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Loi néi dau

Gi4o trinh nay dugc bién soan nhiam cung cdp cho sinh vién nhiing
kién thirc co ban va ng dung cua cong nghé gen trong linh vuc nong
nghi¢p.

Do sach dugc xuit ban 1an dau va cong nghé sinh hoc 13 mot nganh
khoa hoc phat trién rit nhanh chéng dic biét trong thoi gian gén day nén
kho tranh khoi thiéu sot. Tuy vy, chung toi van manh dan xuat ban véi
mong mudn phuc vu cho nhu ciu hoc tap cia sinh vién nganh noéng nghiép.

Chung t6i rat mong duogc cic dong nghiép va sinh vién dong gop
nhiéu y kién dé cho 1an bién soan sau dat duoc chat luong t6t hon. Nhiing
nhan xét va y kién dong gdp xin vui long gii vé Khoa Néong hoc, Trudng
dai hoc Nong Lam, Pai hoc Hué.

Chuing t6i tran trong cam on TS. Lé Viét Diing da dong gop nhiéu ¥
kién quy bau cho gido trinh nay. Xin chan thanh cAm on Dy an Gido duc
Pai hoc Hué da giup d& va tao diéu kién cho chung t6i hoan thanh gido
trinh.
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Chuong 1
San xuéat, xac nhan va dé bén virng cua cay tréng chuyén gen

1.1. Cac phwong phap chuyén gen ¢ thue vat

Cho dén nay hon 150 loai thuc vat khac nhau, trong d6 co rat nhiéu
loai cay trdng, da duoc chuyén gen thanh cong. Nhitng thuc vét chuyén gen
va cac dién bién nbi bat cua cong nghé gen thuc vat duoc gidi thiéu & bang
1.1. Pé tao ra ciy bién d6i gen trong nhirng nim qua mot loat cac phuong
phép khac nhau da dugc thuc hién. Trong d6, ba phuong phap sau day dugc
sir dung phd bién (gidi thidu & cac muc tir 1.1.1 dén 1.1.3).

Bang 1.1. Dién bién néi bat ciia cong nghé gen thure vit.

Nam Nhirng phat trién quan trong

1980 - Lan dau tién chuyén DNA vi khuian vao thyc vét nho
Agrobacterium tumefaciens.

1983 - Marker chon loc, Ti-plasmid dugc loai bé cac gen khong can
thiét.

1984 - Bién nap vao té bao tran.

1985 | - Khang thudc diét co.

198 - Khang virus.

- Lan dau tién dua cay bién do6i gen ra dong rudng.

1987 - Khéang con trung.

- Bién nap phi sinh hoc.
1988 - biéu khién su chin & ca chua.
1989 - Khéang thé ¢ thuc vat bac cao.

1990 - Bién nap phi sinh hoc ¢ ngo.
- Tinh bét duc duc nhan tao.

1991 - Thay di thanh phan carbohydrate.
- Tao alkaloid tét hon.
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1992 | - Thay ddi acid béo

- Bién nap phi sinh hoc ¢ lua my.

- Lan dau tién phan giai plastic nhd cay bién dbi gen.

- Ca chua bién ddi gen FlavorSaver xuét hién trén thi truong.

1994 - Lan dau tién hon 10 gen duoc chuyén dong thoi vao thyc vat.

1998 | - Trén thé gidi c6 48, trong d6 My c6 35, loai thuc vat bién dbi
gen dugc thi truong hoa.

- Lua bién d6i gen voi gia tri dinh dudng tét hon.

- Cay bién ddi gen duoc trong trén dién tich hon 40 triéu ha.

1999 |- Cho dén nay khoang 9.000 thi nghiém vé cay bién doi gen
duogc dua ra dong ruéng (6 EU: 1.360).

Phuong phap chuyén gen dugc chon lya tuy thudc céc loai vector bién
nap duoc sir dung. C4c vector nay 1a cac plasmid da duoc thiét ké thich hop.

1.1.1. Chuyén gen nho vi khuan Agrobacterium tumefaciens

Muc dich ciia cong nghé gen thuc vat 13 tao ra nhing cdy bién doi gen
¢6 nhitng dic tinh moi. O day, DNA ngoai lai duoc dua vao té bao thuc vt
va ton tai bén vimng trong hé gen (genome). Cac vi khuan dat A. tumefaciens
va mot so loai ho hang cua chdng c6 kha ning chuyén mot phan nhé DNA
vao té bao thuc vat va qua d6 kich thich tao khdi u (callus). Nhing khéi u
nay 1a khong gian song cia vi khuan. Mot sé chat dinh dudng (opine) c6 loi
cho vi khuan ciing dugc tao ra trong nhitng khdi u nay. Nhimng opine phd
bién nhat 1 nopalin va octopin.

Vé hoa hoc opine 1a nhitng san pham ngung tu cia mot amino acid véi
mot cetoacid hoac mot amino acid v6i duong. Octopin dwge tao nén tir cac
amino acid 1a arginine va pyruvate, con nopalin dugc tao nén tir arginine va
a-cetoglutaraldehyd. Cong thirc cdu tao cua opine dugc trinh bay ¢ hinh 1.1.

A. tumefaciens da thyc hién “ky thuat gen” voi muc dich tao ra cay
bién d6i gen co loi cho né. Nhu viy, viéc khang dinh k¥ thuat gen 1a mot
qua trinh nhén tao 1 khong hoan toan dang. Kha ning chuyén DNA cia A.
tumefaciens duoc g dung trong cong nghé gen hién dai. Dé hiéu dugc qua
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trinh nay, diéu dau tién 1a cin lam rd sy twong tic sinh hoc giita
Agrobacterium véi thuce vat.
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Hinh 1.1. Céng thirc ciu tao ciia opine.

Viéc sir dung A. tumefaciens bat dau tir 1970, khi ngudi ta phat hién vi
khudn nay c6 kha ning tao nén khdi u ¢ cdy hai 14 mam bj thuong, duoc goi
1a khéi u ¢6 r& (Hinh 1.2). Trong nhitng nim 1970, cac nha khoa hoc di tim
thay trong cac chung A. tumefaciens tao khdi u c6 mot plasmid rat 1on kich
thuée khoang 200-800 kb. Tur nhiing thi nghiém trén nhiing ching A.
tumefaciens khong doc (khong co plasmid ndy), nguoi ta dd khang dinh
plasmid néi trén can thiét cho viéc tao khdi u. Vi vy, chung dugc goi 1a Ti-
plasmid (tumor inducing-plasmid).

2 um
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Hinh 1.2. Vi khuin Agrobacterium tumefaciens. a: Du6i kinh hién vi dién
tir. b: Khéi u & cay va tir khéi u nay xudt hién chdi mét cach tu nhién.

Ti-plasmid mang cac gen ma hoa cho protein phan giai opine, nhan
biét nhirng té bao thuc vat bi thuong, cit va van chuyén doan T-DNA
(transfer-DNA). T-DNA 13 mdt phan cta Ti-plasmid, dugc chuyén vao thuc
vat. Trén d6 dinh vi nhing gen tao khdi u va tong hop opine. T-DNA dugc
gi6i han boi hai vung, bo trai va bo phai (LB: left border va RB: right
border). Cac bo ndy gdm mot trinh tw ldp lai ctia 25 bp, 14 trinh ty nhan biét
cho viéc cit T-DNA. T-DNA dugc dua vao DNA trong nhan té bao thuc
vat. Vi tri gin vao thudng 1a ngdu nhién, tuy nhién thuong 13 nhitng ving c6
kha ning sao chép. Qua trinh lay nhiém duoc mo ta & hinh 1.3.
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Hinh 1.3. So’ d6 1ay nhiém ciia vi khuin Agrobacterium tumefaciens.

Trong opine ngudi ta phan biét hai loai octopin va nopalin. Mot sd
chung vi khudn A. tumefaciens chira Ti-plasmid cta loai octopin va mot sd
khéc 1a cta nopalin. Nhimg plasmid octopin chi ¢6 thé tao octopin va phan
giai chung, nhung khong tao va phan giai dugc nopalin.

Co6 su khac nhau gitra cac loai plasmid & Agrobacterium, d6 la Ti-
plasmid cua loai nopalin chi chira mét ban sao (copy) cua T-DNA, trong khi
plasmid octopin chtra dén ba ban sao. O hinh 1.4, trén doan T-DNA dinh vi
nhitng gen téng hop opine va tao khdi u. Khéi u duogce tao nén 1a do hai loai
phytohormone (auxin va cytokinin) dugc tao ra ¢ trong té bao thuc vat bj
nhiém, chiing kich thich sy phan chia té bao va tao nén mé khong phan hoa
(callus).

tms tmr  nos
I

__——-TDNA--——___

RB
noc

vir

tra

ori

Hinh 1.4.Ti-plasmid ciia Agrobacterium dang nopalin. T-DNA: Transfer-
DNA, LB: Bo trai. RB: B phai, ori: khai dau sao chép cua A.tumefaciens.
noc: Phan giai nopalin, nos: Tong hop nopalin. tmr: Téng hop cytokinin,
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tms: Tong hop auxin, tra: Van chuyén tiép hop, vir: Vang virulence (ving
déc tinh).

Diéu kién cho viéc chuyén T-DNA vao thuc vat truée hét 1a té bao bi
throng. Khi t& bao bi thuong chung tiét ra cic hop chéat phenol
(acetosyringone), chat co vai trd quan trong trong viéc nhan biét va gin két
vi khuan véi té bao thyc vat. Co ché nhan biét dwoc giai thich 1a nho tinh
ddc hiéu cua A. tumefaciens vé6i cdy hai 14 mam, ¢ cdy mot 14 mam thi phan
ung nay chi cO0 ¢ mot it loai. Vi vay, Agrobacterium chi dugc sir dung han
ché cho viéc bién nap gen ¢ cdy mot 14 mam. Khi bd sung syringone ngudi
ta co thé bién nap gen vao nim nho A. tumefaciens. Thyc vat mot 14 mam
quan trong nhu ngd ciing c6 thé duoc bién nap bang A. tumefaciens.

Khoi u xuét hién béi nhirng gen ciia A. tumefaciens

Sy phat trién khdi u sau khi nhiém A. tumefaciens dua trén tac dung
ctia hai phytohormone. Cac enzyme can thiét cho tong hop phytohormone
dugc ma hoa chi yéu tir nhitng gen trén T-DNA. Su tong hop auxin duoc
thyc hién boi hai gen la tmsl va tms2. Gen tmsl m& hoa tryptophan-2-
monooxygenase xtc tic cho su bién doi tryptophan thanh indol-3-aceamide.
San pham cua gen tms2 12 indol-3-acetamide-hydrogenase, xtic tac dé tao ra
auxin la indolylacetic acid (IAA). Ngoai ra, T-DNA con mang gen tmr ma
hoa cho enzyme isopentenyltransferase. Enzyme nay gin 5’-AMP vio chudi
bén isoprenoid dé tong hop nén tién cytokinin 1 isopentenyladenin va
isopentenyladenosin. Hydroxyl hoa tién cytokinin bang nhiing enzyme thuc
vat dé tao nén cytokinin. Auxin dugc tao nén cung véi cytokinin l1am cho
khéi u 16n 1én, nho kich thich su phan chia cua cac té bao khong phéan hoéa.
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Hinh 1.5. Ciu tao ciia indol-3-acetate (mgt loai auxin) va zeatin (mot
loai cytokinin).

A. tumefaciens nhan biét acetosyringone nhd mat chit nhan, dugc mi
héa bang mot gen & vang vir (virulence), ving vir bao gdm nhiéu gen. Su
nhén biét béng chit nhan dan dén su hoat hoa cua tat ca gen Vvir. Mot san
pham gen vir khac 13 mot endonuclease nhan biét bd phai va trai cia T-
DNA va cit T-DNA ¢ nhiing vi tri nay. Sau d6, mot protein gin vao soi don
ctia T-DNA va phirc hé ndy duoc chuyén vao thuc vat ciing nho tac dung
clia cac san pham gen vir (Hinh 1.6).
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Phirc hé T-DNA-Protein

Hinh 1.6. So' 0 biéu dién qua trinh di chuyén T-DNA ciia Ti-plasmid.
1: T-DNA véi bo phai va bo trai duge chén vao Ti-plasmid. 2: Sgi don dugc
cit ra nho protein duge ma hoa bai gen virD2. 3: Soi don ctia T-DNA duoc
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giai phong va két hop véi protein do virD2 va virE2 ma hoa, chd dut o soi
don thtr hai duoc tong hop bd sung. 4: Lip ddy chd tréng trong Ti-plasmid
(duong gach ndi dam). Soi T-DNA tu do dugc van chuyén vao té bao thuc
vat & dang phirc h¢ DNA-protein.

Qua trinh nay phuc tap nén khong thich hop cho viéc iing dung trong
cong ngh¢ gen vi c6 ba nguyén nhan sau:

- Do tao khdi u nén khong thé tai sinh dugc cdy hoan chinh va khoe
manh tir té bao bién nap gen.

- Su tong hop opine 12 khong mong mudn vi cay tiéu tén ning lugng
khong can thiét.

- DNA la (ngoai lai) khong thé dua vao Ti-plasmid ciing nhu T-DNA.
Nhitng plasmid co kich thudc > 200 kb 1a qua 16n, kho thao tac trong phong
thi nghiém.

Ngudi ta di thanh cong trong viéc sira d6i Ti-plasmid va T-DNA dé
cac phytohormone nay khong duoc tao nén. Trong nhimg budc tiép theo gen
tong hop opine dugc cét ra va dua vao nhitng gen chi thi (xem muc 1.2), vi
du: gen khang kanamycin. Ngay nay, ngudi ta sir dung hé thdng duoc goi 1a
vector hai ngudn (binary vector), & day chirc ning ctia Ti-plasmid duoc thyc
hién hai & plasmid.

Plasmid 16n mang vung vir va plasmid nho mang bo trai va phai ciua
T-DNA. DPay la nhiing ving ciia T-DNA duy nhat can thiét cho viéc van
chuyén gen vao thuc vat, plasmid nho 1a du cho van chuyén chinh xac tham
chi chi vé1 mot bo. Gilta bo phai va trai mot gen chon loc va nhiing gen la
duoc chén vao. So dd cu tao cia mot vector hai nguén duoc gioi thi¢u &
hinh 1.7. Uu diém cua vector ndy 1a cac thao tac chi thuc hién v6i plasmid
nho. Tat ca nhirng cong viéc tao dong, ca vi¢c dua DNA la, co thé thuc hién
trong nhitng té bao E. coli, con plasmid 16n d3 hoan thién va dugc chuyén
vao A. tumefaciens.

Qua trinh bién nap duoc thuc hién & nhitng mé thyc vét phu hop, vi
du: mo 14. Chang duoc U véi vi khuan A. tumefaciens, sau d6 vi khuan duoc
loai bé va mo tai sinh thanh cay hoan chinh.

Cay Arabidopsis thaliana da tr¢ thanh cdy mé hinh quan trong trong
nghién ctru di truyén thyc vat. Phuong phap bién nap duge mé ta 1a phuong
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