT duoc str dung dé thu nhan cdu trac mang
gen DAT phuc vu phat trién vector chuyén gen
& thuc vat.

+«15kb
+«<1,0kb

Hinh 3. Két qua cét vector pRTRA7/3 va pBT-
DAT véi cap enzyme giGi han Ncol va Notl

A: Két qua cat pBT-DAT; M: DNA ladder 1 kb; 1:

pBT-DAT chura cit; 2: pBT-DAT d4 cat; B: Két qua

cit pRTRA7/3; M: DNA ladder 1 kb; 1: pRTRA7/3
chua cit; 2: pRTRA7/3 d cit.

Tao cau triic 35S-DAT-cmyc

Sau khi dugc cdu trac gen DAT dﬁy da cac
thanh phan can thiét cho bléu hién va kiém tra
hoat dong clia gen, viée tiép theo 14 gan ciu tric
nay vao vector chuyen gen phll hop dé c6 thé
bién nap dwoc vao hé gen thuc vat. Gen DAT
duoc gan vao vector pRTRA 7/3 nhiam thu nhan
C4u trac chira dudi cmyc dé chuyén vao vector
Chuyen gen pBI121. Poan DAT-cmyc dugc nhan
ban béng cap moi DAT-Xbal/DAT-cmyc-Sacl
(bang 1) va gan vao vector pBI121 dé thu nhan
cau trac chuyén gen 35S-DAT-cmyc (hinh 4B).

Viéc gin cau trac gen DAT vao vector
chuyén gen pB1121 duoc thyc hién boi cac phan
tmg thu nhan ciu truc gen DAT bing enzyme
gi6i han, cat md vong vector PBI121 va gén ciu
trdc gen DAT tao vector chuyén gen. St dung
T4 ligase dé gin ciu trac 35S-DAT-cmyc vao
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plasmid pBI121 mé vong. San pham tai t6 hop
duogc bién nap vao té bao kha bién E. coli DH5a
bang sdc nhiét dé chon loc va nhan dong nho
colony - PCR (hinh 4A). Vi khuén sau khi bién
nap dugc nudi trén mdi truong LB dic bd sung
khang sinh chon loc kanamycin. Sau d6 dién di
kiém tra bang colony-PCR cho thiy dong khuan
lac 3 4m tinh (khong xuit hién bing dic hiéu)
¢6 thé do chira plasmid pBI121 ty dong vong,
khang duoc kanamycin nhung khong mang ciu
trdc gen DAT. Céc dong khuan lac 1, 2, 4, 5, 6
dwong tinh véi phan tng colony-PCR (xut hién

M () () 1 2 3 4 5 6

A

RB Xbal Sacl

o )

bang dac hleu khoang 1,3 kb) c6 thé chua
plasmid tai to hop mang ciu truc gen DAT.
Nhitng dong khuan lac duong tinh dugc nudi
trong LB long bd sung khang sinh chon loc
(kanamycin) dé nhan dong vector tai t5 hop.
Plasmid tai t6 hop pBI121_CaMV35S_DAT c-
myc duoc tach chiét, kiém tra va bién nap vao
A. tumefaciens. Cac dong A. tumefaciens tai t6
hop cha vector chuyén gen pBI121_
CaMV35S_DAT _c-myc dwoc kiém tra bing
colony-PCR va st dung cho céc thi nghiém
chuyén gen tiép theo (hinh 4C).

Hinh 4. A: Két qua PCR kiém tra cac dc‘Jng’ khuénrlac Agrobacterium tumefaciens sau bién nap;
B: M0 hinh cau tric chuyén gen dugc thi€t ké; C: Ket qua kiém tra san pham colony-PCR cac dong
A. tumefaciens chira vector chuyén gen pBI121_CaMV35S_DAT_c-myc.

KET LUAN

cDNA cua gen DAT phan lap tr mau dura
can TN1 (hoa hong tim) va TN2 (hoa tring) thu
tai Thai Nguyén da dugc khuéch dai, tach dong
thanh cdng va xac dinh duoc trinh tu nucleotide.
Poan gen DAT phén lap dugc c6 kich thuéc
1320 nucleotide, ma hdéa 439 amino acid. Trinh
ty nucleotide ciia gen DAT phén lap tir mau dira
can TN1 va TN2 thu tai Thai Nguyén cé do6
turong dong 1a 99% va so vai trinh tu nucleotide
ctiia gen DAT mang ma s6 AF053307 trén Ngan
hang gen la 99,5%. Gen DAT & mau dira can
TN1 (hoa hong tim) va TN2 (hoa tring) c6 su
khac nhau ¢ 13 nucleotide, trinh tu amino acid
suy dién cia DAT & hai mau dira can TN1 va
TN2 c6 su sai khac ¢ 10 amino acid. Vector
chuyén gen mang gen DAT phan lap tir cay dura
can hoa hong tim da thiét ké thanh cong va tao

duoc vi khuan A. tumefaciens tai to hop phuc vu
chuyén gen trong muc dich cai thi¢n ham lugng
alkaloid trong cay dtra can.
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SUMMARY

Catharanthus roseus (L.) is a dicotyledonous plant, which has the ability of producing some special
alkaloids as vincristine and vinblastine that can cure cancers, especially blood cancer. Deacetylvindoline 4-O-
acetyltransferase (DAT) is the catalyst key enzyme for the last reaction of vindoline biosynthetic process in
Catharanthus roseus. Research on improvement of alkaloid content in periwinkle plants by approach of
application of gene technology aims provide sufficient materials for medicinal purposes has been set out in
the strategy of medicinal plant research in Vietnam. In this paper, we presented the results of cloning and
determining the nucleotide sequencing of DAT gene (cDNA) isolated from mRNA of two varieties of
Catharanthus roseus plant, viz. pink-purple flower variety (TN1) and white flower variety (TN2) that were
collected at Thainguyen province. DAT gene isolated from two periwinkle sample TN1 and TN2 is 1320
nucleotides in length, encoding of acetyl CoA deacetylvindoline 4-O-acetyltransferase including 439 amino
acids, participating in the last reaction chain of vindoline biosynthetic process. Comparative alignment of
sequence of DAT gene between two sample TN1 (pink-purple flower) and TN2 (white flower) in Vietnam
showed in 13 different location in nucleotide sequence of DAT gene. Sequence of deduced amino acid of two
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periwinkle samples TN1 and TN2 had 10 different location in amino acid sequence of DAT. Transgenic
vector carrying DAT gene has been designed successfully. These results form the basis for generation of
transgenic periwinkle plants overexpressing DAT, aiming to improve the alkaloid content in periwinkle
plants.
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