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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.

Cac tac gia



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.

|COOH COOH C|ZOOH COOH
HC— NH — lCH HC— NH — |CH
|CH2 lCHg |CH2 |CH2
|CH2 C|ZH2 |CH2
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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).

LB RB
LI | [ |
T-DNA
LB RB
LI | [ |
LI | | ‘_ - -
K
LB RB
LI | | <- r | [ |
LI | —-— s e NN N
< &b
virD2 6 VIrE2 O%’\_)
l virD2
LB RB
LI | [ |
[ | -_‘ ————————— ‘_ - .

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

Cong nghé gen trong néng nghiép 7



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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phap tham qua, & day khong chi 1a té bao hodc mé ma c6 thé cay hoan chinh
duoc sir dung. Cdy chua nd hoa dugc ngdm ting phan vao dung dich A.
tumefaciens. Sau d6, sang loc thé hé cdy con cua nhiing cay duoc bién nap
nay dé xac dinh cdy bién d6i gen. Di nhién, phuong phéap nay thich hop chi
v6i cdy rat nho co chu ky sdng ngin va c6 kha ning san sinh ra lugng hat
16m, vi hi€u qua cta phuong phap nay khong cao.

vir

Ti-plasmid
Khéng c6 T- DNA

T2 Gen P2 T1

Mod. T-DNA

s ~

E.c. ori
E. coli plasmid
véi T- DNA

Hinh 1.7. So @6 hé théng vector hai ngudén dé bién nap bang A.
tumefaciens. Cac gen tao khdi u va tong hop nopalin duoc loai ra, T-DNA
mang mot gen danh dau dé chon loc trong thuc vat (MG). Cac gen khac
duge chén vao. At ori: Khoi dau sao chép dé nhan 1én trong A. tumefaciens,
E.c. ori: Khoi ddu sao chép dé nhan 1én trong E. coli. Km®: gen khéng
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kanamycin dé chon loc trong E. coli va A. tumefaciens. P1, P2: Promoter,
T1, T2: Terminator, vir: Vung vir.

Y nghia cia nhitng gen vir & sy chuyén A. tumefaciens-T-DNA dugc
giai thich nhu sau:

Gen VirA mi hoa cho mot protein mang, 1a chit nhan hop chat phenol
& té bao cay bi thuong. Su nhan biét chét nay dan dén su hoat héa san phém
gen virG, dén luot noé lai kich thich su sao chép va su biéu hién cua tit ca
gen vir. Sy hoat héa cua protein thudc gen virG c6 thé do su van chuyén
nhitng nhom phosphate (phosphoryl hoa). Hai protein dugc ma hoda tur gen
virD2 va VirE2 quan trong dbi voi viéc chuyén T-DNA. Protein virD2 la
mot endonuclease, cat soi don dic hiéu ¢ bd phai va trai caa T-DNA,
Protein virE2 gin 1ap tirc vao soi don va ngan can su gan lai véi Ti-plasmid
(Hinh 1.7). Sau d6, bang co ché tong hop sira chira DNA, tir soi don con lai
trong Ti-plasmid xuat hién lai mot T-DNA hoan chinh. Ngoai ra, mot
protein virD2 gin vao dau 5> ciia T-DNA s¢i don da duoc cit ra bang lién
két dong hoa tri. Bang cach nay xuit hién mot phirc hé DNA-protein va
dugc chuyén vao té bao thuc vat. Qua trinh nay xay ra nhu thé nao van chua
biét hét moi chi tiét, nhung co thé 1a 11 protein dugc ma hoa tir gen VirB tao
nén mot 16 hong, qua 16 nay phic hé DNA-protein duge van chuyén vao
thue vat.

Khi dén té bao thuc vat phirc hé ndy di vao nhan té bao. Protein virD2
va virE2 chura trinh ty dinh vi nhan ddc hiéu cho phép phtic h¢ di qua mang
nhan va gin vao DNA thyc vat mot cach ngu nhién & nhiing chd giy trén
soi ciia DNA cua té bao thuc vat. Tuy nhién, vi tri tai td hop dugc quan sat
la dac hiéu, bao gdm nhiing trinh ty rat ngan 5-10 bp. Qua trinh két hop
dugc thyc hién nho cic enzyme thuc vat, co thé c6 su tham gia cla protein
virD2.

1.1.2. Chuyén gen bang phuong phap phi sinh hoc

Bién nap phi sinh hoc 1a mot phuong phap rat c6 trién vong & thuc
vat, dugc phat trién nam 1987 béi Sanford va cong tac vién, dac biét & cay
ngil cbe vi thuong khong thé bién nap dugc bang A. tumefaciens va su tai
sinh cay tir t bao tran gap kho khan. Dé vuot qua thanh té bao nguoi ta thiét
ké mot dung cu dé ban nhitng hat wolfram hodc vang mang DNA vao té
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bao. Hat nay nho dén ndi khi di vao té bao no khong gay hai kéo dai (Hinh
1.8). Uu diém cta phuong phap nay:

- Khéng can phai phan hiy thanh té bao bang enzyme.

- V& 1y thuyét moi té bao va mé déu c6 thé dugc bién nap.

- Khéng phirc tap nhu & su bién nap A. tumefaciens. Su so sanh hai
phuong phap trinh bay ¢ bang 1.2.

Hinh 1.8. Anh chup dwéi kinh hién vi dién tir cia hat vang (a) va
wolfram (b) trong cing ty 1¢ cho su bién nap phi sinh hoc.

Bang 1.2. So sanh bién nap bing A. tumefaciens va phi sinh hoc.

Bién nap nho A. tumefaciens vao | Bién nap phi sinh hoc vao callus
manh la

Cac manh 14 dugc nudi cy chung véi vi | Tao callus hodc phdi vo tinh, 8-12
khuén, 1-2 ngay tuan

Céc mau 14 phat trién Bién nap phi sinh hoc

X 1y khang sinh dé diét vi khuan va | Phat trién callus khong chon loc,

chon loc céc té bao thuc vat bién nap, 2- 4 ngay
4 tudn
l Callus phat trién trong diéu kién
Chuyén mau 14 1én moi truong tai sinh chon loc, 8-12 tuan
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va chon loc (tao callus va chéi), 6-10
tudn Tai sinh trong di€u kién chon lgc,
| 8-12 tuin
Mau 14 trén moi truong khdng co
phytohormone (tao ré), 4-6 tuan Cay bién d6i gen
Cay bién dbi gen

Vector sir dung cho bién nap phi sinh hoc don gian hon vector bién
nap bang A. tumefaciens (Hinh 1.9).

Smal

BamHlI

Amp

E. coli ori

Hinh 1.9. Vector sir dung cho bién nap phi sinh hoc. Trén co s& mot
vector cua E. coli, mot Makergen (khong trinh bay promoter va terminator)
dé chon loc thuc vat. Ngoai ra, con c6 mot vi tri tao dong gitta mQt promoter
va mot terminator dic hiéu cho thuc vat dé chén gen ngoai lai vao, AmpR:
gen khang ampicillin.

Phuong phap nay di thanh cong trong viéc dua 10 gen dong thoi vao
cac plasmid khéac nhau va cé thé duoc st dung cho bt cr loai sinh vat nao,
vi du vi khuan, nim, tao va dong vat.

Trong khi cac phuong phéap khéac chi phu hgp véi viée dua gen la vao
nhiém sic thé cta nhén thi bang phuong phap ndy ngudi ta co thé bién nap

Cong nghé gen trong néng nghiép 12




ca ty thé va lap thé (Bang 1.3). Nam 1988, da bién nap thanh cong ty thé cua
ndm men Saccharomyces cerevisiae va ty thé cua tao xanh Chlamydomonas.

Thiét bi du tién dé chuyén gen la siing bin gen. May hién dai sir dung
khi helium nén 1am dat dén van tdc ban tbi uu va thao tic an toan (Hinh
1.10). Téc do ban dat 1300 m/s (so sanh véi van tdc am thanh trong khong
khi 343 m/s). Ty 1¢ bién nap hodc hiéu qua ciia phuong phap phu thudc vao
nhiéu yéu td: luong DNA/hat vang hodac wolfram, tdc do hat, sb luong hat,

dd lon va loai t&¢ bao va mat do cua té bao hoac mo dugc su dung.

Bang 1.3. Mt s6 gen di dwoc chuyén vao ty thé ciia thue vt béc cao.

Gen bién nap Chirc nang

Gen 4-endotoxin cua Bacillus thuringensis Khéng cén trung

5-Enolpyruvylshikimate-3-phosphatsynthase | Khang glyphosate-(Round

B-Glucuronidase up)
Neomycin-phosphotransferase Gen chi thi (phan Ung tao
mau)

Khéng kanamycin

Nong sung

!

Dja nhwa mang cac vi dan
/ bang vang c6 boc DNA

__bia nhu{a dwoc chan
lai b&i tam lwoi

Lo ]
+++‘1‘-',1+

“:‘*:"r“i‘

Céc vidan bangvang * ++"
.

duwoc boc DNA +‘:+*,+

. .
., R
+ P

@ T4 bao dich ciia thuc vat

Hinh 1.10. So' db sting bin gen (gene gun, bombardment).
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Bién nap phi sinh hoc chi méi dat duogc su biéu hién tam thoi
(transient) cua cac gen ¢ hanh, dau tuong, lua va ngd. Sy biéu hién tam thoi
c6 nghia 1a gen bién nap ban dau hoat dong nhat thdi va sau d6 thi mat hodc
su biéu hién bi can trod boi sy methyl hda DNA sau phién ma. Chi mot s it
bién nap bén viing dugc mod ta va thuc té phuong phap nay c6 y nghia 16n
dbi véi cay ngii cde. Tuy nhién van con mot sé kho khan:

Hiéu qua cia phuong phap nay thap, chi khoang 0,05% dinh sinh
truong dau tuong tai sinh sau khi bién nap.

+

DNA bién nap khong phai luon ludn bén viing trong DNA ctia nhan té
bao nén thuong biéu hién tam thoi. Thuong chi mot sb it té bao cua md
dugc bién nap va vi vay khong phai liic nao ciing tai sinh duoc cay thay doi
gen dong nhat.

+ Phan 16n phai sir dung mo phan sinh dé bién nap, vi du phdi laa
hodc dung dich té bao ngd.

1.1.3. Chuyén gen bang té bao tran

Trur téao 1a sinh vat don bao, té bao thuc vat ton tai & dang mo. Sy g'fm
giilt cac té bao thuc hién qua carbohydrate cao phan tir 13 pectin. Chung tao
nén nhiing cai goi 1a 14 mong trung tim gan cac té bao 1an can lai v6i nhau.

Dé tao nén té bao tran tir nhitng md 14 trudc hét can phai phan giai
pectin nhd enzyme pectinase. Budc tiép theo thanh té bao, phan 16n gom
cellulose, phai duoc phan giai nho enzyme cellulase. Két qua xuat hién té
bao tron, khong co thanh (Hinh 1.11), dé bén vimng ching phai dugc giir
trong mot dung dich dong thim thau.
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Hinh 1.11. Té bao tran ciy thudc 1 dwéi kinh hién vi.

Vector duge st dung cho bién nap té bao trin gidng nhu vector cia
bién nap phi sinh hoc (Hinh 1.9). DNA duoc bién nap vio té bao tran c6 thé
thuc hién bang hai cach:

+ Thu nhat, str dung chit polyethyleneglycol, khi c6 mit chat nay cac
té bao tran hoa 1an vao voi nhau va qua d6 cac phan tir DNA duoc tiép nhan.

+ Tht hai, sy bién nap dugc thuc hién bang sdc dién, goi 1a xung dién.
Sbc dién dan dén sy khong phan cuc ngin cia mang té bao trdn, qua d6
DNA dugc tiép nhan. DNA di vao nhan va két hop hoan toan ngau nhién
vao mot vi tri bat ky vao DNA nhan cua thuc vat.

Vé nguyén tic bat ky thuc vat nao ciing ¢ thé dugc bién nap bang cac
phuong phap trén. Tuy nhién viéc tai sinh cay hoan chinh thuong 1a kho
khan, vi vay viéc str dung bién nap bang té bao tran bi han ché.

1.2. Hé théng chon loc va chi thi

NGi chung, & tat ca cac hé thong bién nap ty 1& cay tiép nhan DNA bén
vitng 1a rat thap. Vi vay, nguoi ta phai c6 phuong phap dé phan biét mot sb
rat it cdy bién nap tir mot luong 16n cay khong bién nap. Pé xac dinh nhiing
cdy duoc bién nap ngudi ta sir dung hé thdng gen chon loc. Pic biét wa
thich 1a hé théng chon loc trdi, co nghia 14 chi nhitng cdy bién d6i gen co thé
tai sinh va phat trién. Nguoc lai, & mot hé théng chi thi don gian nhu hé
thong chi thi GUS, thi ca nhiing cay khong bién nap ciing tai sinh. Di nhién
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phuong phap nay khong hiéu qua, vi ludn ludn chi c6 mot phan nho té bao
thuc vat duoc bién nap. Mot uu diém tht hai quan trong hon la thao tac cua
hé théng chon loc don gian dé c6 thé phan tich nhanh mét s luong cay 16n.

Trong nhiéu trudng hop ngudi ta sir dung khang sinh kanamycin cho
chon loc troi. Tuy nhién, & ndng d6 cao nd doc dbi v6i phan 16n thue vat.
Dién hinh cho khang sinh nhém ndy 1 mdt aminoalcohol gin véi gbc
duong chita nhom amine (Hinh 1.12). Bén canh kanamycin thu dugc tir
Streptomyces kanamyceticus con c6 gentamycin (tr Micromonospora
purpurea), neomycin (tur Streptomyces fradiae) va streptomycin (tu
Streptomyces griseus) cling thuc nhom nay.

Nguoi ta su dung cac gen khang khac, vi du gen neomycin-
phosphotransferase (nptll) ma hoa cho phosphotransferase, san phdm gen
l1am bét hoat khang sinh aminoglycosid (vi du: kanamycin) do gin thém
nhom phosphate (phosphoryl ho6a). Gen m& hdéa cho neomycin-
phosphotransferase c6 ngudn gdc tir vi khuan va thudng khong co trong
thuc vat. Vi nhitng promoter va terminator twong (mg, gen nay c6 thé dugc
st dung trong thuc vat.

NH>
CH:

OH

HO
HO

HO NH;
CH:O0 ¢

0] NH>
OH

HO
NH, HO

Hinh 1.12. Cong thirc ciu tao ciia kanamycin.

Bén canh gen khang kanamycin cling c6 mot loat cac hé théng chon
loc khac dugc st dung va gidi thiéu ¢ bang 1.3. Cac gen khang troi, ngoai
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neomycin phosphotransferase, con c¢d hygromycin B phospho-transferase va
3-enolpyruvyl shikimate 5-phosphatsynthetase (EPSP-synthetase).

Ngoai cac gen chon loc, cOn Cac gen chi thi (reporter gene) ciing dugc
su dung dé chon loc thé bién nap. Gen chi thi khong chon loc trdi, nhung
san pham gen dugc chimg minh d& dang bing phuong phap hoa sinh, hoa
hoc md, kinh hién vi hodc quang ké. Vi du: nguoi ta co thé ching minh
chtrc ning cua promoter dic hiéu mé ciing nhu su bién nap cua nhing loai
té bao nhét dinh hodc dé kiém tra mot gen xac dinh c6 hoat dong hay khong.
Trong thuc vat bic cao duoc sit dung nhiéu nhit 1a B-D-glucuronidase,
luciferase va moi day la green fluorescent protein (GFP). Vi¢c xac nhan
duoc thuc hién nho su bién ddi ctia mot chit dic hiéu (glucuronid hodc
luciferin, hinh 1.13) va sy phat hién ra san pham xtc tac hodc quang tir
trong truong hop luciferse. Nguoc lai & GTP-protein c¢6 thé chimg minh
dugc bang kinh hién vi huynh quang cua protein sau khi kich thich véi anh
sang co do dai bude song phu hop. O phuong phap nay khong can mot co
chét dic hiéu.

Bang 1.4. Hé thong gen chon loc va chi thi cho thye vit.

Chon loc Xac nhan
Hoat tinh enzyme ) )

tinh troi don gian
3-Enolpyruvylshikimate-5- Co Khdng
phosphatsynthase Co Khoéng
Acetollactatsynthase Khéng Co
Luciferase cta vi khuan Co Khéng
Bromxynilnitrilase Co Co
Chloramphenicol-acetyltransferase Co Co
Dihydro-folatreductase (Tetrahydrofolate-
dehydrogenase) Cco Cco
Gentamycin-acetyltransferase Khong Cco
Green fluorescent protein Cco Cco
Hygromycin-phosphotransferase Cco co
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Luciferase ciia c¢on tring chiéu sang Co Co
Neomycin-phosphotransferase

(Kanamycinkinase) Khong Co
Nopalinsynthase Khoéng Co
Octopinsynthase Co Co
Phosphinothricin-acetyltransferase Khong Co
B-D-glucuronidase Céb Co
Streptomycin-phosphotransferase Co Co
Threonindehydratase

a Anh sang (562 nm)

Con dom dém -

Luciferase
O, + Luciferin /\i Oxyluciferin + CO,
ATP AMP + PP;
b
Cl

COOH Br
HO Q / Chét mau Indi

OH at mau Indigo

N
H
HO
B-Glucuronidase

COOH OH ClI cl

. (0]
S oxy hoa trong Cl ?
HO QO OH Br A P Br |
khéng khi Br
- T O
N N N
HO H H H
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Hinh 1.13. Xac nhén sy biéu hién gen chi thi. a: Xac nhan sy biéu hién
cua luciferase, co chét 13 luciferin, phan tmg nay phu thudc vao ATP. Anh
sang tao nén tir phan tng dugc dinh lwong biang may. b: Xac nhan su biéu
hién cua B-D-glucuronidase, co chit nhan tao 1a 5-bromo-4-chlor-3-indoyl-
B-glucuronid (X-GlcA), chat nay duoc thay phan nhd glucuronidase. Bing
su oxy hoa xuit hién mét chit indigo mau xanh. Nguoi ta c6 thé st dung
cac chat khac thay thé X-Glc, ma san pham thuy phan 1a chat mau phat
quang.

1.3. T4i sinh cdy hoan chinh

So sanh v&i sinh vt don bao nhu vi khudn, nAm men hodc tao thi su
bién nap vao thuc vat bac cao kho khin hon, vi khong chi phai dwa DNA
vao trong t& bao ma con phai tai sinh cdy hoan chinh tir mot té bao hodc mo
phan 1ap. Piéu nay thuc hién duoc vi phan 16n té bao thuc vat c6 tinh toan
nang va mdi té bao c6 thé tai sinh thanh cdy hoan chinh (Hinh 1.14). Khéc
v6oi dong vat, thuc vat co thé tai sinh tir t& bao soma binh thuong va tir do
thu dugc truc tiép hat bién doi gen. Tuy nhién, khong phai tat ca cac loai té
bao va mo déu phu hop cho muc dich ndy. Vi vdy, ¢ thuc vat phai tha
nghiém nhiéu dé tim ra nguyén liéu sir dung ban dau phu hop. Diéu quan
trong 14 tim ra moi trudng phu hop dé kich thich té bao phéan chia. Bén canh
nhirng chét khoang vo co, can ca nhirng chat hitu co khac nhau, dic biét
duong 1a ngudn carbon va ning lugng, va cic chat didu hoa sinh truong.
Auxin va cytokinin c6 ¥ nghia 16n trong nudi cdy méo va té bao. Poi khi
amino acid hoac nudc dua cling dugc st dung. Cling nhu ¢ trong cay tac
dung ciia phytohormone phirc tap va chirc ning rat dac hiéu. Tuy nhién co
thé noi réng, lugng cytokinin cao kich thich sy tao choi, néng d0 auxin cao,
phu thudc v6i ham lugng cytokinin, kich thich tao callus hodc ré. Callus la
mot khéi t& bao khong mau, co kich thude 10n, khong phan hoa va chira
khong bao. Khi bd sung cytokinin vao méi trudng nudi cay callus thi su
phat trién chdi va r& duoc kich thich trd lai. Piéu kién chinh xac cho s tai
sinh thanh cong phai dugc thir nghiém cho timg loai cy. Vi du: dé tao
callus va chdi tir manh 14 thudc 14 thi can b sung 0,2 mg/l o-NAA va 1,0
mg/l BAP (Hinh 1.14).

Tir té bao tran co thé tai sinh cAy hoan chinh, néu thanh cong & budc
tao thanh té bao va phan chia té bao. Tuy nhién, & nhiéu thuc vat qué trinh
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tai sinh nay rat khé khan. Di nhién, & cay tai sinh c6 sy bién ddi 16n vé kiéu
hinh va nguyén nhan 1a do sy bét thudng ¢ phan bao nguyén nhiém va dot
bién, duoc goi la bién di soma.

Nhu d3 néu khong phai tat ca thuc vt duogc tai sinh dé& dang tir té bao
tran, t& bao hodc mo. Nhirng l0ai dai dién cua ho ca, cdy cai cay, cam, tdo va
ca rot tai sinh dé dang. O nhiing thuc vat khac rat hiém hodc chi thanh c6ng
v6i mot s gidng nhat dinh (nhu ca cai dudng). Dic biét kho khin 13 cac cay
ngi cde. Trong thyc té céc thi nghiém bién nap, su tai sinh va sy chon loc
thuong duoc tién hanh dong thoi.

1.4. X4ac nhan sy thay doi gen

Thuc té 1a mot cay sau khi bién nap sinh trudng trén moi trudng chon
loc thi chua da co sé dé noéi 1a mot bién nap thanh cong, vi ¢ thé 1a tinh
khéng xuét hién ty nhién do mot dot bién trong vat chét di truyén cua thuc
vat. Hon nira ty 1€ bién nap thép, nam trong do 16n cua dot bién tu nhién véi
tn suat 10° dén 102, Vi vay phai thuc hién cic thi nghiém bo sung, nhu
Southern blot hodc PCR va céc thi nghiém khac dé chimg minh san pham
cua gen.

o Phat trién ré
»

Mbi tredng khdng
chra hormone

Phat trién

chdi
Mai trwong dac .
chtra cytokinin Latcat -
Callus | ngang la
nhiéu té < &
bao g ] .
T Moi truong dac ~ Manhla xgclt?/nzzgg
chtlra auxin p

s ¢ SR

nhiéu t&

bao Céc té bao

’ \ Chuyén sang (23 riéng ré

Té bao dung dich léng X Iy bang
phan chia ' <— -«— @ cellulose
lan thr nhat  _ | N

Tai sinh thanh

té bao Té bao tran
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Hinh 1.14. So' @6 biéu dién tao té bao trin va tai sinh cAy hoan chinh.

Nhitng sinh vat bién ddi gen duoc chimg minh bang viéc phan tich
thanh phan cac chat dugc thay ddi, dic biét 13 nhitng dic tinh (vi du: khang
mot tic nhan gay bénh nao do), nhiing protein thay ddi, xuat hién protein
méi va béng viéc x4c dinh DNA la dugc bién nap.

Pé chimg minh DNA duoc bién nap vao thuc vat phuong phap
Southern va PCR dugc sir dung vi hai phuong phap nay rat nhay cam. O qua
trinh tao cdy bién doi gen, timg budc can phai ching minh, rang t& bao va
thuc vat nay dugc bién nap. Phan tng lai Southern blot dwogc wa thich, vi nd
it nhay cam voi su 1an tap ctia DNA khac va déng thoi nguoi ta nhén dugc
thong tin vé sd lugng copy, nghia 1a s6 lugng phan tir DNA ngoai lai duoc
gin vao hé gen. Pé thuc hién phuong phap nay chi can vai ug DNA (1 pg =
1/1000 mg), ma ngudi ta d& dang tach ra tir mot 14 cdy duy nhat. Mot vi du
ching minh cho DNA bién nap dua ra ¢ hinh 1.15.

1234 567

"

Hinh 1.15. Phéng xa tw ghi két qua lai Southern. Sinh vat bién doi gen
duoc cit béng mot enzyme gidi han Xhol va cac dgan DNA dugc tach ra
béng dién di. Sau d6 thuc hién Southern blot va lai vdi mau do 1a DNA danh
dau phong xa. Cac duong 1, 3 va 5: cac nguyén liéu khong bién nap.
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Mau ¢ cic giéng 2, 4, 6 va 7: thé hién c4c sinh vat bién ddi gen, Vi & day
xuat hién tin hiéu lai rd rét.

Khi ¢6 nhidu mau khéac nhau va c6 mét luong rat it DNA, tham chi
DNA tir nhitng thyc phdm duoc bién doi gen nhu chip khoai tiy dugc phan
1ap, thi khuéch dai PCR 1a phuong phap duoc lya chon. Phuong phap nay
dac biét phu hop cho muc dich kiém tra va x4c dinh nhiing thay d6i gen &
cay trong va thuc pham.

Su chimg minh DNA trong san phim cdy trong thanh c6ng hay khong,
phu thudc vao phuong phép st dung. Vi du: ¢ thé xac dinh DNA trong san
pham khoai tdy dong lanh, nhung & trong dau dau tuong thi hau nhu khong
c6 DNA.

- 828 bp

- 226 bp

R

Amp bar 35Sbar crylAA. M T DBCSM

Hinh 1.16. Xac nhén thay d6i gen & ngd bién doi gen. Agarose gel véi cac
doan DNA dugc phan tach sau khi thuc hién phan tng PCR. Nam cap
primer dugc st dung (Amp": gen khang ampicillin, bar: khang thubc diét co,
35S bar: promoter va khang thudc diét co, crylA: gen tao doc tb & Bt. ivrl:
gen ma hoa invertase ¢ ngd). M: DNA tir ng6 binh thuong, T: DNA tr ngd
bién ddi gen. Bén phai 13 marker chuan (SM) dé xéac dinh kich thudc cia cac
doan PCR.
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Mot vi du vé sir dung PCR dé xac dinh cdy bién ddi gen trong minh
hoa & hinh 1.16. Tir thi nghiém trén c6 thé rit ra nhitng két luan sau:

+ Dbi chung (khong bién nap gen) khong co biang DNA. Cé nghia 1a
thi nghiém dugc thuc hién chinh xéc.

+ Gen ma hoa cho invertase (ivrl) c6 trong tit ca cic gidng ngd tu
nhién vi thé c6 thé tim thiy ca trong ngd khong bién ddi gen (M) 1an ngd
bién d6i gen (T) nho cdp primer dic hiéu caa gen ivrl. Piéu dé ¢ nghia la
DNA d4 ton tai ¢ ca hai loai ngo.

+ Vi sy tham gia cua 4 cap primer (oligonucleotide) khac ching da
khuéch dai nhitng doan khac nhau cta vector, mgt doan DNA dugc tao ra
chi & ngd bién doi gen (chi co T). Pidu d6 c6 nghia 13 ciap nucleotide dic
hiéu v&i DNA bién nap va qua dé cho phép xac dinh chic chian gidng ngd
bién ddi gen.

NOi chung, phan ung lai DNA va khuéch dai PCR doi hoi phai co
nhitng thong tin nhét dinh vé DNA dugc bién nap, vi thé can ¢ nhitng mau
do hodc nhiing nucleotide déc hi¢u.

Mot phuong phap khac 1a su biéu hién cua gen chi thi, san phém cua
n6 dé dang duoc chimg minh. Tuy nhién, phuong phap nay thuong duoc sir
dung cho muyc dich nghién ctru. O day, ngudi ta sir dung vector biéu hién -
D-glucuronidase, hoat dong ctia né dwoc chimg minh dé dang bang su tao
nén mot chat indigo mau xanh (Hinh 1.13).

Su xac nhan di truyén cua gen bién nap ¢ cac thé hé sau dugc nhiéu
nha khoa hoc quan tdm nghién ctru, tuy nhién van dé nay ciing gip nhiéu
khé khan nhat 1a ddi v6i cac dugc chuyén gen c6 vong doi dai (cay lau
nam). Mic du vAy yéu cau nay la can thiét, vi & thé hé sau cua cay bién nap
c6 thé xdy ra sy bat hoat gen bién nap.

Ciing c6 cac phuong phap chirng minh sy ¢ mat cua protein dac hi¢u
trong cay bién ddi gen. Pdi voi dau twong bién ddi gen cong ty Strategic
Diagnostic Inc hop tac voi cong ty Monsanto san xuat ra bot hoa chat chuan
GMO Soya Test Kit™: voi khang thé dic hiéu, protein EPSP-synthetase
duogc chimg minh 1a c6 mat trong déu tuong bién doi gen.

1.5. Biéu hién ciia DNA ngoai lai
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Thyce vat bac cao c6 ba co quan (18, chdi va 14) va mot s6 mo dic hiéu
nhu mé bao vé (vi du biéu bi), mé duy tri (vi du mé phan sinh) hodc mé day
(collenchym). Ngoai ra con c6 hon mot tram loai té bao khac nhau. Mot gen
la 6 thé biéu hién trong tat ca té bao (DNA la bién nap vao nhiéu vi tri khac
nhau trong h¢ gen) hodc chi trong mot sb loai té bao hodc md nhét dinh. O
day, nguoi ta st dung nhiing trinh ty khoi dong phién ma duoc goi la
promoter. Mdi mét gen duoc mot promoter diéu khién sy biéu hién cua gen.
Trong khi mot s promoter hoat dong trong phan 16n cac t& bao, mot sb
khac c6 tinh chuy@n héa rat cao dbi voi nhimg loai té bao nhat dinh (Bang
1.4).

Trong té bao ¢6 nhiéu co quan nhu nhén, ty thé, lap thé... Nhd nhiing
promoter thich hgp ma gen bién nap biéu hién & vi tri chinh xac nhu mong
mudn.

Ngoai ra, su biéu hién antisense ciing dugc dé cap, voi phuong phap
nay su biéu hién cia ting gen riéng 1& co thé bi trc ché.

Bang 1.5. Mt s6 promoter dic hiéu cho mé va té bao thue vat.

Loai té bao hodc mo Promoter/tén gen Thuc vat
Phloem & 14 va ré Asusl Arabidopsis
Hoa va dau ré CHSI15 Pau
M® phan sinh Cyc07 Arabidopsis
Té bao kém cta khi khong DPoan 0,3 kp cua Khoai tay
Phloem AGPase Lia
Hat phan Doan cia RTBV Thubc 12
Giao tir duc PLAT4912 Luoa my
Té bao tapetum Puroindolin-b Thubc 14

TA29

1.5.1. Bi€u hién gen ngoai lai & nhiéu vi tri

Trong thyc t& phan 16n promoter 35S tir virus kham hoa sup-lo
(cauliflower mosaic virus, viét tit CaMV 35S) duoc str dung cho su biéu
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hién cua gen bién nap trong tit ca cac loai mo va té bao. Promoter co ngudn
gbc virus nén c6 hiéu qua phién ma gen sau khoi dong. Promoter CaMV
35S dac biét phu hop cho su biéu hién cua gen danh diu va gen chi thi hoac
tao nén cdy khang thudc diét co. Tuy nhién, dé nghién ctru chtc ning trao
ddi chat cua thyc vat thi promoter ndy khong phu hop, vi su thay déi duong
huéng trao doi chat nhét dinh doi hoi sy biéu hién gen & té bao hoic mé dic
higu.

1.5.2. Biéu hién gen & té bao hodc mo dic hi¢u

Trong thuc vat nhiéu qué trinh trao ddi chat chi xdy ra & mot vi tri
nhit dinh, nén viéc van chuyén cac chit giita co quan sir dung va co quan
san xudt 1 can thiét. San pham quang hop duoc tao ra phan 16n & 14 xanh
(ngudn) va phai dugc van chuyén qua phloem ciia bé mach dén cac co quan
str dung nhu hoa va ré (dich). Vi du nay lam 13 sy can thiét cho sy biéu hién
ctia gen bién nap. Trong nhitng nim qua, nhiéu promoter duoc phat hién dé
tang cuong su biéu hién cua gen. Nhiing gen bién nap duoc biéu hién dic
hiéu & cu khoai tay, trong 14 hodc tham chi trong nhiing té bao riéng 1& nhu
hat phan.

Cac promoter dic hiéu dugc xac dinh qua thuc nghiém bang cach
phan 13p cac phéan tir RNA chi ton tai ¢ trong mé mong mudn. Tiép theo 1a
cac gen va promoter dugc xac dinh. Tinh dac hiéu ciia mdt promoter dugc
kiém tra bang cac gen chi thi. O day promoter duoc tao dong trude gen chi
thi va duoc bién nap vao thuc vat, sau do vi tri biéu hién cua gen da dugc
ching minh, vi du hinh 1.17.

Chic chéan trong nhitng nam téi nhiéu promoter ddc hiéu khac s& dugc
xac dinh b?lng nhitng du &n xac dinh trinh ty genome, nhu vay trong thoi
gian khong xa nhitng promoter dic hiéu s& duoc str dung cho tat ca cac loai
té bao va loai mé.
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Hinh 1.17. Xac dinh sw biéu hién gen nho gen chi thi. Su biéu hién cia p-
glucuronidase (vung tdi) dudi su diéu khién ctia mot promoter twong tng
chi thé hién & ving 14 bi thuong.

1.5.3. Biéu hién antisense

Nam 1988, lan dau tién ngudi ta nhan thdy ¢ thuc vat mot sic td cia
hoa da bi trc ché do sy biéu hién ctia mot RNA antisense. Phuong phap nay
c6 gia tri 10n khong nhitng ddi voi nghién ctru co ban ma con ddi voi Gng
dung.

—J Antisense -Gen |g=— @] [ipmmnm n’>

— A a2 s
ﬁ Phéan gidi nh& RNase

qur:rnqrrwmmnmmr?
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Hinh 1.18. Anh hwéng ciia antisense-RNA. O giita 1 phan tir DNA, lam
khuén miu dé tong hop mRNA. O phan dudi 1a sy biéu hién gen binh
thuong. mRNA gén vao ribosome va su dich ma duogc thuc hién tao nén mot
polypeptide. Phan trén ciia so do xdy ra ¢ thuc vat bién ddi gen, mot gen
duoc bién nap dé tao nén mot antisense-RNA (mau xanh), né co thé két hop
v&i mRNA ndi sinh, 1am xuét hién mot phéan tir RNA mach kép. Phan tr nay
duogc phan giai nho mdt enzyme dac biét. P: promoter, T: terminator.

Phuong phap antisense (Hinh 1.18) dya trén sy biéu hién cta phan tir
RNA, bb sung voi san pham phién ma ctia mot gen, 1am cho mRNA bat
hoat va khong thé dich ma cho protein. Tir mét RNA bo sung chiing c6 thé
tao nén mach kép. Mach kép RNA dugc phan gii rat hiéu qua béng mot sd
enzyme xac dinh twong ty RNase H cua retrovirus, qua d6 su phién ma va
téng hop protein bi dinh tré. Khi RNA tong hop ton tai v6i mot lwong 16n
hon san pham phién ma binh thuong thi sy biéu hién clia gen nay bi giam rat
manh hodc dinh chi hoan toan. Mot ing dung ndi tiéng cta phuong phap
antisense la tao ra ca chua FlavrSaver.

Trong linh vuc st dung thuc vat bién d6i gen lam thuc pham thi phuong
phap antisense c6 mot wru diém 16n vé sy an toan, vi khong c6 protein ngoai
lai dugc tao ra trong té bao ma chi c6 mot phan tr RNA nho. Diéu nay hoan
toan tin tudng, vi con nguodi hing ngay tiép nhan mot lugng rat 1on RNA
khong c6 hai cing vé6i thyc pham.

1.5.4. Sy bén viing ctia cdy chuyén gen

Pé tao nén nhiing dong thuc vat bién ddi gen thi sy biéu hién bén
viing cta gen bién nap va sy truyén lai cho thé hé sau ¢6 y nghia 16n. Diéu
nay noi lén rang, do bén viing clia mot gen bién nap va sy biéu hién cta n6
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khong phai luén luén chic chin ma né c6 thé thay ddi, vi thuc vat ¢6 co ché
1am bt hoat nhitng DNA ngoai lai.

Gan day mot s6 co ché bat hoat gen bién nap da dugc xéac dinh va sé
dugc dé cap dudi day vi nd y nghia 16n ddi voi viée tao ra thuc vat bién nap
gen bén viing.

1.5.5. Su bat hoat do methyl hda

Thudng sy bat hoat gen bién nap do sy methyl héa xay ra manh mé,
gay ra do sy tdn tai nhiéu ban sao ctia mot gen hodc allele. Pac biét sy tdn
tai nhidu ban sao ciia mot gen la gan nhau (sy sap xép nhiéu phan tir vector
ké tiép nhau trong h¢ gen ciia mot cay bién nap gen hodc nhiéu ban sao cua
gen bién nap) tao nén qua trinh nay.

Nguoi ta cho rr:ing su bét hoat cua gen bién nap lap lai nhu 1a mét co
ché bao vé chdng lai nhitng nhan t6 gen di dong nhu transposone (gen
nhay). Transposone c6 s luong ban sao 16n va c6 thé giy ra nhitng dot bién
trong hé gen. Pic biét khi nghién ciru di truyén phan tir & nam, phan lén
nhing transposone c6 trong ndm Ascobolus immersus ¢ dang methyl hoa va
do vay ma bat hoat.

Nhiing gen bién nap lap lai dang chum thuong gip khi bién nap té bao
tran va bién nap phi sinh hoc, nguoc lai rat hiém khi xay ra & bién nap bang
Agrobacterium tumefaciens. Diéu nay tao cac co ché khac nhau cua sy bién
nap DNA vao h¢ gen thyc vat.

Sy methyl héa DNA lap lai xay ra ¢ nguyén to tha 5 cua vong
cytosine va thuong & trinh ty base CG hodc CNG, ¢ day C va G la cytosine
va guanine, N 1a ky hiéu cho mot trong bon base. Nhimng trinh tu duoc
methyl hda hoic 1a khong duoc phién ma hoic hiém khi duoc phién ma, do
d6 su biéu hién cta gen bi giam hodc hoan toan bi trc ché.

Nhiéu ban sao cua gen nam thanh chum & mot vi tri duoc goi la sy bat
hoat cis. Bén canh d6 c6 su bat hoat trans, & day mot phan tor DNA bét hoat
nam xa mot phan tir khac, anh huong 4m tinh dén sy biéu hién gen.

1.5.6. Pong tic ché
Sy bat hoat gen dugc bién nap khong phai luén ludn 14 do su methyl
héa DNA. Su bat hoat con do su déng {rc ché xdy ra sau khi phién ma, vi du
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qua trinh sdp xép lai sau phién ma. Biéu hién cua sy dong trc ché 1a sy giam
luong RNA ciia gen phién ma tir 20-50 1an. Nhiéu thi nghiém da chi ra, &
day khong phai 1a do hoat dong phién ma bi giam xudng ma la sy ting
cuong phan giai RNA.

Giai thich diéu nay ngudi ta cho rang do mot RNA-polymerase phu
thudc RNA sao chép it RNA, s luong ndy nim trén mot gia tri giéi han.
CA4c ban sao RNA nay sau d6 két hop voi san phidm phién mi nhu RNA
antisense, tao nén mot RNA mach kép, bi phan gidi nhanh boi enzyme
tuong Ung.

Co ché ddng trc ché da can tro viée tao nén cdy bién doi gen, nhung
n6 cling c6 y nghia trong viéc tao nén nhiing cay bién d6i gen khang virus.

Tém lai. Dé bién nap gen vao thuc vat bac cao ¢ ba phuong phap
dugc str dung 1 bién nap bang Agrobacterium, ban gen va té bao tran. Chon
loc va tai sinh 13 nhitng yéu t& quyét dinh dé thu duoc nhiing cdy bién nap
hoan chinh. X4c nhan sy bién d6i gen cta thé hé tai sinh tir vat liéu bién ddi
gen duoc thuc hién bﬁng k¥ thuat Southern, PCR hodc str dung cac gen chi
thi. Do su ciu tao phuc tap cua té bao va mé thuc vat nén phéi c6 nhiing
trinh ty promoter dé ting cudng sy biéu hién ciia mot gen la & dang vi tri
mong mudn. Vi co ché RNA antisense sy biéu hién ctia gen c6 thé bi giam
hodc hodc bi trc ché hoan toan. Trong thuc vat bién d6i gen, DNA la khong
phai ludn ludn biéu hién vi chung bi bat hoat do sy methyl hoa va co ché
ddng tc ché.

Cau hoi 7 o
1. Cac phuong phap chuyén gen dugc dung pho bién hién nay? Uu va
nhugc diém cua cac phuong phap do? 7 7
2. Hg¢ thong gen chon loc va chi thi dugc st dung dé chuyén gen vao
thuc vat? 7
Cac phuong phap xac nhan sy c6 mat cua san pham gen?
Promoter la gi? Chlrc ndng ctia promoter trong sy bi€u hién ctia gen
ngoai lai, cho vi du? i
5. Nhitng co ché lam bat hoat cac gen ngoai lai trong thuc vat chuyén
gen?

Hw
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Chuong 2
Nhirng dac tinh méi ctia cay chuyén gen

Trong hon thap ky qua, nho thanh tyu to lon cua cong nghé gen,
ngudi ta dd chuyén thanh cong nhitng gen phan lap tir sinh vat nay vao
nhirng sinh vat khic dé tao ra co thé bién d6i gen mang cac dic tinh mong
mudn. San pham bién ddi gen dang dem lai nhimng loi nhuan kinh té khong
16 cho nhiéu qubc gia. O My, hién nay c6 t6i 1.300 cong ty Cong nghé sinh
hoc véi doanh thu hang nim dat khoang 12,7 ty d6 la. Trong sb cic san
pham tao ra (c6 lién quan dén bién d6i gen), san pham y dugc chiém t&i
75%, trong khi san phdm ndng nghiép chi chiém 3%. Tuy nhién, su dau tu
mo rong quy mod nghién ctru va khai thac san pham nong nghiép bién d6i
gen ngay cang tang.

Nim 1996, toan thé gidi chi co 1,7 triéu ha trong cdy bién doi gen,
nhung dén nam 2004 dién tich cdy trong bién doi gen toan cau ting 1én gan
48 1an, dat t&i 81 triéu ha, trong d6 hon 1/3 di¢n tich nay 1a ¢ cac nudc dang
phat trién. Hién nay, c6 khoang 20 qudc gia san xuat ciy trong bién d6i gen
v6i dién tich tir 50.000 ha tro 1én. My 1 quéc gia hang dau trong cay bién
d6i gen véi dién tich trong ndm 2004 13 47,6 triéu ha (chiém 59%). Tiép dén
la Argentina: 16,2 tri¢u ha (20%), Canada: 5,4 tri¢u ha (6,7), Brazil: 5 tri¢u
ha (6%), Trung Qudc: 3,7 triéu ha (4,6%). O chau A, cay trong bién doi gen
cha yéu 13 bong, duge trong nhiéu & Trung Qudc, An P9, Philippines va
Indonesia.

Cé 4 loai cay tré)ng bién d6i gen dugc thuong mai héa manh nhat. D6
1a: dau tuong khang thude diét co dat dén dién tich 48,4 triéu ha (chiém 60%
tong dién tich cay trong bién doi gen nam 2004), ngd khang thube diét co va
khéng sau dat dién tich 19,3 tri¢u ha (chiém 24%), bong khang thudc diét co
va khang sau dat dién tich 9 triéu ha (chiém 11%) va cai dau khang thudc
diét co dat dién tich 4.3 triéu ha (chiém 5%). Néu so sanh dién tich trong
cdy bién doi gen véi tong dién tich cdy trong cing loai & quy mo toan cau
thi dau tuong bién ddi gen chiém 56%, bong bién doi gen chiém 28%, cai
dau bién d6i gen chiém 19% va ngd bién d6i gen chiém 14%. Ngoai 4 loai
cdy trong bién d6i gen chinh da dugc thuong mai hda rong rii noéi trén, con
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c6 hang loat cac cay trong bién doi gen khac nhu khang nam, khang virus,
chin cham... cling da va dang dugc pho bién.

Khang ndm __ |
4% Pac tinh

néng hoc 4%

Khang thubc o
diét cd 28,9% Khang virus

10,1%

Khang con
trung 24,3%
Khéac 7,2%

Chét lwong
san pham
21,4%

Hinh 2.1. Ty 18 (%) ciia cac loai cAy bién ddi gen dwoc dwa vio sin xuit.

Thuc vat bién ddi gen da mang lai nhitng dac tinh tdt cho cay tréng.
Chuong nay d& cap dén nhimg bién ddi gen o thyc vat. Cho dén nay gen
dugc chuyén vao thuc vat nhiéu nhat 1a gen khang thudc diét c6 va khang
con tring. Vi vy, da lam giam mot lugng déng ké thude diét cé va trir sau
duoc stt dung trong nong nghiép.

Bén canh d0, cic nha khoa hoc ciing d3 tao ra nhimng cay bién doi gen
khang vi khuan, virus va nam. Kha nang chéng chiu nhitng diéu kién ngoai
canh bét 1gi nhu khé han, nong hodc kim loai nang cua cay tréng cling dugc
cai thién.

Ngoai ra, nho k¥ thuat gen da tao ra nhitng thyc vat c6 gid tri dinh
dudng hon, ham lugng vitamin va khoang cao hon. Mui vi va kha nang luu
gitlr cia qua cling dugc nang 1én.

Thue vét bién ddi gen ciing s& cung cip nguyén liéu nhu carbohydrate,
chét béo va chat déo phan giai sinh hoc.
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Trong linh vuc y hoc, thuc vat chuyén gen cung cip cac alkaloid va
nhirg chit mién dich ¢6 y nghia. Sy nhiém ban cua vaccine véi virus gay
bénh & nguoi vé co ban dugc loai trir.

Nhitng hiéu biét vé& sy xuat hién dang va mau hoa ciing cho phép tao
nén nhitng loai hoa mai.

Nhitng cay bat duc duc nhan tao duge tao ra cho muc dich san xuét
gibng.

Sau day s& dé cap cu thé hon vé cac két qua nay.

2.1. Tang tinh khang va thich nghi véi moi trueong

Sy mat mua lén hang nam ludn xdy ra do con trung, bénh va coé dai
cling nhu do anh hudng bat loi ciia diéu kién ngoai canh va nhitng yéu t6
phi sinh hoc khac.

Theo mot két qua nghién ctru, mat mia do bénh giy ra tir nim 1988
dén 1990 13 12,4% & lta my, 15% & lta va 16,3% o khoai tay, da anh huéng
16n d6i voi san xuat ndng nghiép.

Ché d6 canh tac doc canh can mot lugng lon thube bao vé thuc vat, da
lam anh huong dén méi trudng séng. Gan day, cdy trong chuyén gen c6 kha
nang khang thudc diét cé va khang con trung dugc sir dung, ¢ ¥ nghia 16n
trong vi¢c bado vé mai truong.

2.1.1. Khang thudc diét co

Trong san xuit ndng nghiép c6 tinh chuyén mon hda cao thi viéc st
dung cac loai thude diét co dai 1a diéu rat can thiét nhdm dam bao nang suét
cay tréng. Tuy nhién, viéc lam dung mot s6 thude diét co ¢ doc tinh cao da
va dang gay ra cac hau qua nghiém trong ddi véi moi trudng, hé sinh thai va
sttc khoe con nguoi. Gan day, ngudi ta di tong hop duoc mot sd hop chat
chi ton tai trong tu nhién mot thoi gian ngén, nhung lai ti€u diét toan bd cay
cbi. Cac hop chét nay duogc goi la thude diét co khong chon lgc.

Bing phuong phép sir dung dot bién, nguoi ta di phan 1ap duoc mot
s6 gen tao cho cdy trong c6 kha ning khang cac loai thude diét c6 noi trén.
Viéc chuyén cic gen nay vao cdy dd nang cao tinh chon loc va hiéu qua
kinh té ciia thubc diét co cling nhu lam giam anh hudng cta thude dbi véi
quﬁn thé sinh vat trong dét. That vay, khi chua c6 loai cay tréng bién dbi
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gen khang thudc khong chon loc, ngudi ta phai phun nhiéu lan true khi
gieo hat nham loai b hoan toan mam méng co dai. Nhung khi ngudi nong
dan gieo trong loai cAy bién d6i gen thi ho doi cho cay trong va c6 dai cung
phat trién dén mot mac do nhit dinh, s& tién hanh phun thudc mot lan 1a co
thé dam bao loai bo sy xam lan cua co dai. Déng thoi viéc phun thude khi
ma cay trong dd phat trién s& lam giam thudc diét co thdm vao dat, lam giam
nguy co gy hai dbi véi méi truong.

Khang thube diét co nhan tao 1a dic diém thuong dugce st dung nhiéu
nhét cho dén nay ¢ thuc vat bién d6i gen.

Diéu nay c6 nhiéu nguyén nhan:

- Thir nhét 13 tao ra thyc vat bién d6i gen loai nay tuong ddi don gian.

- Tht hai, c¢6 dai 12 mot van dé 1én nhét trong nong nghiép, lam giam
nang sudt tir 10-15%.

Vé co ban phan biét loai thudc diét co chon loc véi loai khong chon
loc. O liéu luong nhat dinh loai khang chon loc ¢6 tac dung ddi véi thuc vat
¢ dic diém sinh 1y va hinh thai nhét dinh. Vi du: thuéc nhom nay gém co:
atrazin, bromoxynil, 2,4-D. Tac dung caa thudc diét co chon loc:

Atrazin: Lam ngimg su van chuyén dién tir trong hé thong quang hda
11 & lyc lap (can thiét d6i voi quang hop cua thuc vat). Ngo khong man cam
véi atrazin.

Bromoxynil: Dinh chi su van chuyén dién tir trong hé théng quang
hoa II cua lap thé, 1am chét ciy hai 14 mam.

Glyphosate (Round up®): Lam ngimg hoat dong enzyme EPSP-
synthase va qua d6 kim ham su tong hop cac amino acid thom.

Phosphinothricin (PPT) con goi 14 Basta: PPT 1a dong phan dang L
ctia san pham tong hop glufosinate. PPT c6 cdu tric twong ty glutamic acid,
gan khong thuan nghich véi enzyme glutamatsynthase, gay doc do tich liy
NHs.

2,4-D: Auxin tong hop nay gy hai cho sy phat trién cua cay hai 14
mam, phan 16n cdy mot 14 mam khong man cam.

Mot sb loai thude diét co chon loc ton tai lau trong dat, vi vay n6 lam
nhiém ngudn nudc.

Nguoc lai, thudc diét co khong chon loc nhu glyphosate hodc
phosphinothricin (PPT) doc ddi véi tat ca cdy trong.
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Uu diém cua hai loai thudc diét co nay 1a phan giai rat nhanh trong dét
thanh nhitng chat khong hai.

Thoi gian ban hiy cua Basta trong dat chi 10 ngdy va Round up tir 3
dén 60 ngay. Thoi gian ban huy 1a khoang thoi gian ma 50% chat nay bi
bién doi va phan giai.

Dé san xuit cdy chuyén gen khang thudc diét co, ngudi ta can nhimg
gen khang ma hoéa cho protein, nhimng protein nay hodc lam bt hoat thude
diét co, hodc thay dbi vi tri tic dong cua thudc trong té bao, lam thude
khong con gy hai. Co ché khang thudc diét co khong chon loc Basta va
glyphosate dugc giai thich nhu sau:

Basta 1a thudc diét c6 khong chon loc duoc sir dung trong hon 50 qubc
gia, nhung dugc sir dung rat c6 gidi han, vi nd gy doc ¢ cay trong va co dai
nhu nhau. Gan day, rat nhiéu loai cdy trong bién ddi gen duoc tao nén va da
dugc thir nghiém trong hon 100 thi nghiém dong rudng, trong d6 nhiéu loai
da duoc dua ra thi truong. Nhitng gen khang dugc phan 1ap tir vi sinh vat
hoac tir thyc vat khang trong ty nhién. Tur cdy linh lang thao (Medicago
sativa) mot gen khong man cam véi Basta duoc phan 1ap va tir vi khudn dat
Streptomyces hygroscopius va S. viridochromogenes 2 gen bar va pat duoc
phan 1ap, nhitng gen nay md hoa cho enzyme phosphinothricin-
acetyltransferase. Enzyme nay 1am mat doc tinh cta thudc bang acetyl hoa,
gan vao mot goc acetyl. Pé sir dung cho thuc vat, nhitng gen tir vi khuan
duoc bién ddi va duge diéu khién boi promoter CaMV 35S nham dat dugc
su biéu hién gen thudng xuyén trong tit ca cac mo. Bang cach nay ciy linh
lang thao, ca chua, ngd, laa, lta my va dau tuong khang thude diét co duogc
tao nén.

Thuéc diét co6 glyphosate dinh chi dic hiéu enzyme 5-
enolpyruvylshikimate-3-phosphate-synthase ~ (EPSP-synthase). Day la
enzyme can thiét trong thuc vat dé tong hop amino acid thom (phenylalanin,
tryptophan va tyrosin), mot sd vitamin va cac hop chat co ngudn goc thir
cap. Enzyme nay khong c6 & ngudi va dong vat, vi vay glyphosate khong
doc dbi véi nguoi. Glyphosate duoc phan giai trong dit nho vi sinh vat va
khong dé lai san pham doc hai nio.

Khéng glyphosate c6 thé do nhimng co ché khac nhau:

- Thtr nhét trong cay c6 sy biéu hién manh mé& ctia enzyme ctia EPSP-
synthase dudi su diéu khién cua promoter CaMV-35S va dong thoi tao nén
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mot enzyme oxidoreductase ciia vi khuan. Nhd enzyme oxidoreductase ma
thudc bi bat hoat va véi mot luong 16n EPSP-synthase dugc tao nén thi
lwong thude con lai khong thé gay hai & cdy bién doi gen (Hinh 2.2). O day
2 gen can thiét, trong d6 gen oxidoreductase 13 khong c6 trong thuc vat.

Cay khong chuyén gen (d6i chimg)
h ‘

Hinh 2.2. Hiéu qua khing thudc diét c6. Hinh trén 1 cdy chtra gen bar
khang basta. Hinh duéi 1a cay déi ching khong chira gen khang nay. Ca hai
déu dugc phun basta. Anh chup sau 15 ngay phun thude.

Mot kha nang thtr hai 13 st dung EPSP-synthase cta vi khuan. Tur vi
khuan Agrobacterium tumefaciens (loai CP4), EPSP-synthase vi khuan dugc
phan lap va do sy thay doi trinh tw amino acid nén enzyme nay khong con
man cam véi glyphosate va vi vdy dugc st dung trong nhiéu ciy trong
thuong mai.

Thir ba 1a xuat hién mot dang dot bién EPSP-synthase ciia ciy trong
c6 kha nang khang glyphosate (Hinh 2.3).

Tinh khang khong chon loc dugc sir dung ddi v6i nhidu cdy trong bién
ddi gen, nhu cay bong, khoai tay, ngd, dau twong, thude 14 va laa my.

Béng viéc st dung cay trong khang thudc diét co, luong thude diét co
duoc sir dung giam di déng ké, vi thuc dugc ding theo yéu cau va trong
pham vi nho hon.

Cong nghé gen trong nong nghiép 35



Glyphosate

Gly — Ala
Thay dbi cau
trdc enzyme

Té bao chét

Phe, Trp, Tyr Phe, Trp, Tyr

Hinh 2.3. Pt bién xay ra trong EPSP-synthase lam cho cay khang
thudc diét cé6 glyphosate. Su két hop cua glyphosate vao enzyme EPSP-
synthase ¢ loai hinh binh thuong da lam mat hoat tinh xtc tac va han ché sy
di chuyén cta enzyme nay vao luc lap. Dang EPSP*-synthase (ma hoa boi
ShkG*-dang dot bién) c6 hoat tinh thip véi glyphosate va van thé hién hoat
tinh khi c6 mit cta thude diét co nay.

Nam 1996 va 1997 & My, khi sir dung ciy khang thudc diét co da lam
giam luong thudc ding twong tng 1a 26% va 22%. Rira troi dat gidm 90%,
do dit khong phai cay sau, ddng thdi ning sudt tang 1én 5%.

Mot van dé kho khan trong viée str dung ciy bién doi gen 1a sy lan
truyén tinh khang qua hat phan dén nhiing cdy ho hang. Dé giai quyét van
dé nay viéc tao cay bién d6i gen 1a dua vao su thay d6i cac gen trong lap
thé. Vi gen lap thé & phén 16n thuc vat di truyén theo té bao chat, vi vay tinh
khang thudc diét c6 khong thé lan truyén dugc qua hat phéan.

EPSP-synthase hoat dong ¢ trong lap thé. Nhung gen ma hda cho
enzyme nay lai co6 mat ¢ trong nhan. Protein dugc dich ma & ribosome trong
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té bao chit va do c6 trinh tu dich cua lap thé nén duoc van chuyén vao co
quan tir ndy. Cay thudc 14 khang glyphosate d3 duoc tao nén bang cach bién
nap gen mé héa cho EPSP-synthase c6 ngudn gbc tir cay da yén thiao. Gen
nay dugc chén vao DNA cua lap thé. Lap thé ciing c6 ribosome nén téng
hop truc tiép EPSP-synthese. Bang cach nay viéc van chuyén gen qua hat
phén & phan 16n cay trong di khong xay ra.

2.1.2. Khang con trung gay hai

Céc ton that trude thu hoach gdy ra bdi cac loai sau pha hoai 1a mot
trong cic nguyén nhin chu yéu 1am giam ning suét cdy trong, dic biét 1a &
cac nude nhiét d6i co nhiét do cao, am do 16n, thich hop cho sy phat trién
sau bénh nhu ¢ nudc ta.

Con trung gay hai cdy trong & hai khia canh:

- Thir nhét 13 gian tiép truyén cac tac nhan gay bénh khac nhu virus, vi
khuén hodc nam.

- Thit hai 13 truc tiép an hai cic co quan cua ciy trong.

Bién phap hitu hiéu dugc st dung rong ri hién nay 1 phun thudc trir
sau hda hoc. Viéc str dung thude trir sdu 1am anh huéng dén moéi trudng sinh
thai, do du lugng con lai tich iy trong chudi thirc dn va mat khac thude trix
sdu gay doc khong dic hiéu dbi voi tat ca dong vat. Vi vay, su phat trién
nhiing cay trong chuyén gen khang sau ¢ y nghia 16n.

O day dé cap dén mot loai toxin tu nhién, dugc tao ra trong vi khuén
Bacillus thuringensis va chi giy hai & mot sé loai con trung nhit dinh,
khong hai ddi véi cac dong vat khac va con ngudi. Toxin nay dugc goi la
Bt-toxin.

B. thuringensis 1a mét vi khuan dét tao bao tir. O qué trinh tao bao tir
Xuat hién nhimg vo tinh thé chira 3-endotoxin. O cac loai B. thuringensis
khéc nhau nguoi ta da xac dinh duge hon 100 loai toxin khac nhau, 1a nhitng
protein v6i khdi lugng phéan tir khoang 130 kDa. Trong rudt con tring d-
endotoxin dugc bién d6i thanh dang doc t6 hoat dong va tich liy trong té
bao thuong bi rudt. Viée tao bao tir trong mang dan dén sy phan giai thim
thau nhimg té bao nay va lam cho con tring chét.

Trong ndng nghiép sinh thai vi khuan B. thuringensis dugc phun truc
tiép trén dong rudng. Tuy nhién, ddi véi mot s6 ciy trong, viéc phun thude
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trir sdu Bt d6i khi it hidu qua do ddc tinh hinh thai cua cdy trong tai thoi
diém can phun thudc. Vi du: ddi voi ciy ngd loai con trung pha hoai chinh
1a sau dyc than Ostrinia nubilalis. Dé phong trir loai sau nay, ngudi ta phun
thudc vao thoi diém sau bit ddu ng. Nhung do dic tinh khi hiu & mot sb
vung, thoi diém sau bat dau nd roi diing vao luc cdy da phat trién. Diéu nay
ngan can thude trir sdu Bt di t&i cac mo, cac bd phan ma sau duc than pha
hoai. Mit khac, thudc trir sau Bt rit d& phan hiy trong méi truong ty nhién,
dac bi¢t dudi anh sang mat troi chua nhiéu tia cuc tim. Do vay, ¢ nhiing
vung thich hop cho sy phat trién cta sdu duc than, khién cho thoi ky sinh
san cua sdu kéo dai, ngudi néng dan phai phun thude nhiéu 1an rat ton kém.

Bit nguén tur cac han ché cua viéc phun thudc trir sdu Bt, cac nha khoa
hoc da chuyén gen Bt vao nhiéu loai cdy trong. Luc nay, ciy chuyén gen Bt
c¢6 kha ning sinh tong hop truc tiép loai thude trir sdu sinh hoc. Piéu nay
gitp cho viéc phong trir tré nén hiéu qua hon va giam chi phi mua thude trir
sau cho nguoi nong dan.

Hinh 2.4. Ciy ngb bién ddi gen, tao ra Bt-endotoxin (phia trén) va cay
ng6 binh thuong bi nhiém sau hai (phia dwéi).

Gen ma hoa cho Bt-toxin duoc bién d6i cho phu hop véi thuc vat,
dugc dua vao cac cay trong khac nhau nhu bong, ngd, khoai tiy va ca chua
chuyén gen dang duoc san XuAt thuong mai biéu hién doc t6 cua Bt dé tao ra
tinh khang d6i véi cac con trung loai nhai-nghién (chewing insects). Vi
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khuan B. thuringensis tong hop cac protein S-endotoxin tinh thé dugc ma
hoa béi cac gen Cry.

Nguodi ta phan biét 4 nhém endotoxin (Cryl dén CryIV), tlly thudc nd
doc v6i loai sau nao, ddi véi Lepidoptere (buém, Cryl), Lepidoptere va
Diptere (rudi va mudi, Cryll), Coledoptere (con tring canh ctimg, Cry III)
va Diptere (Cry IV).

Sau nhiéu thi nghiém dong rudng cac loai cdy trong chira gen Bt da co
mit trén thi truong véi két qua tét. Vi du: véi viée sir dung ngd chira gen Bt
nam 1996 va 1997 d lam giam lugng thudc trir sdu cho cay ngd 6 My 10%,
nang sut ting 1én 9%, bong chira gen Bt ning suit ting 7%. 60% nong dan
loai bo hoan toan thudc trir sau.

Mot sb wu diém cua doc té Bt nhu sau :

- Tinh ddc hiéu, mdi protein Cry chi hoat dong chong lai mot hoic
mot vai loai con trung.

- Su da dang, nhiéu protein Cry khac nhau di dugc nhén biét.

- Cac anh huong khong bét lgi hodc bi giam di dugc xac nhan trén cic
con trung khong phai dich hodc cac dich thu tu nhién ctia con trung.

- Poc tinh v&i dong vat co vi 1a rat thap.

- C6 thé thoai bién dé dang.

Két qua nghién ctru cho thdy diém méu chdt 1a gen chiu trach nhiém
tong hop protein tinh thé trir sdu cua vi khuan B. thuringensis chung
kurstaki, chua dic biét biéu hién rd & cdy trong. Pé ning cao hiéu qua cia
doc t6, cac nha nghién ctru di cat got bot gen chi dé tong hop phan protein
¢6 hoat tinh chtra doc té ma khong can cac phan gen phu khac. Gen Cry
duogc cat bt da biéu hién tong hop protein gip 500 lan so véi gen nguyén
thuy. Hién nay, hon 40 gen khac nhau mang tinh khang con trung da dugc
hop nhat trong ciy trong chuyén gen vi mot vai gidng da duoc thuong mai
hoéa & cac nude nhu My, Uc...

Loi ich cta cac doc td Bt trong kiém soat con tring da budc chiing ta
phai ¢6 cac phuong thirc quan 1y khac nhau dé lam chdm sy phat trién cua
tinh khang cta con trung ddi véi Bt, bao gom :

- B6 tri cic ving bén canh trong cdy bong khong chuyén gen Bt, 1am
noi tra an dé giam ap luc chon loc hudng téi viéc khang con trung.
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- Trién khai cac gen khang con tring khac nhau (Vi du: protease
inhibitors).

- DUNg céc loai dc t Bt cho cac receptor dich khac nhau.

- Dung céc promoter khac nhau dé diéu chinh su biéu hién ciia cac gen
Bt.

- Dung céac promoter dic trung m (tissue-specific promoter), nhu thé
con trung c6 thé dn ma khong ton hai dén kinh té trén cac bo phan it quan
trong cua thyc vat.

- C6 cac huéng khac dé phat trién tinh khang con tring cho cay
chuyén gen dwa trén co sé: protease inhibitors, a-amylase, lectins,
chitinases, cholesterol oxidase, cdc virus cua con trung dugc tao dong,
tryptophan decarboxylase, anti-chymotrypsin, bovine pancreatic trypsin
inhibitor va nhén t4 trc ché 14 lach.

Di nhién 1a Bt-toxin khong doc cho tit ca moi con tring va trong tu
nhién ludn c6 kha ning xuat hién nhiing loai sdu khang. Vi vy, phai c6
chién luoc tiép tuc tao ra nhirng loai ciy trong khang.

Dic biét hira hen 13 chét e ché serin-protease, kim hdm céc enzyme
tiéu hoa quan trong cua con trung. Nhing cdy trong chira mot lwong 16n
protein nay co tac dung bao vé trudc sy pha hoai cia sau hai.

Ngoai ra, nhiéu phuong phap khac ciing dugc thir nghiém. V& nguyén
tac cac phuong phap nay dya trén viéc s dung nhiing protein c6 trong tu
nhién dic hiéu chi gy hai cho con tring. Piéu nay dic biét c6 y nghia &
trong cay luong thuc va thue pham vi né khong chira nhitng chat doc gay
hai cho nguoi tiéu dung.

2.1.3. Khang virus gay bénh

Tuong tu nhu vi khuén, dong vat va nguoi; ¢ thuc vat cling ton tai
mot s lwong 16n virus. Ngoai ra, & thuc vat con ¢ thé dugc goi 1a viroide.

Virus chira mot vo protein va trong d6 c6 ca mang lipid. Vat chat di
truyén cia virus 1a DNA hodc RNA. Viroide khong c6 vo protein va mang
ma chi c¢6 phan tor RNA ¢ dang vong nho. Sy tai sinh virus va viroide hoan
toan phu thudc vao trao ddi chat cta ky chii. Theo quy wéc qudc té tén cua
virus dugc goi theo tén thuc vat dau tién ma loai virus d6 duge tim ra, sau
d6 dén triéu chimg dau tién va thém tir virus (vi du: thudc la-kham-virus:
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tobacco-mosaic-virus). Virus thuc vat can sinh vat khac dé truyén tir ciy
nay sang cdy khac. O ddy phan 16n 1a nhd con trung, va khi ching mang
virus dugc goi la vector.

Virus thudng duoc coi 1a tic nhan gy bénh nguy hiém. Tuy nhién,
quan niém nay khong hoan toan chinh xéc, vi khi phan tich timg phan hé
gen thyc vat cho thy, trong cdy trong va cy hoang dai ton tai s6 lwong 16n
cac loai virus, trong chiing phan 16n 1a khéng gay hai. Ngoai ra, virus & thyc
vat khong phai 1a virus & nguoi va dong vat. Chi c6 mot s loai virus gy
thiét hai 16n cho mua mang. Vi du loai virus tao ra nhiéu r& nho & cu cai
duong trong mot s6 ving 16n ¢ e da gay thiét hai dén 75%.

Triéu chung & thuc vat sau khi virus xAm nhiém (thay ddi mau, dang
va chét) rat da dang va phu thudc vao céc yéu t6 moi truong. Nguoc lai,
virus thyuc vat cé cdu tao don gian, vi ching gdm mot vo protein don gian va
bén trong v6 nay chira nucleic acid mang nhiing gen khéc nhau.

Phan 16n virus chtra nhitng gen ma héa cho vo protein, cho sao chép
thong tin di truyén ctia né (tir DNA hodc RNA) va mot gen cho sy di chuyén
bén trong thyc vat tir té bao ndy dén té bao khac.

Thudng tn tai nhitng ching virus ho hang véi mirc d6 gay bénh khac
nhau. C6 nhing chung khong gy triéu chimg, c6 ddc tinh thap, trong khi d6
¢6 nhitng ching gay triéu chimg hai rat nang, dugc goi 1a virus c6 doc tinh
cao. Da 1au nguoi ta biét rang, néu tiém ching trude d6 véi loai virus doc
tinh yéu thi ¢ trong cdy xuét hién tinh mién dich d6i v6i loai virus ho hang
ddc tinh manh hon. Sy tai sinh cua virus bi ngirng hoac 1a giam rat manh,
dugc goi 1a bao vé chéo (cross protection) (Hinh 2.5).

Ngudi ta lgi dung hiéu qua trén dé tao cay bién ddi gen khang virus.
Pau tién nhirng gen ma hda cho protein vo cua virus dugc dua vao thuc vat
va biéu hién duéi sy diéu khién ctia promoter CaMV 35S. Thyc té cho thay
nhiing cdy nay sau khi nhiém virus khong xuét hién triéu chimg. Theo co
ché nay nhiing tinh khang co ban véi nhiéu loai virus khac nhau dugc tao
nén.

Nhiéu phuong thirc dugc st dung dé kiém soat sy x4m nhiém virus
bao gdm cac xir Iy hoa hoc dé giét cac vector virus, chuyén vao cay trong
cac gen khang ty nhién tir cc loai lién quan, sir dung cac phuong phap chan
doan hién dai nhu PCR va dua ra nhiing chi dan thich hop dé dam bao nhan
giéng céc vat liéu khoi dau sach virus (vi du: hat, cu...).
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Hinh 2.5. Thi nghiém vé bao vé chéo. Bén trai: Cay thudc 14 dugc xtr 1y
v6i TMV yéu, sau d6 duoc lay nhidm véi TMV doc tinh va két qua 1a cay
khong gay bénh. O giita: Cay thudc 14 khong duogc xtr Iy véi TMV yéu, xuét
hién triéu ching bénh sau khi xir Iy voi TMV doc tinh. Bén phai: Cay bién
d6i gen, chira cac gen ma hoa cho protein vo cia TMV, khang dugc su lay
nhiem

Tuy nhién, phwong phap chi yéu dé khic phuyc tinh trang trén 1a khai
thac tinh khang xudt phét tir cac tic nhan giy bénh. Chang han, sir dung cac
trinh tu c6 ngudn goc tir virus duoc biéu hién trong cac cdy chuyén gen dé
tao ra tinh khang ddi vé6i cac virus thue vat. Hudng nay dua trén co sé cac
nghién ctru vé sy gay nhidm (inoculation) hay xam nhiém (infection) & thuc
vat, dugc khai dau véi cac ching virus nhe tao ra kha niang bao vé chong lai
su gy nhiém tiép theo voi ciing chung virus hodc cac virus c6 lién quan gan
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giii. Tinh khang bit ngudn tir tic nhan gy bénh nhu vy can su bién nap
thue vat véi cac trinh tu cd nguén géc tur virus. Tinh khang vat chu Xuét
hién tir hai co ché khac nhau: (1) Su bao vé dugc dan xép thong qua biéu
hién cua cac protein virus ty nhién hodc da dugc bién dbi (vi du: protein vo,
replicase, va replicase khiém khuyét). (2) Su bao vé dugc dan xép ¢ murc do
phién m@ (RNA-mediated resistance), doi hoi sy phién ma ciia RNA hoac tir
céc trinh ty hoan chinh hogc timg phan c¢6 ngudn gdc tir virus dich (bao gdm
cac gen cho protein vo, replicase, replicase khiém khuyét, protease, protein
van dong...).

Mot dudng hudng khac tao ra cdy trong khang 1a dua trén viée sur
dung nhitng gen khang (cac gen R) ton tai & mot s thuc vat ty nhién.
Nhitng gen khang nay da xuit hién trong qua trinh tién hoa ctia mot sb loai
thuc vat va mdi mot tinh khang chdng lai mot tac nhan dic hiéu.

Ngudi ta chuyén mot gen R vao mét cdy trong khac thi ciy nay sé
khang duoc tac nhan dic hiéu d6. Bang cach nay khong nhitng khang virus
c6 hiéu qua ma ngudi ta con biét cac gen R khang vi khuan, nim va tuyén
trung. Trong twong lai c¢6 thé tao nén cac gen R ¢6 tinh dic hiéu xac dinh.

Trong nhitng nim 80, bénh virus d6m vong & cay du dii da xuét hién &
viung Hawai. Nam 1994, gan mot nira dién tich du du cua qudc gia nay bi
bénh. Mot gibng khang bénh rat can nhung phuong phap lai tao truyén
théng d3 khong thanh cong. Cac nha nghién ctu & Pai hoc Cornell va Dai
hoc Hawai quyét dinh tim mot dang khang bénh nay. Ho da sir dung cong
nghé gen dé chén cac gen ma hoda cho vo protein cua virus ddm vong du du
duoc phan 1ap tur virus nay vao DNA cua cay du du. Sy c6 mat cua protein
vo virus trong cdy di ngan can sy lay nhidm virus vi cc gen virus can dé
gdy nhiém khong c6 mit. Nhu vay, da tao ra mot loai mién dich thuc vét.
Sau khi kiém tra sy an toan can thiét ngudi ta da sir dung loai ciy du du bién
d6i gen dé san xuat.

2.1.4. Khang vi khuan va ndm

Vi khuan 13 nhirng sinh vat tién nhan. Ciing nhu virus, phan 16n vi
khuén 13 tic nhan giy bénh nguy hiém, mic du thuc té ciing chi mot s6
luong nhoé. Gan day, duoc biét co 200 loai gy bénh ¢ thuc vét trong tong sb
khoang hon mot triéu loai.
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D6i v6i bénh vi khuan, hudng nghién ciru tao gidng mdi bang cong
nghé gen chi méi bat dau. V& co ban c6 ba huéng: (1) Dung gen ma hoa
enzyme lam thodi hoa thanh t& bao vi khudn, ching han gen san xuét
lysozyme tir cic ngudn té bao dong vat hodc tir bacteriophage T4 dua vao
cay thudc 14 va khoai tdy. Cac gen nay biéu hién hoat tinh lysozyme manh
va céac té bao c6 kha ning phong trir vi khuan Erwina carotovora rat tot. (2)
Gen m4 hoa a-thionin-cystein duge chuyén vao cay thudc 14 ciing phong
ngira duoc vi khuan Pseudomonas syringae. (3) Chuyén nap gen san xuat
protein 1am giam ddc t6 cua vi khuan 13 hudng c6 nhiéu hira hen. Gen nay
cha yéu san xuit cac loai enzyme phan hiy doc té cia vi khudn, do vay da
ngan can tac hai cia ching.

Nam thudc vao sinh vat nhan chuan (eukaryote), c6 khoang 8.000
trong 100.000 loai nam d3 biét gy hai nang & thuc vat.

Mot su kién ndi bat la sy phé huy vu khoai tay ¢ Ailen vao nam 1845
va nhitng nam sau d6 do nim Phytophtora infestants. Sy kién nay da dan
dén nan do6i 16n nhat va sy di cu ctia hang triéu ngudi tir nude nay dén My.
Cho dén nay dan s6 nudc nay van chua dat dén con sb trudc nam 1845.

Mat mua do vi khuan va ndm van ludn 13 van dé 16n, vi vay bat budc
sir dung thudc trir ndm trong nong nghiép.

Mot van dé nita 1a sy nhiém thuc phém do mycotoxin ma nam thai ra,
thuong gap khi thue pham thyc vat khong duoc xir 1y bang thude trir ndm.
Mycotoxin vé cdu tao hda hoc rat da dang, c6 thé gy bénh ning & nguoi va
dong vat va co thé gay ung thu néu sy tiép nhan thyc phim nay trong thoi
gian dai. Kha nang gy hai chinh x4c cta nd cho dén nay vin chua dugc
nghién ctru day du.

Vi phuong thic tao ra cdy bién d6i gen khang vi khuan va ndm cé
phan tuong tu nhau, nén dugc dé cap chung & day.

Viéce st dung cac gen khang trong cay bién d6i gen di duoc néu 1d ¢
phan trén. Nhiing gen khang cu thé c6 ¥ nghia va da duoc thir nghiém trong
cay bién ddi gen.

Gen khang ma hoa cho cac chat nhan, chung kich thich nhiéu phan
ung béng chudi van chuyén tin hiéu, vi du tao nén khang thé. Nhitng gen
nay 1a sy quan tim 16n ctia cdc nha san xuét.
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San xuit nhimg chit chong lai vi sinh vat trong cdy bién dbi gen da
duoc thir nghiém tir nhiéu nam nay, nhung két qua thu dugc chua thdng
nhat. Vi du: ngudi ta da thir nghiém chitinase trong cay bién ddi gen, vi
thanh té bao cia nhidu loai nim chta chitin. Thyc té dd cho két qua tot ¢
mdt sb thuc vat do nAm gay bénh.

Cai tao cac gidng cay trong khang ndm hai dwa trén nguyén 1y dwa gen
mi hoa mot loai enzyme nao d6 co tac dung tc ché truc tiép hodc gian tiép
dén sy phat trién ctia ndm hai. Cac enzyme lam thoai hoa cac thanh phan
chinh ctia v6 té bao nam chitin va B-1,3 glucan 1 loai dang dugc cha y. Khi
c6 gen chitinase chuyén vao, cay thudc 14 chuyén gen di ting hoat tinh
khang ndm gdy hai. Su biéu hién dong thoi ciia ca hai gen chitinase va
glucanase trong thudc 14 1am cho cay c6 tinh khang ndm gay hai cao hon
cdy c6 mot gen doc lap. Cing tuong tw, ca chua c6 tinh khang ndm
Fusarium cao hon han, sau khi duoc chuyén ca hai gen néi trén. Protein trc
ché ribosome (ribosomal inhibition protein-RIP) ciing biéu hién tinh khang
nam kha quan. Cay thudc 14 cho tinh khdng nim rat t6t, khi cay duoc
chuyén dong thoi gen RIP va chitinase.

Nhiéu thuc vat bién ddi gen khac nhau tao ra protein khang vi sinh vat
khac nhau. O ddy nguoi ta thu duoc nhitng két qua trai nguoc nhau, vi du o-
thionin c6 ngudn gdc tir yén mach dugc bién nap vao ciy thude 14 khang vi
khuin Pseudomonas syringae va mét thionin nhan tao ndi sinh biéu hién
manh khang Fusarium oxyporum.

Nhiéu tac nhan giy bénh tao ra trong cdy cac chat doc. Nguoc lai ciy
tréng cling tao ra chat doc dé tu bao vé chung.

2.1.5. Khéng c4c diéu kién ngoai canh bét loi

Thuyc vét gan lién voi vi tri ciia né va vi vay chung da phat trién co ché
nhiam dé chéng lai nhitng diéu kién bat loi ctia moi truong. O day phai ké
dén noéng, lanh, khé han, thiéu khoang, néng d6 mudi va kim loai cao, 6
nhiém moi truong va tia cyc tim. Di nhién 1a khong gip tat ca nhirng yéu t6
nay ¢ mot vi tri va chung c¢6 nhitng anh hudéng khac nhau dén thuc vat. Thue
vat c6 kha nang chong chiu cao véi nhiing yéu t6 bat loi nay ¢ y nghia dic
biét cho nhitng viing kho khin vé nong nghiép.

Diéu nay rat quan trong, vi dién tich gieo trong cho dén nay chua déap
g du nhu cau cho dan sb thé giéi ngdy cang ting. Vi vy, bit budc phai
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tréng cdy trén nhitng ving rat kho han, néng va lanh, dic biét ¢ cac nudc
dang phat trién v6i sy ting dan s rat nhanh va nhiéu ving kho khin vé thoi
tiét.

Nguoi ta cho rang, phan 16n nhimg yéu t6 bit loi gy hai truc tiép
hodc gian tiép 1am xuét hién nhimg hop chit oxy doc, hoat dong, duoc goi
ngan gon la ROS (reactive oxygen species).

ROS xuét hién do su van chuyén dién tir tir chudi van chuyén dién tir
gan lién v6i mang trong ty thé va lap thé dén phan tir oxy. ROS hoat dong
hoa hoc manh, gy hai cdu trac té bao va nucleic acid. Tat ca té bao séng
hiéu khi (can oxygen) c6 kha ning phan giai nhanh nhimg ROS. O ngudi
ROS gin lién voi qua trinh 130 hoa.

Nguoi ta cho ring, ROS dugc tao nén da hoat hda cac gen, ma hoa
cho cac enzyme, xic tac cho tong hop céc chit chdng oxy héa (vi du,
vitamin D hodc E). Mac du cac marker phan tir khang kh6 han da dugc st
dung trong lai tao truyén théng, nhung nhiing nghién ctru vé kha ning
khang diéu kién bat loi & thuc vat bién d6i gen van con trong giai doan
nghién ctru. Ngoai ra, con ¢ 1y do khac 1a mdi mot qua trinh trong té bao
gan chit ché véi nhau, chang han qua trinh ho hap gan lién véi qua trinh
quang hop. Tuy nhién, da c6 mot sb trién vong nho dua trén sy biéu hién
clia enzyme tong hop chat chong oxy hda nhu cac vi dy sau:

- Nguoi ta da thanh cong trong viéc tao ra cdy Arabidopsis bién doi
gen c6 mang enzyme cholinoxygenase tir vi khuan Arthrobacter globiformi.
Thuc vat nay tich liy glycinbetaine va thé hién tinh chiu min cao. O nhiing
thi nghiém khac glycinbetaine dugc phun 1én cay ngd va cay ké (Sorghum
bicolor) di dat duoc kha ning chdng han tét hon va ning suit cao hon. O
nhiéu cdy trong khac c6 sy tich liiy mannitol dé chong lai kho han va nong
d6 mudi cao. Gen ma hda cho mannitol-dehydrogenase c6 ngudn goc tir E.
coli dugc bién nap vao thude 14 va enzyme biéu hién ¢ lap thé nhd mat trinh
ty dich tuong mg. Mot sy tich lily mannitol 1am tang kha nang chéng lai
cac chét oxy hoa.

- Nguoi ta da st dung gen ma héa cho DNA helicase, loai enzyme c6
tac dung tich DNA (gidn xodn) trong subt qua trinh sao chép gen. Mot
helicase tim thdy trong cdy ddu Ha Lan cu thé 1a chat PDH45 da ting kha
nang chéng chiu voi néng d6 mudi cao, su khir nuée va nhiét do thép. Két
qua da cho thay sau khi chuyén gen PDH45 vao cdy thudc 14, thi cdy nay
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khong chi tiép tuc ting truong trong diéu kién do min cao, ma con cho phép
viéc cac thé hé tiép theo cua cay nay gitr duoc gen va tiép tuc chiu duoc do
man cao.

Cac nha nghién ctru phat hién thdy viéc biéu hién gen nay trong ciy
thudc 14 twong tu nhu kha ning chiu min. Mic du cdy thude 14 chuyén gen
duoc thir nghiém trong diéu kién sinh truéng khé khin, nhung ching van
tiép tuc 16n 1én, ra hoa va tao qua voi sd lwong hat kich thuéce hat, khéi
lwong hat va kich thuéc qua twong duwong véi nhimng loai ciy trong hoang
dai khong phai chiu méan.

Dét bi nhidm kim loai ciing 13 mot kho khin trong nong nghiép. C6
nhirng chién lugc khac nhau dugc phat trién dé tao ra cay khang hodc it nhat
la khong man cam. Viéc biéu hién gen Hg-reductase, khang thuy ngan co
ngudn goc tir vi khudn & cdy c6 ho hang voi moc lan (Liriodendron
tulipifera) da chiu duoc nong d6 Hg cao so voi cdy binh thudng.

Viéc sir dung cac gen metallothionin ciing da thanh cong ¢ cdy thubc
14 bién ddi gen khang cadium.

Khi nghién ctru cay Crasterostigma plantagineum c6 kha nang chiu
han, ngudi ta da phat hién duoc mot s6 gen chi biéu hién ¢ cac mé chiu han.
Phat hién ndy mo ra nhiing trién vong trong tao dong, phan tich va chuyén
gen vao thuc vat tao ra cac cay co tinh chiu han cao.

Pay 1a nhiing vi du cho phép hy vong rang trong twong lai c6 kha
ning tao ra nhiig ciy bién d6i gen v6i kha nang chdng han, mubi va kim
loai cao hon.

2.2. Nang cao chit hrong sin phim

Phan nay thao ludn vé van dé san xuit luong thuc v6i cdy bién doi
gen. O day phan biét vin dé trong cic nudc dang phat trién va cac nudc
cong nghiép: Su suy dinh dudng va thiéu lwong thuc van ton tai trong nhiéu
nuéc dang phat trién. Tuy nhién, & cic nude cong nghiép do di tmg hodc
khong tiéu hoa dbi v6i cac thanh phan trong thirc dn, da lam anh hudng
phan nao dén chat luong cudc séng. Cudi cing thi khong nén xem nhe van
dé van chuyén thuc pham tir noi xa chuyén dén. Vi du: trai cdy thuong thu
hoach xanh, trong qua trinh van chuyén duoc gay chin nhan tao. Tir nhiing
méi lo ngai nay di din dén kha ning thay doi thuc vat theo hudng thay d6i
cac chit bén trong.
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2.2.1. Carbohydrate va acid béo

Carbohydrate dong vai trd quan trong va c¢6 nhiéu chirc nang déi véi
thue vat va con nguoi. Tat ca su séng trén trai dat suy cho cing déu dua vao
cdy xanh, tir H,O, CO, va ning luong 4nh sang dé tao nén glucose va O,.
Qua trinh nay xay ra trong luc lap va dugc goi la quang hop.

Qua trinh tao carbohydrate trong thuc vat rat phtc tap, do vi tri tao
duong (phan 16n 13 ¢ 14 ciy) va vi tri tich liy hodc st dung duong (vi du:
hoa, cu...) tach roi nhau va vi vay phan 16n dudng tao ra & dang saccharose,
duoc van chuyén trong thuc vat. Su tich lily carbohydrate chii yéu & dang
tinh bot, xay ra ¢ trong vo sic lap (amyloplaste). Tinh bot 1a chudi cac phan
tir glucose, gdm mach thing (amylose) va mach phan nhanh (amylopectin).
Tinh bot ¢6 vai trod 16n d6i véi san xuét thuc phém va la nguyén li¢u cho
cong nghiép. Khi st dung tinh bot cho cac muc dich khac nhau, sy phan
nhanh ctia amylopectin, 4o 10n va ciu tric cla cac hat tinh bot ¢6 vai tro
quan trong. Nguyén 1y ctia sinh tong hop di rd rang va phan 16n nhiing gen
tham gia da dugc tao dong.

C6 thé thay ddi thanh phan carbohydrate ctia thuc vat bang viéc biéu
hién nhitng gen méi hodc bat hoat nhitng gen hién c6. Vi du: nguoi ta da
thanh céng trong viéc chuyén enzyme AGPase (ADP-glucose-
phosphorylase) tir vi khuan duong rudt E. coli da duoc bién doi da lam ting
kha nang tich liiy tinh bot trong khoai tdy. Nguogc lai bang co ché antisense,
enzyme téng hop tinh bdt synthetase ¢ trong hat tinh bdt bi tc ché. Khoai
tay duoc tao ra bang cach nay chi chira amylopectin ma khong c6 amylose.

Khong phai thi truong ludn ludn tha vi véi cdy bién ddi gen, vi nhiing
thay d6i vé d6 16n cu hodc lam giam ning sut. Trong tuong lai can thiét
phai tiép tuc phan tich cac chirc ning trao doi chat lién quan phtic tap trong
thuc vat dé tranh nhiing hiéu qua phu.

Ciu tao hdéa hoc twong tu véi tinh bot 1a cellulose, mot
polysaccharide, chi yéu tao nén thanh té bao thuc vat. Chudi cellulose
khong phan nhanh (Hinh 2.6) va khong c6 vai tro trong thirc an cua nguoi,
vi chung khong dugc tiéu hoa.

Chét béo 1a hop chat ester ciia glycerine va cac acid béo. Acid béo
gdm mot chudi carbon dai véi dau cudi 1a nhom carboxyl. Cac acid béo
khac nhau vé d6 dai ciia chudi carbon va do bao hoa, nghia 14 s6 lugng lién
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két d6i trong phan tir. Nhimg dic diém nay anh huong dén dic tinh hoa hoc
ctia acid béo. Co thé thay d6i chat béo theo hai hudng sau:

- Th nhat 1a thay ddi ty 1€ acid béo bao hoa va chua bao hoa, thir hai
la tao ra nhiing acid béo c6 mach carbon dai, chua bao hoa, vi chung duogc
coi la thuc phém co gia tri. Vi du: mot gen tr Umbellularia californica mé
hoa cho enzyme thioesterase dugc dwa vao cdy cai dau, da tang ham luong
lauric acid (CH3(CH2)10COQ"), thuan lgi cho viéc san xuat bo.
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Hinh 2.6. CAu tric cia (a) cellulose, (b) amylose (khéng phan nhanh) va
(c) amylopectin (phan nhanh).

- Tuy nhién, thay doi acid béo trong thuc pham ciing c6 kho khin vi
¢6 nhitng truong hop cho thdy, mot sé acid béo méi xuét hién c6 anh huéng
x4u dén nganh chin nudi. Vi vy, dé co su phat trién thich hop phai thuc
hién cac nghién ctru vé d6 an toan. Piém chinh trong thay dbi acid béo 1a
huéng vé cac muc dich cong nghiép, vi du cac chat thay thé cho dau tu
nhién.

2.2.2. Ham luong protein va amino acid khong thay thé

Ham lugng protein va thanh phan amino acid thay doi rat nhiéu trong
thuc phém thuc vat. Ngoai protein thi cadc amino acid khong thay thé, phai
dugc tiép nhan cung thirc dn vi con nguoi va dong vat khong ty tong hop
dugc. Pic biét trong thie n gia stc chu yéu 1a dau twong va ngd, phai bd
sung cac amino acid dugc san xuat bang phuong phap 1én men nhu lysine,
methionine, threonine va tryptophan. Trong twong lai khong can thiét phai
bd sung cac amino acid ndy theo cach nhu vy ma tao dong cac gen & ciy
dau tuong hoac ngd ma hoa cho protein giau nhiing amino acid nay.

Mot trong nhitng thanh cong dau tién 1a tao dong ngd dot bién co can
bang amino acid t6t hon (ham lugng protein cao hon) c6 tén 1a Opaquez, c6
ham luong lysine cao hon (ting 32% so véi ddi chimg). Nam 1960, cac nha
khoa hoc da chimg minh dugc wu thé dinh dudng cua loai ngd nay, nhung
nguoi néng dan da khong chip nhan vi ning suat giam 15%. Thyc té nay da
dan t6i su cd gang trong lai tao giéng trong 30 nim dé tao ra duoc dong ngd
chira protein chét lugng cao. Ham lugng lysine cuia loai nay khong cao nhur
Opagque2 (20% so voi 32%), nhung c6 nhiing dic diém noéng hoc tot. Nong
dan ¢ chau Phi va Nam My, noi ma ng6 1a luong thuc chinh cho con nguoi
da chap nhan rong rdi giong ngd nay .

Trong hat du twong ham lugng protein cao nhung nghéo methionine.
Nhiing c¢b ging dé tao ra cay ho d4u giau methionine bang cong nghé gen da
xac dinh dugc mot protein trong hat huong duong chtra cac amino acid co
lru huynh cao bat thudong. Mot dic tinh khac cia protein nay 1a bén trude su
phan giai vi khuan trong da co. Mot nha nghién ctiru nguoi Uc dua gen ma
hoa cho protein vao cay dau lupin véi muc dich biéu hién ¢ hat. Két qua la
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tang 100% ham lugng protein trong hat. Khi ding hat nay dé nuéi ciru,
trong luong clru ting 7% va san luong 16ng ting 8% so voi clru nudi bang
loai hat binh thudng. Thanh cong nay thuc ddy cac nha nghién ctru dua gen
nay vao 14 cay co, nham cai tién cin bang amino acid khong thay thé & da
co.

Thaumatin 1a nhimng protein dwoc chiét xuit tir thit qua cua cay
Thaumatococus danielle, c6 d6 ngot gip 1.000 1an dudng saccharose. Ngudi
ta dd thanh cong trong viéc chuyén mot gen mi hoa cho thaumatin
(thaumatin 11) vao cay khoai tay, tao mot cay khoai tay c6 14, than ré, cu déu
ngot. Két qua nay mo ra mot trién vong rat 1on ddi véi cdy an qua ngot.

Cay trong chuyén gen c6 kha ning san xuat nhing loai protein méi.
Viéc san xuét protein trong thuc vat dé dang, nhung tinh sach nhirng protein
nay tir mo thuc vat 1 khé khin va trude hét 1a gia thanh cao. Vi vy, ngudi
ta hy vong vao mdt phuong phap méi, duge gidi thiu bdi Raskin va cong
su (1999). Nhitng gen ma hoa cho protein dugc gin vi mot promoter va
dam bao cho protein chi dugc tong hop ¢ ré. Tiép theo, protein tao thanh co
mot hé théng tin hi€u, dam bao cho n6 dugc van chuyén vao mot vi tri xac
dinh trong té bao. Trong truong hop déac bi¢t protein dugc van chuyén vao
mang ludi ndi chat (endoplasmatic reticulum: ER). Protein di vao ER c6 thé
duoc tiét ra bén ngoai va chi & vung 1é, vi promoter chi dic hiéu cho vung
nay. Nguoi ta c6 thé ding mot s6 dung dich mudi dé tach protein mot cach
dé dang va véi gia thanh hop 1y.

Mot vi du khac cho hudng ung dung nay la da tao ra dugc hai loai
thudc 14 chuyén gen, mdi loai c6 kha ning san xuat mot trong hai mach
immunoglobin nhe va nang. Thé hé con sinh ra nho lai hai loai cay trén biéu
hién dugc mot khang thé hoat dong gom hai loai mach véi ham luong cao
(chiém 1,3% protein hoa tan tong sd cua 1a) va co tit ca cac dic tinh cua
mot khang thé don dong san sinh tir hybridoma.

2.2.3. Vitamin, chat khoang va cac nguyén t6 vi luong

Vitamin, chat khoang va cac nguyén t vi lugng rat can cho strc khoe
con ngudi va phai duge dua vao clng vdi thirc dn. Van dé nay & cac nudc
cong nghiép thyc hién rat dé dang, trong khi & cic nude dang phat trién lai
1a sy thiéu hut rat 1on. Héng nam c6 khoang 250 triéu tré em thiéu vitamin
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A, 250.000-500.000 tré em bi mu. Hai ty nguoi, mot phan ba dan sb thé gioi
thuong xuyén thiéu Fe, con sb nay con tang 1én khi lwong thue chinh 1a gao.

Thuc vat 1a ngudn cung cip vitamin, chat khoang va cac nguyén t6 vi
luong, tror vitamin Bi, va D. Cac thuc vat khac nhau c6 lugong vitamin va
chat khoang khac nhau. Gao 13 lwong thuc chinh cho con ngudi hau nhu
khong chtra viatmin A. Thyuc vat dugc s dung an séng c6 y nghia dbi véi
viéc cung cip vitamin, vi phan 16n vitamin khong chiu nhiét.

O ddy néu hai vi du vé Fe va vitamin A ciing nhu p-carotene. Gan ddy
d3 thanh cong & cay laa bién ddi gen, c6 du ham luong B-carotene (trong co
thé ngudi n6 duoc bién d6i d& dang thanh vitamin A) va ham luong Fe hap
thu duoc ciing cao hon. Néu gidng lua nay duoc st dung, tinh trang dinh
dudng cta hang ty nguoi dugc nang 1én 16 rét. Gidi bao chi goi giéng lta
nay vai cai tén “lua vang”.

B-Caroten biosynthesis

Hinh 2.7. Laa vang “gold rice”. Gidng lta méi nay dugc san xuat bang
cong nghé gen. Hat c6 mau vang vi provitamin A dugc tao ra trong toan hat
(thay vi ndm & vo ngodi ciia lta khong bién doi gen).

Pé dat duoc chét luong trén, 7 gen khac nhau duoc bién nap vao cay
laa. S6 lwgng nay twong dbi 16n va duge thue hién trong hai bude. O hat gao
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khong chira B-carotene, nhung nguoi ta thdy c6 hop chit geranyl-
geranylpyrophosphate, chit nay dugc bién ddi thanh B-carotene trong mot
trinh tw gdm 4 phan tng enzyme. Bon gen can thiét ¢ day duoc phan lap tir
vi khuan, thyc vat va duoc bién nap vao cdy lua thong qua A. tumefaciens.
Chiing dugc ndi thém trinh tir diéu khién dé dam bao cho gen dugc biéu
hién trong ndi nhii. Vi vay tién vitamin A khong bi mét di khi xay xat. Noi
nhii bay gio c6 mau vang la do B-carotene. Ba tram gam gao nay chua du
luong B-carotene, dap ing nhu cdu hang ngdy cua con nguoi.

Bon enzyme can thiét 1a: phytoen-synthase, phytoen-desaturase, -
carotin-desaturase va lycopen-B-cyclase.

O nudc ta, Vién nghién ctru lta dong bang song Ctru long di tién hanh
nghién ctru tao dwoc nhidu dong lta giau B-carotene, vitamin E va v-
oryzanol bang phuong phap chuyén nap gen qua trung gian A. tumefaciens
va chon loc bang mannose thay thé cho hé thong chon loc bang chit khang
sinh hodc chat diét co. Két qua nghién ctru nay con ¢ y nghia trong viéc tao
ra cac dong lta bién d6i gen sach, khic phuc cac mdi lo ngai vé tinh an toan
clia cdy bién dbi gen hién nay.

Song song mot gidng lta thir hai duoc tao ra, chira ba gen 1am ting sy
cung cép Fe.

Phytate (myo-inositol-hexaphosphate) la mot dang phosphore du trir
trong hat ngii cdc va hat cay ho dau. Khi hat nay mam xuét hién enzyme
phytase giai phong phosphate tir inositol. Tuy nhién, nhitng hat khong nay
mam hodc dong vét trong hé thong tiéu hoéa khong co phytase hoat dong &
mirc o dang ké thi dong vat phai sir dung phosphate rat nghéo trong hat.

Phytate 14 yéu t6 dinh dudng d6i khang vi no két hop véi Zn, Fe va
cac nguyén td khodng khac. Phytate két hop voi Fe lam cho 95% Fe co
trong thuc pham khong sir dung dugc. Dbi voi nhém ngudi sir dung chi yéu
la gao, dac biét thiéu Fe do phytate.

DPé vuot qua vin d& ndy nguoi san xudt thuong xuyén cho thém
phytase ctia ndm dé chuan bj thirc an vi phytase nay bén véi nhiét, phan giai
phytate trong gao.

Gan day, cac nha nghién ctru tao ra giéng lon bién d6i gen, co thé tiét
ra phytase vao nudc bot dé tiéu hoa phytate trong thirc n cia chung.
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Nhimng nghién ctru tiép theo 1a tim kiém nhiing hat dot bién du trix
phosphate vo co hon la phytate. Cac nha nghién ctu da xac dinh dugc dong
ngd cé phytate thip. Ngudi va dong vat an ngd nay ting duoc kha ning hip
thu Fe.

Nguoi ta cling tim théy hai gen tr thuc vat, mét gen lam tang sy tich
lity Fe trong gao (ferritin) va gen khac ting sy hép thu Fe (protein giau
cystein, tuong ty metallothionine) trong co thé ngudi.

Bang su lai tao giita hai gidng lua ndy da xuat hién mot giébng c6 ham
lwong B-carotene cao ciing nhu chira nhidu Fe va do hap thu Fe ciing ting
1én.

Hau hét dau cua hat chira y-tocopherol, mot tién chat khong hoat dong
ctia a-tocopherol. Bién doi dang y—o 1a gan thém mot nhom -CHs (methyl).
Gan day, cac nha khoa hoc di phéan 1ap duoc gen ma hoa cho enzyme xuc
tac phan tmg methyl hda nay & trong mé thuc vat, sau d6 di gan gen véi
promoter dic hiéu ¢ hat va dua vao cay thr nghiém (test-plant). Két qua l1a
95% tocopherol ¢ dang hoat dong (methyl hda), tang 80 lan ham lugng
vitamin E. Ung dung két qua nay cho cdy c6 dau hira hen sy cai thién tot
vitamin E cung cép cho nguoi va dong vat.

2.2.4. Tang kha nang bao quan va huong vi

O cac nudc cong nghiép yéu cu vé lugng qua, rau va salat rat 16n cho
ting mua trong nam. Sy cung cap vitamin cho con ngudi trong mua dong
cling duoc dam bao. Pap tmg duge nhu ciu nay 1a do mot phan thyc pham
tuoi duoc van chuyén dén tir nhitng noi rat xa. Thoi gian van chuyén dai
nén kho khin trong viéc bao quan ndng san twoi, vi qua chin mém rat nhanh
va khong con gia tri, dac biét dbi v&i chudi va ca chua. Vi vay, qua phai
dugc thu hoach xanh va qua trinh chin xay ra trong khi van chuyén va bao
quan. Sy chin dugc thyc hién nhanh trudc khi dua ra thi truong b'flng xu ly
ethylene. Truong hop nay lam anh huéng dén mui vi cia qua. Ca chua s&
ngon hon néu thu hoach khi qua chin, nhu vay c6 thoi gian luu gitr ngén.
Véi phuong phap bién doi gen c6 thé kéo dai thoi gian cét giir qua.

Pic diém ty nhién cua ca chua la chin rita dé giai phong hat. Trong
qua trinh ndy cdy san sinh ra enzyme phan giai thanh té bao lam cho qua
chin. Trong cic enzyme c6 polygalacturonase. Bang phuong phéap tao dong
gen (antisense-polygalacturonase) enzyme nay khong dugc tong hop va nho
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vay ma ca chua gilt dugc lau hon. Tuy nhién, sau d6 ca chua s€ chin do con
¢6 nhitng enzyme khac phan giai thanh t& bao. Loai ca chua nay trén thi
truong dugce goi voi tén la Flavor Savor.

Uu diém ddi v6i ngudi san xudt 1a thu hoach don gian va bao quan
duoc 1au hon va dbi voi ngudi tiéu dung 1a chit lugng tot hon. Nhiing thanh
phan khac, vi du nhu vitamin, theo phan tich cho dén nay 14 khong thay doi.
Tuy nhién, trong ca chua nay c6 gen khang kanamycin va gia ca chua nay
con cao nén chua phd bién trén thi trudng.

2.2.5. Giam cac chét gy di Gmg

Di ung 12 mot van dé 16n trong xa hoi hién dai, nguyén nhan gy ra
cho dén nay khoa hoc van con tranh cdi. Thuong thi di Gmg 13 do thirc dn
hodc cac thanh phan ctia n6. Pac biét 1a di tng dbi v6i hat dé, qua kiwi hodc
dau tuong. Gan day di ung voi hat dé va dau tuong dang dugc quan tam, vi
n6 cé trong nhiéu loai san pham va giy ra di ing nguy hiém cho con nguoi.
Nguoi ta wéc lugng co khoang 20.000 san pham trong thanh phan cé chua
dau tuong.

Cho dén nay bién phap duy nhét chdng lai di tmg va nhiing chimg kho
tiéu hoa khac 1a tranh tiép nhan nhiing thyc pham gay di ung. Diéu d6 lam
giam chét luong sdng. Vi phan 16n chi mot chat trong thyc pham gay ra di
g nén bién phap t6t hon 13 loai bo chat nay. Van dé can thiét 1a xac dinh
protein hodc nhiing hop chat gy ra di img va giai thich sy téng hop cua
chung trong cdy. Véi k¥ thuat gen nguoi ta c6 thé bién doi hodc 1am ngimg
tong hop enzyme, tao ra cdy bién ddi gen véi kha nang di tmg thap hon. Bé
dat duoc muc dich nay nhiéu du an dang duoc tién hanh. Vi du: gen ma héa
cho protein gao gay di irng dugc phan lap. D6 1a mot protein tuong tu véi
chat wrc ché a-amylase/trypsin ctia laa my va yén mach. Bang phuong phap
antisense da giam dugc lugng protein gay di ing trong gao.

2.2.6. Vaccine thyc pham

Gan day, cac nha khoa hoc da coi cay trong nhu mot ngudn cung cp
cac loai vaccine phong bénh, bdi vi nhiing loai vaccine thong thudong doi héi
phai duoc bao quan trong moi trudng lanh, didu vo cung khé khian ¢ nhiing
noi xa x0i ciia cac nude dang phat trién. Mot nghién ctru gan day da cong bd
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mot bude dot pha trong linh vuc san xuét vaccine tir thuc vat, do 1a két qua
nghién ctru cua Thanavala va Arntzen (My) vé kha ning gdy mién dich
trong co thé ngudi bang vaccine thuc phdm dé didu tri bénh viém gan B.
Loai cdy trong dé chuyén gen khang nguyén lay tir virus viém gan B 1a
khoai tay. Nho do6 loai khoai tdy nay c6 kha nang khang virus viém gan B
bang cach tao ra khang nguyén virus. Cac nha nghién ctru hy vong riang khi
an loai khoai tiy nay, chat khang nguyén s& gay ra mot phan tmg mién dich
nhe trong co thé nguoi. Tu do, co thé nguoi s€ tao ra chat mién dich cé thé
dbi v6i bénh lay nhiém viém gan B.

Loai khoai tdy chuyén gen, chtra vaccine ngira viém gan B, di thic
day thanh cdng kha niang mién dich trong cac cudc thir nghiém 1am sang dau
tién. Theo do, hon 60% tinh nguyén vién da an khoai tiy chuyén gen (tuong
duong ba lidu vaccine) va két qua 1a co thé ho tao thém maot luong Ién
khang thé chong lai virus. Tinh nguyén vién an khoai tay binh thuong khong
sinh thém khang thé. Tuy nhién, do nhitng ngudi an séng khoai tay chuyén
gen da duogc tiém vaccine viém gan B thong thuong nén vaccine khoai tay
chi tang cuong kha nang mién dich cua ho.

Viéc bién thyc pham thanh ngudn vaccine ré tién rat hiru ich ddi voi
cac nudc ngheo vi khéng phai chi phi cho bao quan lanh hoac mua kim
tiém. Nhu vay thi cac nha dugc pham dang tir bo viéc bao ché vaccine tir
cac loai thuc pham co ban nhu chudi, ca chua va khoai tay. Nguyén nhan
lam ho lo ngai 1a thuc pham chua vaccine c6 thé bi 1an vao thyc pham trong
siéu thi hoac ctra hang.

Thay vao d6, cac nha bao ché thudc dang tap trung vao san xuat
vaccine trong 14 cdy an duoc, song thyc vat do khong dugc ban lam thuc
pham. Nhém nghién ctu ciia Arntzen dang diéu tra mot sb thuc vat va hia
hen nhét 1a cay Nicotiana benthamina, ho hang cua cay thudc 1a. La dugc
thu hoach, rira sach, nghién roi wop lanh, siy kho dé bao quan trudc khi
dong vao cac vién con nhong.

Udp lanh, siy kho co nghia 1 vaccine ton tai trong thoi tiét nong,
khong can bao quan lanh giéng nhu vaccine thong thuong. Ngoai ra, dong
vaccine thanh vién con nhong dam bao liéu lwong thdng nhét. T6 chuc Y té
thé gioi (WHO) cho biét rat quan tdm toi phuong phap bao ché vaccine
dang nay. Tuy nhién, van chua rd liéu vaccine ¢ an toan va hiéu qua doi
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v6i ngudi hay khong. S6 ngudi khdng phan @ng vai vaccine trong thuc vat
chuyén gen cao hon nhiéu so véi vaccine thong thuong.

2.3. Nhitng wng dung méi ciia ciy trong-ngudn nguyén lidu va cii tao
dat

Khoang san thu duoc trong cong nghiép ¢ dang quing, dau, khi... va
thuong sau d6 duogc tinh ché va bién doi hda hoc. Nhiéu khoang san trong tu
nhién ¢ giéi han va s& can dan trong tuong lai. Mot trong nhiing suy nghi
cach mang nhét 13 sir dung cdy bién doi gen dé cung cip nguyén liéu cho
cong nghiép: carbohydrate, chit béo va tham chi 1a chat tong hop. Nhimg
cdy nay dugc trong, thu hoach va sir dung 1am nguyén liéu cho cong nghiép
héa hoc. Hién nay, nhiéu dy an theo hudéng nay dang dugc thyc hién.

2.3.1. Carbohydrate va acid béo 14 nguon nguyén liéu

Trong tuong lai tinh bot bién d6i cho san xuét chat dinh va nguyén
liéu cho cac muc dich khac c6 y nghia trong cong nghi¢p. Cellulose la
nguyén lidu can cho san xudt gidy va pectin can cho chit keo va chét lam
kin. Thay d6i huéng trao ddi chat cé thé ting ty 16 mot carbohydrate nao dé
va cdy bién doi gen s& tao ra mot luong 10n chat nay. Pay ciing 1a mot dong
gop quan trong dé bao vé moi truong.

Chat béo va dau 1a nhiing nguyén liéu cong nghiép quan trong. Cho
dén nay chét béo va dau thu duoc tir thuc vat chua dap ung nhu cau. Vi du
hang nam khoang 80% mé va dau (khoang 75 triéu tan) ding cho san xuét
thuc pham, va chi c¢6 15 triéu tin s dung cho céng nghiép. Mot nguyén
nhan 1a do chét béo va dau c6 gia cao gip doi so v6i dau cong nghiép.

Su tong hop chat béo 1a mdt qué trinh phirc tap, xay ra ¢ trong nhiéu
vi tri khac nhau cia té bao. Thyc té cho thiy, tong hop mot acid béo nao d6
dat cao hon, khi chat nay dugc van chuyén va tich lily vao vat chira pht hop
(vi du: hat). Vé thay ddi thanh phﬁn chit béo da co mot loat cac du an, vi du
lam giam d6 no céc acid béo cua cdy cai dau bang k¥ thuat antisense hodc
st dung cac gen dé tao nén petroselic acid, cho muc dich san xuit polymer.
Su kéo dai chudi carbon ciia acid béo dé san xuéat ddu m& cho may moc va
chat lam mém.
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2.3.2. Chit tong hop

Nhiéu loai vi khuén tao ra chit du trix 1a polyester, vi du polyhydroxy
acid butyric [poly (3HB)]. Chit nay khong doc va c6 thé phan giai hoan
toan bang phuong phap sinh hoc. Chung c6 dic diém tuong tu polypropyle
va vi vy phu hop cho san xuét plastic. Ngoai viéc san xudt “bioplastic”
trong vi khuan, gn ddy ngudi ta dd bit diu tao cdy chuyén gen dé san xuét
hop chét poly (3HB). Van dé nay budc dau da khong thanh cong, cay di tao
ra dugc poly (3HB), tuy nhién cay biéu hién su phat trién kém. Khi nguoi ta
chuyén 3 gen ma héa cho poly (3HB) c¢6 ngudn gbe tir Ralstonia eutropha
vao lap thé cua Arabidopsis thaliana thi thu dugc cay phat trién binh thuong
va san sinh ra poly (3HB) va chit nay dat dén 14% khdi lugng kho. Mot sy
cai tién tiép theo duoc thuc hién trong mot nghién ctru mdi bang viée sir
dung 4 gen. O Arabidopsis thaliana va cdy cai dau, chat trung gian dé tong
hop chat béo va amino acid dugc bién d6i dé tong hop plastic co hiéu qua
hon.

2.3.3. Protein thyuc vat

Viéc san xuét protein trong thuc vat dé dang, nhung lam sach protein
tir md thuc vat kha kho khin va trude hét 13 gia thanh cao. Vi vay, nguoi ta
hy vong vao mdt phuong phép mdi, duge gidi thiu boi Raskin va cong su
niam 1999. Nhimg gen ma hda cho protein dugc gan véi mot promoter va
dam bao cho protein chi duoc tong hop ¢ ré. Tiép theo protein tao thanh co
mot hé théng tin hi¢u, dam bao cho né duogc van Chuyén vao mot vi tri xac
dinh trong té bao. Trong truong hop dic biét protein duge van chuyén vao
mang ludi ndi sinh chét.

Protein di vao mang ludi ndi chit (ER) c6 thé duoc thai ra bén ngoai
va chi & ving ré, vi promoter chi dic hiéu cho ving nay. Nguoi ta dung mot
s6 dung dich mudi dé tach protein mot cach dé dang va vai gia thanh hop 1y.

2.3.4. Cai tao dat

Nong d6 chat doc cao (kim loai nang hodc cac chat thai) ¢ trong dat
thuong 13 hau qua cua qua trinh san xuét cong nghiép. Cac chat nay phai
dugc dot chay hodc phéan giai nho vi khuan Cac qua trinh nay dat tién va
nguy hiém cho nguoi lao dong. Vi vy, gan day cdy bién d6i gen da duogc sir
dung dé loai bo cac chat doc. Nam 1999, 1an dau tién di thanh cong trong
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viée str dung cay chuyén gen dé phan giai TNT (trinitrotoluene), trong do
ngudi ta tao dong gen san xudt enzyme vi khudn (pentathritol-
tetranitratreductase) trong cdy thudc 14, enzyme nay phan giai TNT va chét
tuong tw GTN (glyceryl trinitrate) thanh nhitng chat khong doc.

Tiép theo, ngudi ta dd chuyén mot gen vi khuan ma héa cho enzyme
phan giai thuy ngan Hg-reductase vao cay ho hang vai mgc lan. Cay nay hut
ion Hg tir dat va bién d6i n6 thanh kim loai it doc hon. Viéc loai cac kim
loai nang nhu chi, uran va cadium voi cay bién doi gen da duoc thuc hién.
Vo1 hé théng & mot sb loai thuc vat co thé hat cac kim loai va tich lity trong
cac phan trén mat dit cta né, nhitng phan nay sau d6 duoc loai trir d& dang.
Mot phuong thire dé nang cao cac qua trinh ty nhién 13 ting cudng hd hip
cua cdy, vi kim loai ning cung véi dong nude di 1én cac bd phén trén mat
dat.

2.4. Cay dugec liéu

Thye vat chira mét lugng 16n cac hop chét ¢6 ngué)n géc tho cép, co
ciu tao hoa hoc khong dong nhét va tao nén mot sy da dang. Tac dung chita
bénh ctia mot sd thuc vat da duoc biét tir 1au, va thuc té tac dung cua chung
la nho vao cac hop chét thir cép tdn tai trong cay, vi du thube asparin duoc
san xudt tir acid salicylic c6 trong loai ¢6 tu nhién.

Cac cong ty dugc thuc hi¢n sy tim kiém rong rai va tdn kém céc hop
chat ti nhién c6 duoc tinh. Nhimg chit nay dugc tim ra, phan tich cu tao
hoa hoc va dugc tong hop nhan tao. Rimg nhiét di va san hd ngdm & bién
la nguén tiém nang ddi voi cac dugc liéu van con chua biét.

2.4.1. Alkaloid

Khai niém alkaloid bat ngudn tir chit A rap va biéu dién cac chét c6
trong thuc vat chtra nitrogen, phﬁn 16n 1a di vong va co tinh kiém. Nam
1806, alkaloid dau tién duoc phan 1ap 1a morphin tir cay nha phién (Papaver
sonniferum). Tir d6 dén nay hon 10.000 alkaloid khac nhau dugc tim thay
va da biét cong thirc ciu tao. Mot sé duoc minh hoa trong hinh 2.8. Rét
nhiéu chét trong d6 1a chat doc, giam dau hodc chira bénh (vi du: atropin
hodc morphin) ¢6 ¥ nghia trong y hoc hodc 1a cht kich thich (vi du: coffein
hoac nicotin). C6 y nghia trong chita bénh ung thu 1a cac alkaloid nhu taxol,
da thu duoc tir Taxus brevifolia.
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Trong tién trinh lich sir con ngudi dé sir dung khoang 13.000 loai thuc
vat dugc li€u va ngay nay nhiéu san phém thuc vat con dong mdt vai tro
quan trong trong y hoc. Tu nhiéu duoc liéu tu nhién ma cac loai thudc duoc
téng hop, vi du nhu ciu tao cua atropin 14 co s& dé tong hop tropicamid.

Dé ¢o dugc nhitng cay bién ddi gen véi su ham luong alkaloid cao
hon trude hét phai xac dinh dugc cic enzyme va cic gen ma hoa cia chung.
Mot sb gen ma hoa cho enzyme tong hop alkaloid da duoc biét va da tao
dong dat dugc két qua dau tién, vi du & cdy ca dién (Atropa belladonna)
enzyme hyoscyamin-6p-hydroxylase biéu hién di bién dbi hyoscyamin
(trong g atropin) thanh scopolamin. Trong 14 va chdi cua ching tim thiy
hau hét 1a scopolamin. Thi truong c6 nhu cau 16n vé scopolamin, vi chit nay
thich hop cho nhitng bién doi tiép theo.

0 CH, N—CHa
o ¢ )
A Ve
o N N

<|3H3 HO o) OH

Coffein Morphin

Nicotin

Hinh 2.8. Cong thirc ciu tao ciia mdt s6 alkaloid c6 y nghia.

Trong twong lai thuc vat bién doi gen véi su tong hop alkaloid thay
d6i cang co y nghia, ddc biét 1a nhimng gen cta mot sb qué trinh tong hop
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hoan toan da biét. Tuy nhién, diéu quan trong |a nhimg hiéu biét vé gen va
enzyme tong hop céac alkaloid khac phai duoc giai thich trude hét bang
nhirng nghién ctru co ban.

2.4.2. Chat mién dich

Tiém chung nham muc dich chdng lai nhitng tAc nhan giy bénh nguy
hiém nhu vi khuan va virus. Trude day bénh dau mua, bénh lao, hoac bénh
bai liét 1a mdi nguy hai 16n, ngay nay nho cac bién phap phong ngira va dic
biét nho tiém ching ma it nhat 13 & cic nudc cong nghiép cac bénh nay
khoéng con nita, tuy nhién & cac nudce dang phat trién van con 1a vin dé. Chat
mién dich thuong dugc thu tir dong vat hoac tur té bao nudi céy. Nhiing nam
gan day chat tiém ching (vaccine) duoc san xuét tir thyc vat. Uu diém 16n
nhit 12 sy nhiém ban véi virus gay bénh cho ngudi va nhimg tac nhan gay
bénh khac khong xay ra, vi chung khong ton tai & thuc vat.

Can phéan biét tiém chung mién dich chu dong va bi dong. O mién
dich chii dong tac nhan gay bénh dugc 1am yéu hodc protein duoc st dung.
Nguoc lai, ¢ mién dich bi dong 1a khang thé da dugc tinh sach. Ca hai
phuong phép dang dugc thir nghiém trong hé théng biéu hién thuc vét.

Mot trong nhimg nguyén nhin giy chimg sau ring 13 do vi khuan
Streptococcus mutants. Dé gan dinh vi khuan nay can c6 protein dinh dic
hiéu. Gen spaA ma hoa cho protein ndy duoc tao dong va biéu hién trong
cay thudc 14. Trong thudc 14 chuyén gen protein spaA chiém dén 0,02% tong
) protein 14. Nguoi ta hy vong mot su tiép nhan thirc an thuc vat chira
protein nay cé thé tao ra phan ng mién dich.

Bang cach tuong tu trong khoai tiy tiéu phan B cua cholera toxin c6
ngudn gdc tir Vibrio cholerae dugc biéu hién. Protein nay chiém dén 0,3%
protein hoa tan téng sé trong cay.

Khoai tay thuong phai dugc nau, nén mién dich khong c6 hi¢u qua, vi
vy co ché nay duogc thir nghiém & ca chua. Mot glycoprotein cia virus giy
bénh ché dai duge biéu hién & luong nho trong cady ca chua va trong thur
nghiém di tim thdy duoc mot khang thé don dong. Piéu nay ching to kha
ning san xuét protein va ning lyc ctia phuong phap nay. O salat chat mién
dich cling dugc biéu hién. Su lya chon cay tréng thich hop nhét 1a trong tam
ctia nhitng nd lyc. Mot van dé nita 1a luong chinh xac d6i v6i ngudi phai
dugc kiém tra chit ché.
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Phtic tap hon 13 san xuit khang thé trong thyuc vat. Khang thé c6 y
nghia quan trong & phan tng mién dich ctua dong vat co xuong sdng. Dic
tinh dic biét cia khang thé 14 c6 &i luc 16n véi chét xac dinh goi 1a khéng
nguyen.

Uu diém 16n nhét ctua hé théng biéu hién thyuc vat so v6i vi khuan vé
san xudt khang thé 1a & kha nang két hop va hinh thanh cdu hinh chinh xéac
ctia protein phuc tap. Hé thdng nay rat c6 hiéu qua vi protein véi hé thong
tin hiéu phu hop di tich trir ¢ trong mang ludi ndi chat. Tuy nhién trong
mang ludi ndi chat cta thyc vat va dong vat c6 vii co ché két hop va hinh
thanh ciu trdc dugc duy tri, dam bao cho protein ¢6 chic niang chinh xac.
Két qua cho thdy c6 dén 6,8% protein hoa tan trong thuc vét 1a khang thé va
luong nay cé thé dugce tiép nhan cing vai thire an.

Trudc hét trong thuc vat mot phan cia khang thé, vi du nhu Fab- va
Fv-fragment, da dugc biéu hién. Gan day, nguoi ta da thu dugc khang thé
hoan chinh, nhu khéng thé chdng lai virus type 2 Herpes-simplex, mot
khang thé ciia Adenocarcinome ¢ nguoi va mot khang thé cua protein két
dinh Streptococus mutants. Khang thé cudi co tén goi 1a Guy’s 13, da c6 tac
dung ¢ nguoi. Két qua thir nghiém cho thay su phat trién ciia vi khuan nay &
rang bi tc ché.

Trong twong lai s& ¢4 nhiéu ing dung trong y hoc. Ngoai ra, khang thé
s& dugc str dung dé chdng lai tac nhan gdy bénh ¢ thuc vat. Tha vi 1a dic
diém cta mot s6 khang thé sau khi két hop, {rc ché chiic ning ciia khang
nguyén (antigen). Vi co ché nay thé hién trong té bao sdng, cho phép sir
dung khang thé dé bao vé cay trong. Phat trién cac cay khang bénh, trong d6
cac khang thé dac hiéu biéu hién.

2.5. Thye vt bién doi gen

Hoa va ciy canh ¢ ¥ nghia kinh té rat 1on. Thudng ngudi ta chi nghi
dén doanh thu & cic vuon, viéc kinh doanh hoa, cong vién... Nguoc lai,
cong nghé gen c6 thé dua lai nhiing thay ddi vé dang va mau hoan toan moi,
vi phuong phap truyén thong da dat dén gidi han. Kha ning nay dua vao
viéc tng dung cac két qua nghién ciru co ban vé tao mau va dang hoa.

2.5.1. Thay d6i mau hoa
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Mau hoa dugc xac dinh chu yéu do ndng do cia cic chdt nhu
flavonoid, carotinoid va betalain. Trong khi carotinoid (mau vang/cam) quy
dinh mau vang cta canh hoa huéng dwong, ngudi ta thiy betalain (mau
vang/do) dai dién ¢ ho cdy xwong rong. Vung mau nhidu nhét 13 &
flavonoid, mau vang, do, do thdm, xanh. Céc flavonoid c6 dic diém chung
13 bat ngudn tir khung co ban (Hinh 2.9). Thé hién cic mau khéac nhau 1a do
anthocyanin, c6 ngudn gdc tir khung co ban va duoc tich lity trong khéng
bao. Pac biét c6 y nghia la pelargonidin, cyanidin, peonidin, delphinidin va
petunidin. Nhitng mau bat ngudn tir tén cac cdy ma tir d6 chung duoc phan
1ap ra. Do su hydroxyl héa (gin cac nhom OH), glycosyl hda (gin gbc
duong) hodc acetyl hda (gin mot nhoém acetyl) da dat dugc sy da dang vé
mau sic. Sy da dang nay con do cac yéu t6 khac nhu pH ciia khong bao, tao
phirc hé kim loai va hinh dang té bao. Cho dén nay, hang trim anthocyanin
tir thuc vat dugce tinh sach va xac dinh cdu triic héa hoc. Chirc ning sinh hoc
1a hdp dan con trung trong viéc thy phan.

Su tong hop cac flavonoid da duoc biét chinh xac va dua ra kha nang
thay d6i mau bang ky thuat gen. Piéu kién 1a phan 16n cac gen tham gia
phai dugc xac dinh. Nhitng gen twong tng tir thuc vat ho hang c¢6 thé duoc
phan 1ap d& dang bang phuong phap lai phan tir. Ngoai ra con c6 kha ning
trao doi cac gen tong hop céc flavonoid ciing nhu cic anthocyanin gitra cac
loai thuc vat. Vi du: ¢ Puc, cdy di yén thao bién ddi gen 1a thi nghiém dau
tién duogc dua ra ngoai. Sau d6, nhimng gen diéu khién tong hgp mau nay
cling da biét.

Su thay ddi mau hoa & cay bién ddi gen 1a do su biéu hién ciia mot
gen tong hop nao d6 ma & cdy binh thudng khong c6 hoic ¢ mic thip. O
day str dung phuong phap antisense hodc la dong trc ché (muc 1.5.2 va
1.6.2). Céc vi du cho nhing thay dbi thanh cong vé mau hoa tong két lai &
bang 2.2.

Qua trinh sinh tong hop flavonoid dugc tong quat nhu sau: Bude dau
tién tong hop flavonoid dugc xtic tic bai enzyme chalcon-synthase (CHS)
va tao nén 4, 2°,4°,6’-tetrahydroxychalcon (Hinh 2.9), chét nay tiép tuc duoc
bién d6i thanh naringenin nho enzyme chalcon-isomerase (CHI). Enzyme
flavonon-3-hydroxylase (F3H) thuy phan narigenin thanh
dihydrokaempferol. Chét nay 14 diém khoi dau cho tong hop nhiéu
flavonoid khac. Pac biét co y nghia la flavonoid-3’-hydroxylase (F3’H) va

Cong nghé gen trong néng nghiép 63



flavonoid-3’,5’-hydroxylase. Chung la nhitng enzyme quan trong trong viéc
xac dinh mau hoa, vi chung xtic tac cho su hydroxyl hoa khéc nhau ctia
dihydrokaempferol va cubi ciing tao nén anthocyanidine, chit nay dugc thay
d6i bang cach gin thém duong (Gle) hodc cac nhém thom (Caf).

4-Coumaroyl-CoA & 3x Malonyl-CoA
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Hinh 2.9. Téng hop flavonoid. ANS: anthocyanidinsynthase, Caf: caffeic
acid, CHS: chalkonsynthase, CHI: chakonisomerase, DFR: dihydoflavonol-
4-reductase, F3H: flavanon-3-hydroxylase, F3'H: flavonoid-3'-hydroxylase,
F3'5'H: flavonoid-3',5'-hydroxylase, Glc: glucose, 3GT: flavonoid-3-
glucosyltransferase, Rha: rhammose.

Bang 2.1. Mot s6 vi du vé cAy bién d6i gen v6i mau sic hoa thay doi.

Cay hoa (mau) Bién d6i gen Dic diém méi
Ciic (mau hong) CHS Hoa mau tring
Dong tién (mau do) Antisense-CHS, DFR | Hoa mau hong
Cam chudng (mau hong) CHS Hoa mau do nhat
Cam chudng (mau tring) F3’5’H va DFR Hoa mau xanh
Cam chudng (mau do) Antisense-F3H Hoa mau tring
Da yén thao (mau tim) Antisense-CHS Hoa mau tring

Cay da yén thao bién doi gen c6 mau do hong (cay binh thuong khong
c6 mau nay), dugc dua ra tir Vién Max-Planck ¢ Koeln cho nghién ctru lai
tao 1a do can thiép vao sy tong hop flavonoid. Binh thuong thi cdy di yén
thao tao nén chdt mau cyanidin (d6) va delphindin (xanh). Trong mot dot
bién c6 mau trang, ciy khong tong hop dugc chat mau nay, duoc tao dong
gen ma hoa cho enzyme dihydroflavonol-4-reductase (DFR) c6 ngudn gbc
tr ngd. Nho hoat tinh cua enzyme DFR lam xuat hién chat
leucopelargonidin, dd mang lai cho cay bién d6i gen mau dic trung nay.

Khi nguoi ta dd chuyén gen ma héa chalcone synthase (CHS), mot
enzyme chii yéu trong qué trinh tong hop céc sic t anthocyanin, vao cdy di
yén thao thi thu nhan dugc nhiing cdy c6 hoa mau tring hoic do. Nguyén
nhan la do gen CHS sau khi dugc bién nap da g'fm vao mot vi tri bat ky trén
bd gen cua ciy s& gy ra hién tuong “dong loai bo” (co-suppression), trc ché
su biéu hién cua gen CHS ndi bao din dén sy hinh thanh cic mau mai.

Viéc san xuat cac cdy hoa chuyén gen nhu hoa hong, cam chudng, cuc
va hoa tulip twong d6i don gian. Cong ty Florigen va Suntory da phat trién
hoa cAm chudng chuyén gen (Moondust TM) mau xanh ma cho dén nay
khong thé tao ra duoc bang phuong phap lai tao truyén théng. Thanh cong
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nay 1a nho dua nhimg enzyme tuong tng tir cdy dd yén thao vao loai cAm
chuéng hoa tring (Bang 2.2). Nhitng loai cdy nay di dugc dua ra trong &
cac nudc trong EU. Trong twong lai chac chin s& c6 nhiéu cay hoa bién doi
gen v6i nhiéu mau sic hon.
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Dihydrokaempterol Dihydroquercetin Dihydromyricetin

OO OH
OH

OH OH
Leucopelargonidin
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Dan xuéat Pelargonidin Dan xuéat Cyanidin Dan xuat Delphinidin

Hinh 2.10. So' @6 biéu dién hoat tinh ciia gen Al cé ngudn goc tir ngd
trong cdy da yén thio tring. Nho san pham gen Al la dihydroflavanol
reductase (DFR) ma dihydrokaempferol dugc khur thanh leukopelargonidin,
chat nay sau d6 dugc bién doi thanh sic t6 pelargonidin mau hong dé nho
cac enzyme trong cay.
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2.5.2. Thay d6i hinh dang hoa

ba tr [au con nguoi da can thi¢p vao tu nhién dé tao ra cay hoa dep.
Ngoai ra, dang dot bién ty nhién cling tao ra nhitng giéng mabi. Mot thoi
gian dai nguoi ta khong hiéu co so di truyén cua su phat trién hoa. Tir
nhitng nghién ctru co ban cia cic nha khoa hoc Pic va My, mot sb gen
tham gia vao qua trinh nay da dugc xac dinh. Thi nghiém duoc thuc hién
truée hét ¢ hai loai Antirrhinum majus va Arabidopsis thaliana va da xac
dinh dwoc md hinh ABC ctia su phat trién hoa (Hinh 2.11). M6 hinh nay cho
biét, dai hoa, canh hoa, nhi hoa va bau nhuy tdn tai & ba vung chiic nang
trong cAu tao hoa, duoc goi 1a A, B va C. Mbi ving dugc xac dinh boi mot
hodc nhiéu gen, dugc goi 1a gen A, B va C. Pai hoa xuét hién 1a do hoat
dong cua gen A, canh hoa 1 két qua dong hoat dong cua gen A va B, nhj
hoa 14 do hoat dong ctia gen B va C va bau nhuy 1a gen C.

I cE—
- T —— Cac loai gen va vi tri
biéu hign cta chiing

bai  Trang Nhj Nhuy Nhi  Trang Dai

Trang hoa

Bao phén NUm nhuy

Chi nhi — Vi nhuy

Dé hoa

Hinh 2.11. Su tao thanh cac co quan xac dinh do sw biéu hi¢n ciia 3 16p
gen (A, B va C). Cu tao hoa tir ngoai vao trong: dai hoa, canh hoa, nhi hoa
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va nhuy hoa. O céc té bao chi c6 gen A biéu hién thi xudt hién dai hoa, gen
A va B cung biéu hién thi xuat hién canh hoa, gen B va C cung biéu hién thi
xuét hién nhj hoa, chi ¢ gen C biéu hién thi xuét hién nhuy hoa. O cdy ma
ca 3 loai gen déu bét hoat dugc goi la thé dot bién: tit ca cac co quan giéng
nhu cac 14 nho.

Két qua nghién ctru cho thdy, co s& di truyén cua cdu tao hoa & phan
16n cay c6 hat 1a gibng nhau. Nguoi ta loi dung dic diém nay déi véi cay
bién d6i gen dé thay d6i hinh dang hoa. Vi du: khi 1am ngig hoat dong gen
C thi hoa chi con dai hoa va canh hoa.

2.6. Bat duc dwc nhan tao dé san xuit hat lai

Piéu di dugc khang dinh tir hang trim nam nay 1a, khi lai giita hai
loai thi thé hé con lai (thé hé F;) thé hién sy sinh trudng tot hon va ning suat
cao hon, duoc goi 13 wu thé lai. Hat gidng thu duoc tir phép lai trén, trudc
hét 1a & ngd va sau d6 1a & cac cdy trong khac. Tuy nhién, phan 16n cay tu
thu phan, nén viéc lai khé thuc hién dugc. O ngd bong cd duoc loai bo bang
tay nham tranh hién tuong ty thu phan, nhung phuong phap nay khong ap
dung dugc & phan 16n cac ciy trong khac. Cach giai quyét van dé nay 1a sy
phat hién ra hién tuong duoc goi 1a bat duc té bao chat (CMS), 1am cho hat
phan bt dyc.

Tuy nhién, khong thé sir dung cay bat duc duc trong moi trudng hop,
vi mét sb loai thuc vat nguoi ta chua biét hé théng CMS va mot sé hé théng
CMS khong 6n dinh dudi nhiing diéu kién thoi tiét nhat dinh, do bi anh
huong boi nhitng bién dong vé sinh 1y. Nhitng yéu t6 nay da han ché viéc
san xuat hat lai.

Nhitng cong trinh thir nghiém da chuyén mot phirc hop gom gen rolC
cua A. tumefaciens va promoter CaMV 35S (cauliflower mosaic virus: virus
gdy bénh kham & stp-lo) vao cdy thudc 14 di tao dugc cdy chuyén gen bt
thu. Két qua nay dang duoc nghién ctru va ap dung trén nhiéu loai cay khac.

C6 nhiéu hé théng khac nhau duoc ap dung dé tao ra cay bién ddi gen
bat duc duc, vi du truong hop sau:

Hé théng d3 dugc tmg dung goi 1a hé thong Barnase-Bastar. Barnase
la mdt RNAse, dugc phan 1ap tur vi khuan Bacillus amyloliquefaciens.

Cong nghé gen trong néng nghiép 68



Enzyme nay dugc vi khuan thai ra méi trudng xung quanh va cé kha ning
phan gidai RNA cua cac vi khuan canh tranh. Bén canh Barnase, B.
amyloliquefaciens con tao ra protein Barstar, mot chat wrc ché dic hiéu cua
Barnase. Nho vdy ma n6 ty bao v¢ trude tdc dung ciia Barnase. Xu hudng
tao cdy bién d6i gen bat duc duc duogc chi ra & cay thudc 14 trong cac nghién
ciru co ban. O diy gen Barnase duoc gin v6i mot promoter dic hiéu
tapetum (TA29, bang 1.5) (Hinh 2.12). Nho su biéu hién cua Barnase trong
cac t& bao tapetum ma RNA cua cac t& bao nay bi phan giai va té bao
tapetum chét. Hau qua hat phin bi thoai hoa, thuong thi hat phan duoc cung
cip tir cac t& bao tapetum. Tuong tmg 1a cac thuc vt ndy bat duc duc
(Hinh 2.12). Béi voi cac cay trong cho muc dich thwong mai, diéu can thiét
la cay thé hé sau cta cac cay bat duc duc 1a cay hiru duc, thi qué va hat méi
dugc tao thanh. Piéu nay dat dugc do sy gin promoter TA29 voi gen
Barstar. Trong thé hé sau ciia phép lai & thue vat véi s biéu hién dic
hiéu tapetum ciia Barnase va Barsta xuit hién ciy hiru duc, vi protein
Bastar tao mot phtc chat voi Barnase va Barnase sau d6 bat hoat (Hinh
2.12).

Cay bét duc Cay F1 hivu duc
[TA29] Barnas > [TA29] Barnas >
+
‘ [TA29] Barnas >
S () <
Barnase
l Barnase Barstar

Phan giai RNA trong
té bao tao hat phan

Phirc hé
l Bernase/Barstar

¥

Té bao tao hat phan chét Té bao tao hat phén

l phat trién binh thwéng
Khoéng cé hat phan Phat trién hat phan
binh thwong
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Hinh 2.12 Bét duc nhén tao. Bén trai: Cay trong d6 gen ma hoa cho
Barnase dugc bién nap dudi sy diéu khién cua promoter dac hi¢u tapetum,
13 bat duc vi Barnase phan giai RNA trong té bao tapetum, lam cho té bao
nay chét. Hau qua 1a hat phan khong phét trién. Bén phai: Cay tao hat, vi
mot gen thtr hai (Barstar) duoc dua vao bang phuong phap lai tao. Barnase
két hop v6i Barstar thanh mot phirc chat khong phan giai dwoc RNA. Do
vay hat phan phat trién binh thuong.

Promoter dac hi¢u tapetum duoc diéu khién chinh xéc trong nhiéu
thyc vat mot va hai 14 mam va vi vay hé théng nay duoc tmg dung trong
nhiéu loai cay tréng nhu ci cai dau, ca chua hodc ngd.

Mot két qua khac 1a st dung N-acetyl-L-ornithinedeacetylase c6
ngudn gdc tir E. coli. Khi str dung promoter TA29 sy biéu hién cua gen nay
& cay bién doi gen bi giéi han ¢ té bao tapetum. Nguoi ta phun N-acetyl-L-
phosphinothricin vao thoi diém cay nd hoa, hgp chat nay khong doc va duoc
bién ddi thanh L-phosphinothricin, mot glufosinate & trong cic t& bao
tapetum da 1am chét cac té bao nay.

Gen bét duc duc nhay cdm véi nhiét do cling da duoc chuyén vao lua
nham muc dich san xuét hat lta lai. Hién nay, trén thé gi6i c6 6 gen bat duc
duc nhay cam vdéi nhi¢t d§ da dugc 1ap ban dd phan ti, gen tmsl nam trén
nhiém sic thé 8 (Trung Qudc), gen tms2 nam trén nhidm sic thé 7 (Nhat),
gen tms3 nam trén nhiém sac thé 6 (IRRI), gen tms4 nam trén nhiém sac thé
2 (Viét Nam), gen tms5 (sa-2) nam trén nhiém sic thé 9 (An D), gen bét
duc duc mdi nhay cdm véi nhiét d§ cua Viét Nam cling dugc 1dp ban dd
phan tr ndm trén nhiém sic thé 4. O nudc ta, bang phuong phap nudi cay
bao phan két hop véi chi thi phan tir budc dau thanh cong trong viée quy tu
gen tao vat liéu bd me phuc vu cho cong tac tao giéng lua lai.

Trong nhitng ndm qua, cac nha khoa hoc ¢ Viét nam cling da nghién
clru chuyén gen vao mot sd ciy trong va thu duoc mot sb thanh cong bude
dau. Bang phuong phap bién nap qua Agrobacterium da thu nhan duoc cay
thuc 1a mang gen nptll va gus, cdy dau xanh mang gen bar, gus va gen
khang sau CrylA(c), hai gidng lta DT10 va DTI13 khang thubc diét co,
khang bénh khé van, lta VL 902 khang bénh bac 14, lua khang rdy chia gen
GNA, laa chuyén gen tao B-caroten, ngd va bong chira gen Bt, dau twong
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AR-02, 3950, 5409 khang thudc diét co, khoai lang khang sau duc than, bap
cai CB 26 khang sau to va hoa ctc tuoi lau.
Cau hoi
Xu huéng phat trién cia cdy trong chuyén gen?
2. Cac thanh tyu dat dugc theo hudng tiang tinh khang sdu va bénh cho
cay trong bang phuong phap chuyén gen?
3. Ung dung cong nghé sinh hoc trong viéc nang cao chat lugng nong
san pham trong san xuat nong nghi¢p?

4. Ung dung cia thuc vat chuyén gen trong san xuat hoa va san xuét
hat lai?
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Chuong 3
Cong nghé chuyén gen & dong vat

3.1. Cong nghé gen trong tao gidng vat nudi méi

Muc dich cua cong tic chon giéng va nhan gidng 1a cai thién tiém
nang di truyén cta vt nudi nhim ning cao ning suat va hiéu qua chin nudi.
Trong cong tac nhan gidng truyén théng, nguoi ta st dung chu yéu phuong
phap lai tao va chon loc dé cai tao nguén gen dong vat. Tuy nhién, cac dong
vat thu dugc qua lai tao va chon lgoc con mang ca cac gen khong mong mubn
do t6 hop hai bo nhiém sic thé nguyén ven ciia tinh tring con b va té bao
trimg con me. Mot han ché nita 13 viéc lai tao tu nhién chi thuc hién dugc
gilta cac cé thé cing loai. Lai xa, lai giita cac loai khac nhau, gip nhiéu kho
khan va thuong bat thu do su sai khac b nhiém sic thé gitra bd va me ca vé
$6 luong 13n hinh thai; do ciu tao co quan sinh duc khong tuong hop; do
chu ky sinh san khac nhau, tinh tring cua loai nay bi chét trong duong sinh
duc cua loai kia; do tap tinh sinh hoc... Gén day, nho nhitng thanh tyu trong
cong nghé DNA tai to hop, cong nghé gen dong vat ra doi da cho phép khic
phuc nhitng trd ngai trong cong tac tao gidng truyén théng dé tao ra cac
dong vat mang céc tinh trang mong mudn trong mot thdi gian ngan hon va
chinh xac hon.

Bing céc ky thuat tién tién cua cong nghé sinh hoc hién dai, Palmiter
va cong su (1982) da chuyén dugc gen hormone sinh trudng cua chudt cong
vao chudt nhit, va tao ra duoc chudt nhat “khong 16“ (Hinh 3.1). Tir d6 dén
nay hang loat dong vat nudi chuyén gen da ra doi nhu: tho, lgn, curu, dé, bo,
ga, Ca...

Cong nghé gen dong vat 1a mdt qua trinh phic tap va ¢ nhiing loai
khac nhau c¢6 thé khac nhau it nhiéu nhung phuong thtic co ban bao gom cac
budce chinh sau:

+ Tach chiét, phin 1ip gen va tao to hop biéu hién trong té bao
dong vat

Ngudi ta c6 thé phéan lap duge gen mong mudn tir san pham biéu hién
cta n6 nhu mRNA hodc protein.
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Hinh 3.1. Chudt nhit chuyén
gen hormone sinh truéng co6
kich thwéc 16n hon nhiéu lan
so véi chudt nhiat binh
thwong.

Tr mRNA duédi tac dung cua enzyme phién ma nguogc (reverse
transcriptase) tong hop ra DNA bd sung mach don (single strand
complementary DNA, ss cDNA), tiép theo 1a cDNA mach kép (ds cDNA).
cDNA khéc véi DNA gdc 1a khong chira cac doan intron ma chi bao gom
cac exon. Sy sai khac nay gy anh huong t6i hoat dong cua gen bd tro trong
hé théng té bao dong vat.

Tir san pham protein, c6 thé suy ra trinh ty nucleotide ciia gen cau tric
trén co so trinh tu cac amino acid trong phan tir protein. Piéu nay cho phép
tao ra doan moi (primer) dé do tim doan gen mong mudn.

Gen c4u triic mudn hoat dong dé biéu hién ra protein ma né quy dinh
trong hé thong té bao nhét dinh thi phai c6 promoter thich hop vé6i hé théng
ma no6 hoat dong. Promoter & té bao dong vat co nguén géc hodc tir dong vat
nhu methallothionein (mt), thymidine kinase (tk) hoac tir virus dong vat nhu
simian virus (SV40), rous sarcoma virus (RSV)...

+ Tao co sé vat liéu bién nap gen

O dong vat co vi, giai doan bién nap gen thich hop nhit 13 trimg &
thoi ky tién nhan (pronucleus), 1Uc ma nhan cua tinh tring va trimg chua
dung hop (fusion) voi nhau. O giai doan nay t6 hop gen la ¢6 co hoi xam
nhap vao genome ctia dong vat nho sy tai to hop DNA cua tinh tring va ctia
tring. Do té bao phoi chua phan chia va phan hoa nén t6 hop gen la duoc
bién nap vao giai doan nay s& c6 mit & tit ca cac té bao ké ca té bao sinh san
ctia dong vat truong thanh sau nay.

Truong hop dong vat c6 vii, trimg chin dwoc thu nhan bang phuong
phap sir dung kich duc t6 theo chuong trinh d4 duoc xay dung cho mdi loai
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hodc bang phuong phép nudi cay tring trong éng nghiém (in vitro). Sau d6
thu tinh nhén tao dé tao ra trung tién nhan.

Trudng hop ¢4, bién nap gen thich hop nhét 14 ¢ giai doan phoi co tir
1-4 té bao. Phoi nay duoc tao ra bang cach thu nhan trimg va tinh dich nho
phuong phép sir dung kich duyc t6 (kich thich té sinh dyc trong nhau thai cta
ngudi-HCG, nio thiy thé ca chép) rdi thy tinh nhan tao.

+ Chuyén gen vao dong vit

C6 nhiéu phuong phap khac nhau dé chuyén gen vao dong vat nhu:
phwong phap vi tiém (microinjection), st dung té bao mam phdi (embryonic
stem cell-ESC), phuong phap xung dién (electroporation), st dung vector
VIruS...

+ Nudi cAy phdi trong dng nghiém (ddi voi dong vit bic cao)

Té bao trimg tién nhan sau khi vi tiém duoc nudi cdy in vitro dé phat
trién dén giai doan phoi diu (morula) hodc phdi nang (blastocyst). O giai
doan nay mang trong (pellucida) bi bong ra va phéi c6 thé 1am t6 duge & da
con. Ciy chuyén nhitng phdi ndy vao con nhin di duoc giy chura gia
(pseudopregnant) dé phat trién thanh c4 thé con.

Dbi v6i dong vat bac thap nhu ca khong can giai doan nay. Tuy nhién,
& ca nguoi ta phai tién hanh loai mang thir cip (chorion), kéo dai giai doan
phdi 1-4 té bao va ap nhan tao phoi tran dé tao ca bot.

+ Kiém tra dong vit dwoe tao ra tir phdi chuyén gen

Dé khang dinh dong vat c6 duge chuyén gen la vao hay khong nguoi
ta phai kiém tra xem gen la c6 xdm nhdp dugc vao bd may di truyén cua
dong vat truong thanh hay khong va san pham cuia gen la c6 duoc tong hop
ra hay khong.

Truong hop thtr nhét, ngudi ta st dung phuong phap lai phan tir trén
pha ran (phuong phap Southern blot hodc dot (slot) blot) hodc PCR.

Truong hop thtr hai, phai khéng dinh dugc gen la c6 hoat dong hay
khong. Pé phat hién protein do gen la tong hop nguoi ta sir dung phuong
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phap Western blot hay ky thuat ELISA hoic ky thuat mién dich phong xa
(RIA).

+ Theo déi thé h¢ sau ciia ddng vt chuyén gen dé xic dinh gen la
¢6 di truyén hay khong

Hién nay, viéc nghién cttu ng dung cong nghé gen trong vi¢c tao
gidng vat nudi méi dang tap trung vao cac huéng co ban duoc trinh bay
dudi day.

3.1.1. Tao giéng vat nudi ¢6 tdc d6 16n nhanh, hiéu qua st dung thtrc an cao

Trong huéng nay, ngudi ta tap trung chii yéu vao viéc dua t6 hop gen
cAu tric ciia hormone sinh trudng va promoter methallothionein vao gia suc.
Cho dén nay, nguoi ta da dua thanh céng gen nay vao tho, lon va ctru. Két
qué 1a nhimg dong vat chuyén gen nay khong to 1én nhu ¢ chudt. O Duc,
trong trudng hop & lon chuyén gen hormone sinh truéng lugng md giam di
dang ké (tir 28,55 mm xudng con 0,7 mm) va hiéu qua st dung thirc an cao
hon. O Australia, lgn chuyén gen hormone sinh truéng c6 toc d 16n nhanh
hon d6i chimg 1a 17%, hiéu suat sir dung thiic an cao hon 30%. Tuy nhién,
dong vat nudi chuyén gen hormone sinh trudng cé biéu hién bénh 1y 16n qua
¢& va chua c6 y nghia 16n trong thuc tién. Cac nha khoa hoc ¢ Granada
(Houston, My) di tao ra duwoc bo chuyén gen tiép nhan estrogen ngudi
(human estrogen receptor) c6 toc @6 16n nhanh. Ho di thanh cong trong viéc
dwa gen hormone sinh trudng giéng insulin bo (bovine insulin like growth
hormone) vio gia stic dé tao ra gidng gia stc thit khong dinh md. Dé tao ra
dong vat chuyén gen that sy c6 ¥ nghia trong thuc tién cho chin nudi can
phai tim dugc gen khéi dong (promoter) thich hop. Gan day, Sutrave (1990)
da kham pha ra gen Ski, ma dudi tic dong cia gen niy protein co duoc tong
hop rat manh, trong khi d6 lugng mé lai giam di dang ké. Phat hién nay mo
ra trién vong tao ra giéng lon nhiéu nac, it m&, hiéu suét st dung thic an
cao. Dé tang biéu hién cta hormone sinh truéng nhim ting san luong,
ngudi ta da thanh cong trong viéc tao ca chuyén gen hormone sinh trudng.
Cé chuyén gen hormone sinh truéng nguoi 16n nhanh gép hai 1an so véi ca
d6i chung khong chuyén gen (Zhu, 1985). Cac nha khoa hoc Canada da
chuyén gen hormone sinh trudng tai to hop vao phoi ca hdi dang phat trién
tao ra dugc c4 hoi chuyén gen dau tién. Ca hdi chuyén gen nay khong nhiing
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¢6 chu ky sinh san ngan ma con c6 trong luong 16n gip 11 lan so véi ca hoi
khéng chuyén gen (Hinh 3.2).

Hinh 3.2. C4 hoi chuyén gen hormone sinh truéng c6 trong lwong 16n
gip 11 lan so v6i d6i chirng.

O Viét nam, Nguyén Van Cuong va cong su di va dang nghién ctru
chuyén gen hormone sinh truong nguoi vao chudt, ca vang (Carassius
auratus), ca chach (Misgurnus anguillicaudatus) va c& chép (Cyprinus
carpio). V&i mot sd két qua da dat duoc, viée nghién ctru tao ca chuyén gen
hormone sinh trudng dang duoc tiép tuc tién hanh.

3.1.2. Tao gidng vat nudi chuyén san xuét protein quy ding trong y dugc

Day 1a hudng c6 nhiéu trién vong nhét boi vi nhiéu protein duge pham
quy khong thé san xuit qua con duong vi sinh hodc sinh vat bac thap, do
nhitng sinh vét nay khong c6 hé enzyme dé tao ra nhiing protein c6 cu tao
phuc tap.

Y dinh sir dung tuyén sita cia dong vat bac cao dé san xuat ra protein
quy lan dau tién dugc Clark (1987) dé& xuit. Noi dung cua k¥ thuat nay la
gan gen cdu trac véi P-lactoglobulin (1a promoter diéu khién su biéu hién
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clia gen & tuyén sita). Khi dwa td hop co chira promoter B-lactoglobulin vao
ctru va chuot thi 6ng da thiy chung biéu hién rat cao ¢ tuyén sira (Hinh 3.3).

Promoter  Gen quan tam
B-lactoglobuli

! " Thé hé con chuyén gen duoc
phat hiénh bang PCR

Suw biéu hién cta gen quan
tam dwoc gidi han & md v

San pham ctia gen quan tam
dwoc tiét ra trong sira

Phan doan protein sira

e e e

e

T R

Hinh 3.3. So' d6 qui trinh san xuit protein thong qua tuyén sira.

Cho dén nay, rat nhiéu protein dugc pham quy di va dang duogc
nghién ciru dé san xuét qua tuyén sira ciia dong vat nhu:

- ay-antitripsin va yéu t6 lam dong mau IX (blood clotting factor 1X)
clia nguoi da dugc tiét ra trong sira clru v6i nong do 25 mg/ml.
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- Hoat t plasminogen md cua ngudi (human tissue plasminogen
activator) lam ting déng méau da dugc tiét ra o sira dé.

- Gen urokinase ngudi da dugc dua thanh cong vao lon va tiét ra &
tuyén sita nhd gen khoi dong o-casein cua bo.

- Protein C ngudi dugc tao ra tir sita lon chuyén gen...

GenPharm, mét cong ty Cong nghé sinh hoc cua California, da tao ra
mot bo duc chuyén gen lactoferrin ngudi (human lactoferrin-HLF) ¢6 tén 1a
Herman (Hinh 3.4). HLF c6 chirc ning khang khudn va van chuyén sét ¢
nguoi. Hién nay, nhiéu bo cai thé hé con cia Herman dd san xuat ra sita
chtta HLF va GenPharm c6 ¥ dinh phat trién dan bo chuyén gen nay dé san
xuat HLF thuong mai véi qui mé 16n.

Hinh 3.4. Bo dwc Herman chuyén gen HLF.

Mit khac, cac protein duge pham mong mudn ciing duoc tao ra trong
dich co thé khong thuéc mé v nhu mau. Cho dén nay, phuong phap nay chi
moi dugc st dung dé biéu hién hemoglobin ngudi véi mic cao ¢ lon
chuyén gen (Sharma 1994).

Hién tai, dd c6 hai protein dugc san xuit bang con duong nay 1a oy-
antitripsin ngudi va hoat t6 plasminogen mé cia ngudi. Chéat dau dugc san
Xuat qua sita ctru voi ndng d6 35 g/1, con chat sau san xuét qua sita dé. Hang
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Genetech (M¥) hang nim thu dwoc 196,4 triéu USD tir san phim hoat t&
plasminogen mé v&i gia 2,2 USD/lidu. Hormone sinh truong ngudi ciing 1a
san pham cta k¥ thuat gen do vi sinh vat tong hop véi mirc thu hang nim
122,7 triéu USD. Hién tai, cac nha khoa hoc My mubn gidm gid thanh cua
san phdm nay bang cach san xuat qua sita thd. Nguoi ta du doan gia thanh
san xuat hormone nay qua sita tho chi bang 1/3 gia thanh hién tai san xudt
nhd vi sinh vat. Ly do 13 chu ky sinh san cia tho ngin va luong protein sira
ctia tho lai cao. Trong mot ndm lugng protein sira ctia Sau con thd bang cua
mot con bo.

Tap doan Genzymee Transgenic (My) dd san xudt ra nhiéu loai
protein quy tir sita ctia chudt va dé chuyén gen (Bang 3.1).

Bén canh hai phuong phép trén, cic nha khoa hoc da phat trién dong
vat chuyén gen san xuét ra dugc pham ¢ trong bang quang cta chung. Kha
nang str dung nudc tiéu ctia dong vat dé san xut protein tang 1én vao nim
1995, khi Sung va cong sy (Pai hoc New York) ching minh ring ¢ nhiing
gen chi hoat dong & bang quang. Cac gen nay ma hoa cho protein
uroplakins. Protein nay 1a mot thanh phan tham gia hinh thanh nén mang
bang quang. Kerr (1998) dd nghién ciru tao ra chudt chuyén gen san xut
hormone sinh truéng nguoi tir nude ticu. Gen hormone sinh truéng ngudi
dugc ndi v6i promoter urolapkin. Promoter nay kiém soat vi tri va thoi gian
hoat dong cua gen. Chudt mang gen ngoai lai da tao ra 500 ng hormone sinh
truong nguoi trong 1 ml nude tiéu thai ra. Mic du san pham cia chudt
chuyén gen chi 1a mét lugng nhé nhung chung cho thay ring trong twong lai
nudce tiéu cta vat nudi cé thé sé& duogc lua chon. Nudc tiéu ¢6 nhiing uu thé
vuot trdi so voi sita. Ca dong vat duc va cai déu bai tiét nude tiéu, duoc bat
dau ngay sau khi sinh ra. Nudc tiéu cua cic dai gia suc chia nhiéu protein
hon & trong sita ctia chiing. Mit khéc, trén thuc té chi phi cho viéc tinh ché
thudc tir nudc tiéu thap hon so voi sita. Mot vai protein ¢ thé khong thich
hop d6i v6i viée khai thac tir sira boi vi chiing 1am tén thuong mé v.

Bang 3.1. Mirc d9 biéu hién ciia mdt sé protein trong sira dong vat
chuyén gen.
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Loai protein Chuét (g/l) Dé (g/)
AAT 35 20
Longer acting tPA 6 6
AT I 10 10
BR 96 Mab 4 14
Single chain antibody 1
a-Human transferring receptor 2
Soluble receptor CD4 8
AT Il Syn 1
Antibody fusion protein 1
B-1FN 0,2
Mab 1
Chitotriosidae 2
Galactosyl transferase 1
Sialyl transferase 0,1
GAD 8
Human growth hormone 4
Proinsulin 8-14
Myelin basic protein 4
Single chain antibody fusion 0,2
protein 4
Prolactin 0,2
Soluble HMW receptor 0,001
CFTR membrane protein 0,3
Factor Xa 1
Urokinase 1
Human transferrin receptor MADb

3.1.3. Tao giéng vat nuoi khang bénh va sy thay ddi cua diéu kién moi
truong

Pén nay, nguoi ta da biét duoc mot s6 gen c6 kha ning khang bénh
ctia vat nudi. Tiém gen MXx vao lon dé tao ra duoc gidng lon mién dich véi
bénh ciim. Ngudi ta, cling da thanh cong trong viéc tiém gen IgA vao lon,
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ctru, mo ra kha nang tao dugc cac giéng vat nudi mién dich duge véi nhiéu
bénh...

Trong ty nhién, c4 séng trong nudc lanh & hai cuc qua dat, & bién
nhiét d6i 4m &p va nhitng ving nuéc 6n hoa. O nhimg noi nay diéu kién
nhiét d6 thay ddi theo ngay ciing nhu thay ddi theo mua. Trai qua qué trinh
tién hoa lau dai, c4 dd c6 cac co ché sinh 1y thich nghi v6i nhimng didu kién
nhiét do thay doi nay. Ciing nhu nhiéu loai dong vat khac, ca str dung gen
sdc nhiét dé phan vmg voi didu kién nhiét do ting cao, nhung trong diéu
kién qué lanh mot vai loai ca da tién hoa theo hudng gen chéng lanh. Gen
nay ma hoa protein gitt cho mau khéi dong. De Vries da phat hi¢n ra protein
chéng lanh nay (antifreeze protein, AFP). Theo De Vries, trudng hop cac
loai ca & ving Bic cuc va Nam cuc thi gen AFP biéu hién subt ca nim,
trong khi cac loai ca sdng & ving nude 6n hoa gen AFP chi biéu hién trong
mua déng. Cac protein AFP cho phép ca sdng dugc trong diéu kién nhiét o
thap. Hew (1988) di vi tiém gen AFP cua ca bon mua dong vao ca hdi, tao
ra cac con ca hoi chuyén gen c6 kha nang chiu dugc diéu kién lanh v6i muc
dich mo rong kha niang séng sét cua ca hdi vao mua dong trong cac bé nudi
c4 nudc man. Pay 13 mot thuan loi 16n cho viée nudi trong ngudn thuy san
quan trong nay.

3.1.4. Tao gidng vt nudi cé ning suat va chat luong cao bang cach thay d6i
cac con duong chuyén hoa trong co thé dong vat

Trong hudng nay noi bat 1a nhitng nghién ctru nang cao chat luong
sita bo, sita ctru bang cach chuyén gen lactose vao cac ddi trong quan tim.
Sy biéu hién cua gen nay dugc diéu khién boi promoter cua tuyén sita.
Trong sira cua nhitng dong vt chuyén gen nay, duong lactose bi thity phan
thanh duong galactose va duong glucose. Do vay, nhitng ngudi khong quen
ubng sira ciing c6 thé st dung dugc sita ndy ma khoéng can qua trinh 1én
men.

Hi¢n tai, nguoi ta cha y to1 viéc dua mot sb gen cua vi sinh vat vao co
thé dong vat. Tién bd ndi bat nhat trong hudng nay 1a dua gen ma hoa
enzyme chiu trach nhiém téng hop cysteine vao ctru. Cysteine 12 amino acid
duoc tong hop tir serine nho hai enzyme 13 serine transacetylase va O-
acetylserine sulfahydrylase. Hai gen chiu trach nhiém tong hop hai enzyme
nay la Cys E va Cys K. Cysteine 1a amino acid co ban rit quan trong trong
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su phat trién ciia 16ng. Nhimng cb ging dé bd sung amino acid nay vao thirc
an déu khong dat két qua do chung bi phan huy trong dng tiéu hoa cua dong
vat. Boi vy, néu dua duoc gen téng hop cysteine vao co thé dong vat s&
lam ting nang suat 1ong 1én rat nhiéu.

Tuong tu, viéc dua gen tong hop amino acid co ban nhu threonine va
lysine co ngudn gbc vi sinh vt vao co thé dong vat dé lam ting hiéu qua st
dung thire an cta vat nudi 1a o trién vong trong tam tay.

3.2. Cong ngh¢ sinh san
3.2.1. Siéu bai noén

Su thanh thuc va thu tinh nhén tao cia trung da tang 1én nho ky thuat
siéu bai nodn, cung cip mot phuong tién khic phuc van dé sinh san it hiéu
qua cua vat nudi. Thong thudng, mot budng trimg bo chira khoang 50.000
tring chua thanh thuc. Tuy nhién, trung binh chi 3-4 trong s trimg nay s&
¢6 két qua trong viéc sinh san ra cic bé con trong sudt thoi gian sdng cia
mot bo me. St dung céc k¥ thuat si€u bai noan hién nay, tor mdt con bo da
xtr 1y, cho phép mot 1an c6 thé thu nhan duoc 10 trimg va mot nira s tring
nay phat trién thanh phéi. K§ thuat siéu bai noan cai tién gilp tang s6 luong
trimg thich hop cho thu tinh nhéan tao. Nhu thé sd con sinh ra tir mot dong
vat c6 thé 1a rat nhiéu.

Céc loai hormone nhu FSH, PMSG, HMG, pergonal... thuong dugc str
dung dé gy siéu bai nodn. Cac hormone nay co thé duoc dung riéng ré hay
phdi hop véi HCG hay PGF 20. Thoi gian thich hop dé gay siéu bai noan
thuong nam trong pha thé vang ctia chu ky dong duc.

O c4 nguoi ta thuong sir dung ndo thiy thé ca chép hoic HCG dé kich
thich sinh san nhan tao.

3.2.2. Thu tinh nhan tao

Thy tinh nhan tao (artificial insemination) la k¥ thudt sinh san co
nhiéu loi ich, duge st dung rdng rai va ra doi sém nhat trong tat ca cac k¥
thuat sinh san mai. Thu tinh nhan tao hiy dang con phat trién va ngay cang
duoc cai tién.

Thu tinh nhan tao 1a mot k¥ thuat sinh san bao gdm viéc l4y tinh dich
ra ngoai con duc, danh gia chat lwong tinh dich (ké ca pha lodng va bao ton)
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roi dua tinh dich dy vao dudng sinh duc cua con cai dé dam bao thu duoc
thé hé sau.

K¥ thuat thy tinh nhan tao bao gém cac budc co ban sau:

- Lay tinh. Thudng sir dung phuong phap am dao gia vi nd ¢ nhiéu
vu diém nhu cho phép thu dugc tinh dich thuan khiét, cac phan xa phong
tinh ctia con duc xay ra binh thuong, cu tao cua am dao gia don gian, gan
v6i ty nhién va dic biét 1a dé sir dung.

- Panh gia chat luong tinh tring va pha loang tinh dich.

- Bao quan tinh dich. C6 hai hinh thirc 13 ngan han (tinh l6ng) va dai
han (tinh dong lanh).

- Phat hién dong duc & con cai.

- Dan tinh cho con cai.

Thu tinh nhan tao cho phép mét con duc gidng co thé phdi gidng véi
nhiéu con cai hon so voi kha nang théng thuong va cho phép tién hanh dong
thoi & nhiéu co sé nhan gidng cling nhu dénh gia chinh xac gi tri gy giéng
ctia con duc. Mt khac vi sd lugng cé thé con & doi sau 16n nén c6 thé nén
c¢6 thé 4p dung chon loc chit ché va ¢ thé dua nhanh dan da cai tién vao
phan con lai cia quan thé. Thy tinh nhan tao con c¢6 thé khic phuc dugc tinh
khong tuong hop vé thé trong, vé sinh 1y hay tap tinh giira cac gidng hay céac
loai than thudc. Két hop voi viée chon loc ting cudng va kiém tra hau thé,
thu tinh nhan tao di mang lai hiéu qua 16n trong san xuat sita (Vishwanath
2003, Hansen and Block 2004) va viéc két hop vai gidi tinh cua tinh tring
(tach tinh tring mang nhiém sic thé X va tinh tring mang nhiém sic thé Y,
Seidel 2003) dang bat dau md rong loi ich cia né xa hon nita. O gia suc ndi
chung va bo ndi riéng cé qua nhiéu bénh do giao c4u, thu tinh nhan tao tranh
dugc cac bénh truyén qua con dudng nay.

+ Thu tinh nhén tao ¢ bo

Trong khoang thap nién tir 1940-1950, thu tinh nhén tao & bo sita hau
nhu chi sir dung tinh 16ng do vay cac nha chin nudi it c6 co hdi dé lwa chon
con duc gidng. Pén dau thap nién 1960, tinh déng lanh tré' nén phd bién va
cho phép sir dung rong rai hon cic con dyc giéng xuit sic, c6 thé ngay sau
khi chtng da chét va cho phép cac nha chin nudi tu do lya chon.
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Ddi véi bo thit, viée st dung thu tinh nhan tao it hon ¢ bo sitra. S& di
nhu vay la do vi¢c quan 1y bo thit véi qui moé rong 16n hon da lam cho viéc
phat hién dong duc chinh xac va sau do la xu 1y bo céi dé thy tinh nhan tao
la kho hon..

+ Thu tinh nhan tao ¢ lgn

Nhin chung, ¢ hau hét cac nuoc, thu tinh nhan tao & lon bi han ché
nhiéu. Pidu nay do nhimg kho khin vé mat k¥ thuat ciing nhu nhu cau thip
dbi véi dich vu nay trong san xuét. Khi tién hanh thu tinh nhan tao, tinh dich
lon st dung phai tuoi hodc 72 gio sau khi léy tinh thi méi dat dugc hi€¢u qua
t6t (Mare 1984). Tuy nhién & mét s nudce, chi phi cho phdi giéng nhan tao
13 twong ddi thap hon so vé&i phdi gidng tu nhién nén no ciing duge sir dung
rong rai trong san xuat.

+ Thu tinh nhan tao & gia cAm

Dbi voi gia cam thi viéc 1ay tinh dich 1a d& va gia cam mai c6 thé dugc
thu tinh mot cach nhanh chong. Tuy nhién, chi phi thu tinh nhan tao cho mot
don vi san pham la twong ddi cao do gia cAm c6 kich thudc nho. Béi vi tinh
d6ng lanh cho ty 1¢ thy thai thip nén trong thy tinh nhéan tao ¢ gia cam hau
nhu chi st dung tinh l6ng, mac du cac phuong phap dong lanh da dugc cai
tién hién nay da cho ty 1¢ thu thai cao dbi véi loai tinh nay.

+ Thu tinh nhin tao & ca

Dbi voi ca, khi thy tinh nhan tao tot nhét 13 1y trimg va tinh dich cung
mét lac, nhat 1a khi nhiét dd cao. Thu tinh nhu vay s€ nhanh va c6 hi¢u qua
cao.

Khi 13y tinh dich, mot nguoi dat ca duc vao khan wdt da vat kiét nude,
bung hudng 1én trén, giit cho ca khoi gidy, mot ngudi khac tay phai cam
pipetman, tay trai 4n nhe vao phan giita va dudi ving budng se, vudt vé phia
sau, bo di nhiing giot tinh dich dau tién, roi dwa pipetman vao gan 15 sinh
duc dé hat léy tinh dich. Tinh dich ctia mdi con ca duc nén léy hét trong mot
lan. Tuong tu khi lay trimg, dung tay vudt nhe phan be ciia c4 céi trimg s&
chay ra ngoai.

Cong nghé gen trong néng nghiép 83



Nhu ching ta di biét tring thanh thuc ra khoi budng trimg khong
cung mdt luc ma theo tung dot cho nén thoi gian thu tinh c6 hi¢u qua cua
mbi loat trimg khong déng déu voi nhau, ma viée iy trimg thuong chi lam
mot 1an, do d6 qua trinh thy tinh can phai ¢b gang hoan thanh nhanh chéng.
Hi¢n nay, phuong phép thu tinh nhan tao thong thuong la phuong phap thu
tinh kho. C6 bdn cach thao tac nhu sau:

Cach thi nhit. Sau khi 13y trimg, tuy theo s lugng trimg, cho
nguyén tinh dich di 1y sin vao cdc nhé c6 nude mudi sinh 1y (lugng nudc
mubi sinh 1y gép 10 14n tinh dich) lic déu, rdi twdi déu Ién trimg.

Cich thir hai. Dé rat ngin thoi gian thy tinh trudc khi 1ay trimg, d6
tinh dich d3 hoa voi nudc mubi sinh 1y vao khay thy tinh sau d6 14y tring
cho vao, lic nhe khay thu tinh 1am cho trimg va tinh tring sém tiép xtc véi
nhau.

Hai cach trén déu 1a 1ay tinh dich trude, ldy trimg sau, c6 vu diém 1a
c6 thé giam bét s6 nguoi lam va chuan bi dugc day da sé luong tinh dich
can thiét ngay tir dau, nhung khuyét diém 1a thoi gian thy tinh hoi dai, vao
mua hé nhiét do cao thi khong thich hop lam.

Cich thir ba. Vira 13y trimg vira lay tinh dich. Trong khi lay tring thi
dong thoi c6 mot s6 ngudi khac 1dy tinh dich va tudi nhanh vao trimg. Lam
nhu vay c6 thé rit ngin thoi gian thy tinh dén mic d6 tdi da nhung nhuogc
diém 13 can ting thém sd ngudi lam.

Cich thir tw. Lay trimg trudc 14y tinh dich sau. Sau khi lay tring, truc
tiép vudt ngay tinh dich cua ca dyc vao trimg. Phuong phap nay c6 thé giam
bét thoi gian 14y tinh dich.

Bit ky 4p dung phuong phap ndo, sau khi di tron 13n tinh dich véi
tring ciing can duing 1ong ga sach khudy nhe dé thuc day qua trinh thy tinh.
Thoi gian khudy khoang chimg 30-60 gidy. Sau dé, tir tir cho nuéc sach vio,
vira cho nuéc vira khudy chimg 30 gidy, roi dé yén 30 gidy. Sau cing tiép
tuc cho thém nudc sach vao dé rira trimg, loai bo di nhiing tinh dich, mau
hodc nodn dich thira. Rira 2-3 lan thi cho trimg vao dia petri dé tién hanh
boc mang, tao phdi tran mot té bao chuan bi cho phuong phap vi tiém gen
ngoai lai vao.

Khi cho tinh dich vao trimg, néu thay tinh dich khong tét 1am, c6 thé
ding cach thy tinh hdn hop, nghia 1a dung tinh dich ctia hai hodc nhiéu con
duc. Trong truong hop nhiéu tring nhung tinh dich khong du c6 thé 1y tinh
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sao cua cé dyc cat thanh nhiéu miéng nho, dung nudc muoi sinh 1y rira dé
lay tinh trung. Sau d6 dung vai x6 loc roi su dung.

3.2.3. Cay chuyén phdi va cac cong nghé lién quan

+ Thu nhén phéi

Phuong phap phau thuat va khong phau thuat 13 hai phuong phap
duogc sir dung dé thu nhan phoi ¢ cac gia stic. Thu nhin phdi bang phuong
phap phau thuat 1a phuong phép thu nhin phdi sau khi di mé con vat. Ciing
c6 thé giét chét con vat, cat ldy bo phan sinh duc bén trong mang vé phong
thi nghiém dé doi rira 1dy phoi. Phuong phap khong phau thuat da dugc phat
trién cho bod va ngua cai da cho két qua nhu phuong phép phiu thuat. Hién
nay, day 1a phuong phap phd bién duogc st dung dé thu nhan phéi & gia suc.
Chiing bao gdm viéc sir dung mot éng thong Foley ¢ 18-24 (gdm hai dng
10ng vao nhau), cho phép dan dung dich vao tir cung va sau d6 cho phép
dung dich tir tr cung quay tré ra vao mot vat chira dé chon loc. Mot qua
bong nho & gan cudi dng thong c6 thé duge thdi phong & phia bén trong
stmg tir cung dé ngan can khong cho dich tran ra ngoai ¢6 tir cung. Dung
dich doi rira thu dugc dé lang khoang 20-30 pht, gan bd phan bén trén.
Phoéi dugc tach ra, dua vao dia petri va dugc danh gia & do phong dai 75X.
Phoi séng dugc phan loai va sép Xép dua vao sy biéu hién hinh thai cta
chung. Phoi sau khi danh gia phan loai c6 thé dem chuyén ludn cho vat nhan
d6ng pha (synchronized recipients) hoic dem dong lanh dé sir dung sau. Tt
ca cac phdi séng duge cho vao méi trudng giit da khir tring (DPBS bo sung
v6i 0,4% BSA) theo su chi din cta Hiép hoi chuyén phoi Qudc té.

+ Bdo quan phoi

Pay 1a cong doan dugc tién hanh trude khi cy truyén phoi vao vat
nhén, tao diéu kién thuan lgi cho viéc van chuyén phoi di xa. Phoi dugc bao
quan trong nitrogen long (-196°C) ddi véi tit ca cac vat nudi, trir lon.

+ Nudi phoi

Phoi dugc nuoi cay tam thoi trong cac hé thong song khac nhau nhu
ong dan tring cua ciru chudt, thd; tir cung ciia bo; xoang phiic mac cla
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chudt; xoang i ciia phdi ga. Trong da sd cac trudng hop, phdi duoc boc
bang agar dé bao vé cho mang trong sudt ctia phdi khong bi ton thuong.

+ CAy chuyén phaéi

CAy chuyén phoi (embryo transfer) 1a qua trinh thu nhan phéi tir mot
con cai (con cho) va chuyén sang mot con cai khac (con nhan) dé hoan
thanh thoi ky co6 thai.

Nguyén tic cua viée cay chuyén phéi 1a phoi duoc 1y ra & vi tri ndo
thi cdy tra vao dang vi tri d6 nho sting chuyén phoi.

Phuong phép cdy chuyén phdi dugc st dung dé ting kha ning sinh
san ctia dong vat cai. Hién nay, day la phuong phap pho bién duoc str dung
trong thuc tién chon gidng gia stic ¢ nhiéu nude trén thé gidi. Cac phuong
phap cdy chuyén phdi khac nhau di duoc phat trién. Hiéu qua cua viéc
chuyén phéi phu thudc vao nhiéu yéu t6 nhung quan trong nhit 13 kinh
nghiém va k¥ ning ciia nguoi thyc hién thao tic cdy chuyén phéi. Co hai
phuong phép cdy chuyén phoi: phuong phép phiu thuat va phwong phap
khong phau thuat. Phuong phap ciy chuyén phoi khong phiu thuat c6 mot
s6 vu diém: it ton kém, co6 thé dat ty 1é thu thai cao nhu phuong phap phiu
thudt. Vi vy phuong phap nay da dugc st dung rong rai (Hinh 3.5).

Céy Chuyén phoi khong ph?lu thuat duoc thuc hién béng cach st dung
mot sing chuyén phéi thu nhd xuyén qua cd vao sing tir cung. Cac con
nhan cung lac dugc kiém tra sy c6 mat cua mot thé vang hoat dong (CL-
corpus luteum). Viéc giy té mang cimg (epidural anesthesia) 1a dé giam dén
muc tdi thiéu strc cang. Phoi dé céy chuyén duogc hut vao mdt “cong rom”
0,25 ml & trong mot cft trung tam chira 20 ml mo1 truong gitr (holding
medium) nam ¢ giira hai tai khi. “Cong rom” dugc lap vao sing cdy chuyén
phoi va mdt mang boc vdi dau kim loai duoc lép qua dinh. Sau d6, mdt
mang boc vé sinh dugc quan trén dinh dé tranh bat ky sy nhiém tring nao tir
hé vi khuan am dao. Bay gio, sung chuyén phoi duoc dua xuyén qua am dao
dén ngoai miéng tir cung. Rdi sau d6 mang boc vé sinh duoc xuyén qua va
stung chuyén phoi duoc dua tir tir qua cd va than tir cung dén trén 1/3 sing
tir cung, cung phia voi budng trimg mang thé vang. Piston ctia sung duoc
day cham cham dé dit phoi vao simg tir cung va sung dugc rat ra tir tir.
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Hinh 3.5. Tém tit phwong phap chuyén phdi ¢ bo. 1: Gay siéu rung trimg
bo cho bang gonadotropin. 2: Thy tinh nhén tao (5 ngay sau khi bat dau gay
siéu rung trimg). 3: Thu nhan phdi bang phuong phap khong phiu thuat (6-8
ngay sau thu tinh nhan tao). 4: Ong Foley dé thu nhan phéi. 5: Tach va phan
loai phoi. 6: Bao quan phoi khong han dinh trong nitrogen long ¢ 37 °c
hodc ¢ nhiét do phong mot ngay. 7: Chuyén phoi vao con nhan bang phuong
phap phau thuét hoic khong phau thuat. 8: Chan doan thai bang sd nin qua
vach tryc trang 1-3 thang sau khi chuyén phoi. 9: Sinh dé (9 thang sau khi
chuyén phoi).
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Trong cy chuyén phoi bang phuong phap khong phau thuat, budc
quan trong nhat 1a dua mét dung cu vao nhu sung cdy chuyén phoi dén cd
va stng tir cung. Viée st dung khong can than cac dung cu nhu thé s& lam
tén thuong cd ciing nhu mang tir cung va giy chay mau. Do d6, chi di
chuyén cac dung cu trén khi biét vi tri ctia chung va qua trinh dwa cac dung
cu vao tr cung ludn duogc kiém tra va diéu chinh qua truc trang.

O céc nudc phat trién, ty 1& dau thai & bo sau khi cdy chuyén phoi 1a
60-70% ddi véi phdi tuoi va 55-65% dbi v6i phoi dong lanh. O Viét Nam,
ty 16 dau phoi dat duoc thip hon: 30-40% ddi voi phoi tuoi va 38-44% dbi
véi phoi dong lanh (Hoang Kim Giao 1997).

+ Sinh thiét phéi

Sinh thiét tir phoi sinh déi cung trimg c6 thé xac dinh dugc gidi tinh
va cac dic tinh di truyén cta dong vo tinh. Cé thé hit ra mot it té bao tir
phoi dé xét nghiém hodc ding dao cit mot phan ciia phoi.

+ Thu tinh in vitro

Thu tinh in vitro (in vitro fertilization) 1a mgt k¥ thuat madi cua cong
nghé sinh hoc hién dai nham két hop giita trimg va tinh tring trong 6ng
nghiém dé thu dugc hop tu.

Céc nha khoa hoc da sir dung phuwong phap thu tinh nhén tao dé giai
quyét vin dé tinh hiru thu & ngudi trong nhiéu nam qua. Péi voi gia suc, k§
thuat cong nghé sinh hoc nay duoc sir dung lan dau tién 1a & tho (Daizien
1971), sau d6 ¢ bo va lon (Iritani 1978), & dé (Kim 1981). Nam 1982, mot
con bé dau tién da duoc sinh ra bang thu tinh in vitro (Hanada 1982). T
d6 dén nay ky thuat thu tinh in vitro da dugc ap dung rong rii trong chin
nudi bo & nhiéu nudc trén thé gisi. Noi chung, k¥ thuat thuy tinh in vitro bao
gdm cac budc:

- Trude hét tién hanh thu nhan trimg chua thu tinh tir budng trimg cua
con cai cho (c6 thé sir dung thude gay siéu rung tring hoic khong). Tring
¢6 thé duge thu nhan vao bét ky thoi gian nao cua chu ky sinh san (ddi véi
bo).

- Sau khi dugc nuéi thanh thuc trong tii am (khoang 20-24 gio d6i véi
bo), triing dugc thu tinh véi tinh trung da hoat hoa. Sy hoat hoa tinh trung
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¢ thé dugc thyc hién trong duong sinh duc cia con cai hay trong dng
nghiém v&i moi trudong nudi cay thich hop.

- Nuoi hop tir cho phat trién dén giai doan phoi dau hodc phoi nang.

- CAy chuyén cac phoi thu nhan dugc vao con nhén.

O bo ty 1¢ thy thai tir thy tinh in vitro thuong ndm trong khoang tir 40-
50%.

St dung thu tinh in vitro cho phép khai thac tiém nang sinh san ciia
gia suc cai don thai, rat ngan khodng cach thé hé ¢ cac gia suc c6 vong doi
dai, thanh 1ap ngan hang gen va cong nghi¢p héa nganh chan nuoi.

3.2.4. Tao dong vo tinh dong vat

Tao dong vo tinh (somatic cloning) 13 mot thuét ngir duoc dung dé chi
mot tap hop ca thé (tir hai tré 16n) c6 xudt xi tir mot c4 thé ban dau qua qua
trinh sinh san v tinh. Tao dong vo tinh vat nudi da va dang phat trién voi
mot sd cac ky thuat:

+ Chia tach phoi

V6i k¥ thuat nay co thé cho ra hai hay nhiéu phdi tir mot phoi ban dau,
tao ra hang loat cac ca thé gidng hét nhau vé mit di truyén hay néi cach
khéc 1a tao nén mdt dong vo tinh.

Co hai phuong phap chia tach phoi (embryo spliting): phuong phap
dung kim (Hinh 3.6) va phuong phap dung dao cat. Phuong phép ding dao
thi don gian hon va dé dang hon nhiéu so v&i phuong phap ding kim. Dé
thuc hién chia tach phdi can phai c6 dung dich nudi phéi, kinh hién vi soi
nguoc (inverted microscope), thiét bi vi thao tac dé diéu khién kim hodc dao
cat, kim giir dé ¢ dinh phoi...

Trude hét cho phdi ding dé chia
tach vao dia petri chra dung dich nudi
cay; ¢b dinh phdi bang kim giit; diéu
khién thiét bi vi thao tic dé dich chuyén
dao cit theo hudng thing dung tir trén
xudng hay theo huéng nam ngang sao
h cho ludi daf) dit dung vao giira khoi té
bao phoi; cat phdi thanh hai, chu y thao

Hinh 3.6. Tach phdi bang kim
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tac nhanh, dat khoat va chinh xac; chuyén phoi sau khi tach vao dung dich
nudi méi dé nudi cay khoang 2-3 gid trude khi chuyén vao vat nhan da duoc
gay dong duc dong pha; ciing c6 thé nudi ciy va tiép tuc chia tach lip lai thu
nhén dugc nhiéu phoi hon.

Phéi duoc sir dung dé chia tach it nhat 1a ¢ giai doan 5-7 ngay sau khi
thu tinh (d6i v&i bo). Néu sir dung phoi ¢ giai doan cudi phdi dau hay dau
phoi nang khi khéi té bao du 16m va cac té bao chua biét hoa thi két qua chia
tach phoi néi chung 1a s& t6t hon. Néu chia tach phéi ¢ giai doan phéi dau
thi chi viéc chia khdi mam phéi thanh hai phan déu nhau. Con néu chia tach
phoi ¢ giai doan phdi nang thi ngoai viéc tach ndi phdi bi thi con phai tach
phan ngoai phoi bi. Néu tach phoi & giai doan mudn hon, liic cac té bao da
biét hoa thi ty 1¢ tao nén nhitng co thé toan ven 1a thap.

Vao nam 2001, lan dau tién & Viét Nam cac nha khoa hoc & Vién
Chan nudi qubc gia da thanh cong trong viéc tao mot dong vé tinh bo gom
hai ca thé bang phuong phép chia tach phoi lam doi.

+ Chuyén ghép nhén

Phuong phap chuyén ghép nhan (nuclear transplantation) tao nén cac
dong vo6 tinh da thanh cong & nhiéu loai gia stic nhu ctru, bo, ngua, lon, dé.
Pay 1a mot phuong phap hién dai nham chuyén toan bo vat chat di truyén
(DNA chira trong nhan) tir mot té bao phdi sém vao mot té bao trimg chua
thy tinh d tach nhan di dé tao nén té bao ludng boi (hop tir) va phat trién
thanh phoi.

K thuat chuyén nhan bao gém céc budc co ban sau (Hinh 3.7):

- Trude hét, gdy si€u bai noan, thuy tinh, roi thu nhan phoi t6t nhat 1a &
giai doan phoi dau.

- Tach khdi té bao phoi dau thanh timg té bao riéng 1¢. Céc té bao cho
nay duogc sinh truong dudi nhitng diéu kién dic biét trong moi truong nudi
cdy. Bang cach nay sd luong té bao c6 thé dugc ting 1én. Ciing c6 thé thyc
hién cac bién doi di truyén va chon cac té bao di bién doi nhu mong mubn
dé nhan ching lén.

- Dung hop céac té bao trén véi té bao trimg chua thy tinh khéng nhan
bang xung dién tao thanh phoi.
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- Phoi tao thanh dugc nuodi céy in vitro hodc dua vao nu6i ¢ vat nhan
trung gian thuong la tho hoac ctru.

- Sau mot thoi gian, chuyén cac phoi dd phat trién nay vao cac vat
nhén di duoc gay dong duc dong pha.

K§ thuat chuyén nhan cho phép ting s luong ca thé con ciia dong vat
cai, co thé dat dén hang trim hodc hang ngan. N6i cach khac, né cho phép
c6 thé tao ra cac nhom dong vat gidng hét nhau vé mit di truyén mang mot
tinh trang mong mudn nao d6, dem lai hiéu qua cao trong nhan gidng, trong
cai tién di truyén céac gidng vat nudi.

®
80°9°
—
o ,oo
\
AN

Céc té bao phéi cla DY
thé cho duoc tach ra

Té bao phdi cua thé cho duoc
dat canh trirng va dung hop

‘ C Phéi phéat trién nhw 1 trirng thy tinh méi

bang xung dién

CAc nhiém s&c thé tir trieng chwa thu tinh

Hinh 3.7. K§ thuat chuyén ghép nhan.

3.2.5. Tao dong curu Dolly

Nam 1996, 1an dau tién trén thé gidi mot dong vat da duogc tao dong
thanh cong bdi nha phdi hoc Ivan Wilmut va cong su & Vién Roslin cua
Scotland d6 1a ctru Dolly (Hinh 3.8).

Phuong phap str dung dé tao ciru Dolly c6 thé tom tit nhu sau (Hinh
3.9):

- Té bao trimg clia clru cai gidng Scottish Blackface chua thy tinh & ky
gitra II da dugc loai bé nhan.
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- Té bao tuyén vi cla clru cai gidng Finn Dorset, 6 nim tudi dang &
giai doan 3 thang cudi cua thoi ky mang thai, duoc nudi cdy trong méi
truong nghéo chit dinh dudng dé di vao pha dinh vi cta chu ky té bao (pha
Go).

- Hai té bao trén dugc dung hop bang xung dién.

- Céc té bao phat trién trong mdi trudng nudi cdy thanh phoi. Phoi
duoc céy vao mdt ciru me thay thé d3 dugc tiém hormone can thiét.

- Phoi da phat trién dén giéi han va kiéu DNA di xac dinh Dolly 1a
mot dong vo tinh, 1a ban sao cua ctru Finn Dorset .

Tir 277 phoi tao thanh bang phwong phap ndy da dugc dua vao nudi
cdy, cudi ciing chi c6 mot phoi phat trién thanh thai rdi thanh ciru con. Clru
Dolly sinh ngay 5 thang 7 ndm 1996, c6 trong lugng binh thuong, khong co
biéu hién di dang gi. Tiép theo d6, cac nha nghién clru nay ciing da tao dugc
3 clru con tir cac t& bao cia mot thai 26 ngdy tudi va 4 clru con tir cac té bao
ctia mot phoi 9 ngay tudi.

Hinh 3.8. Ciru Dolly va clru me cta no.

Sau d6 nhiéu dong vat khac da ra doi bang phuong phap nay. Nim
1998, str dung phuong phap vi tiém nhan vao tring da loai bé nhan, cac nha
sinh hoc cua truong Pai hoc Hawaii da tao dong dugc hon 50 chudt nhét.
Cac nha khoa hoc ¢ cong ty PPL Therapeutics & Edinburgh (Scotland) da
cho ra doi 5 con lon tao dong vao ngay 5 thang 3 nim 2000 bang céach sir
dung vat chét di truyén tr mot té bao ciia mot lon cai trudng thanh. Mdt
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nhom céc nha khoa hoc Nhat Ban cling da thanh cong trong viéc tao dong
bé....

Té bao tuyén vi clia ciru nudi Té bao tring
cay trong méi trwong & ky gitra Il
, , |
Lay bét chat dinh dwéng Loai bé nhan

! '

Té bao thé
cho & pha Go

Shock dién

@D/

Hinh 3.9. Quy trinh tao dong ciru Dolly.
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Ciru Dolly da chét vao nim 2003 do bi ung thu phdi, mot bénh phd
bién duoc tim thiy & cac clru gia. Két qua phan tich DNA cho thiy cac dau
ctia nhiém sic thé (telomere) cua ctru Dolly ngén hon so véi binh thuong.

3.3. San xuit vaccine thi y

Vaccine DNA tai t6 hop dwoc diéu ché bang cach bién nap gen khang
nguyén bé mit dic hiéu cta tic nhan truyén nhidm vao E. coli. Muc dich 1a
dé tao dong gen ma hoa protein khang nguyén bao vé va biéu hién cao gen
tao dong nay. Sau d6 protein tinh ché duoc tiém chung vao mét co thé voi
mot protocol chudn va co thé d6 ting phan Gmg mién dich véi protein tai to
hop. Néu thanh cong, sau do co thé da duoc tiém ching s€ dat hi€u qua cao
trong cudc do sirc voi tac nhan truyén nhiém. Phuong phap nay dugc tinh
ché hon nita néu c6 thé xac dinh dugc ving protein khang nguyén bé mit
tr6i mién dich (immunodominant). Pay 1a yéu t6 quyét dinh khang nguyén
bao vé. Cac chudi peptide nho duogc tong hop lién két vi mot phan tir thé
mang va duoc sir dung nhu ngudn khang nguyén duy nhat dan dén phan tng
mién dich bao vé.

Phuong phép nay di dem lai cac két qua to 16n khi 4p dung dé san
xuat vaccine chong sét rét. Bénh sét rét trén thé gidi 1a mot bénh truyén
nhiém dic biét gy nén tinh trang bénh tat va ty 1é tr vong 16n. Nguyén
nhan la do loai ky sinh trung Plasmodium. Cac sporozoite 1a mdt giai doan
trong chu ky song ctia Plasmodium dugc tiém vao trong mau do mudi cai
Anopheles khi n6 1y mau dé nuéi dudng trimg. Giai doan nay biéu hién mot
khang nguyén bé mit cha yéu giy ra phan ung mién dich. Gen ma hoa
khang nguyén nay di duoc tao dong sir dung khang thé don dong dé sang
loc thu vién biéu hién DNA tai t6 hop ¢ E. coli. Thu vién DNA plasmid nay
chira cDNA ciia Plasmodium (da dugc tong hop bang cach sir dung mRNA
sporozoite) dung hop véi mot promoter cia E. coli. Khi biéu hién gen dung
hop, cDNA mi hoa khang nguyén bé mit ciia sporozoite dugc tach ra. Trinh
tu nucleotide ctia cDNA tai t6 hop di tach ra nay cho phép tong hop cac
peptide bat chude (mimicked) epitope troi mién dich. Cong viée chinh dugc
thuc hién & Plasmodium knowlesi, ky sinh tring gay ra st rét & khi, nhung
lai dugc mo rong mot cach nhanh chong dbi voi viée tach chiét cac gen
khang nguyén bé mit tir cac dong gy ra sot rét & nguoi P. falciparum va P.
vivax. Phuong phap nay dang dugc ap dung mot cach rong rai va nhanh
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chong dé san xuat mot s6 vaccine khang virus va khang ky sinh tring (Bang
3.2).

Bang 3.2. Cac vaccine dwgc san xuit bang phwong phap DNA tai t6
hop.

Vaccine Gen tao dong
Virus
Viém gan B Khang nguyén bé miat viém gan B
Cam (HbsAg)
Herpes Hemaglutinin/Neuraminidase

Cac tiéu don vi bao boc khic nhau

A . (various coat subunits)
L& mOom long méng

HIV (HTLVIII, LAV) Protein capsid V{DI
Khang nguyén bé mat
Ky sinh trung

Plasmodium (st rét) ‘
Khang nguyén bé mat sporozoite

Trypanasoma (bénh ngu) ‘
Shistosoma Khéng nguyén be mat merozoite
Giun téc (Trichnella) Khéng nguyén be mit
Giun chi (Filaria) Khang nguyén be mat

Khéang nguyén bé mat

Mot phuong phap khac dugc sir dung dé san xuét vaccine 1a ding
genome virus dau mua tai to hop. Trong phuong phap nay, DNA qui dinh
epitope khang nguyén bé mit tir cac virus nhu viém gan B hodc cum A hay
tir cac ky sinh trung nhu Plasmodium dugc tao dong ¢ trong genome virus
dau mua. Cac gen da tao dong nay dugc biéu hién nhd promoter virus dau
mua. Sy tiém chung virus dau mua tai to hop vao mdt ca thé tao ra sy nhiém
trung cuc bd va sinh san cua virus véi sy biéu hién céc san phém cua gen tur
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genome tai t6 hop. Trong qua trinh nay vat chu biéu hién bénh ddu mua va
khang nguyén tai t6 hop va hy vong ting phan tng mién dich bao vé co thé
v6i ching. Py 1a phuong phap san xuit vaccine da tri (polyvalent vaccine).
Trong vi du mang tinh chit Iy thuyét néu trén, su tiém ching mot vaccine tai
t6 hop chura cac epitope tao dong nay c6 thé lam cho vat chit mién dich véi
bénh ddu mua, viém gan B, cum va Plasmodium.

3.4. San xuét khang thé don dong

Phéan tng cua hé thong mién dich véi bét ctr khang thé nao, ngay ca
khang thé don gian nhét, 1a da dong (polyclonal antibody). Cho du ching ta
tach chiét mot t& bao tiét khang thé riéng 1¢ va dua vao trong méi truong
nudi cay, nd s& chét sau mot vai thé hé do kha ning sinh truéng giéi han caa
tat ca cac té bao soma binh thuong. Van dé nay da dwoc giai quyét khi
Kohler va Milstein phat minh ra k¥ thuat san xuat khang thé don dong vao
nam 1975 va cong trinh nay da dugc trao giai thuong Nobel vao nam 1984.

Té bao B ¢6 kha ning tong hop khang thé nhung khong c6 kha ning
phan chia. Nguoc lai t& bao u tiiy ¢6 kha ning ting sinh khong kiém soat
nhung khong tao thanh khang thé. Kohler va Milstein da tim ra cach két hop
kha ning sinh truong khong gidi han ciia té bao u tay voi tinh dic trung ciia
khéng thé xac dinh trude cua céac té bao lach mién dich binh thuong. Ho da
tién hanh dung hop céc té bio u tiy véi cac té bao B da hoat hoa dé tao ra
cac té bao lai.

Tron cac té bao lach cua chudt da gdy mién dich bang khang nguyén
mong mudn vé&i cac t& bao u tiy. Sir dung mot tac nhan dé cac mang sinh
chat ké sat dé dang dung hop. Tuy nhién ty 1¢ thanh cong 1a quéa thap. Vi
vay, ngudi ta st dung cac té bao u tiy dd mat kha ning tong hop
hypoxanthine-guanine-phosphoribosyltransferase (HGPRT) va mét kha
ning tong hop khang thé. Enzyme HGPRT gitp té bao tong hop purine
bang cach st dung ngudn hypoxanthine ngoai bao. Binh thuong sy ving
mit HGPRT 1a khong c6 van dé gi ddi voi té bao u tay boi vi chung c6 mot
con dudng thir hai c6 thé sir dung dé téng hop purine. Tuy nhién, khi t& bao
c6 mit aminopterin, ching khéng thé st dung con dudng thir hai nay va lic
nay phu thudc hoan toan vao HGPRT d¢ ton tai.

- Chuyén hdn hop cac té bao dung hop vao méi truong nudi ciy nhan
tao HAT (chtra hypoxanthine, aminopterin va thymidine). Cac té bao u tiry
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khong thé sinh truéng duge vi thiéu HGPRT. Céc té bao lach binh thudng
khong thé sinh trudng vo han boi vi thoi gian sdng gidi han ciia ching. Cac
té bao lai c6 thé sinh truong vo han do t& bao lach cung cdp HGPRT va té
bao u tity 14 bat tir.

- Kiém tra dich n6i mdi méi trudng nudi ciy dé tim méi trudng di tao
ra khang thé mong mudn.

- Boi vi méi trudng nudi ciy gdc c6 thé duoc bit diu voi hai hodc
nhiéu té bao lai nén phai tach cic té bao riéng 1& tir mdi méi truong co
khang thé dwong tinh va nudi cdy lai ching.

- Lai tién hanh kiém tra mdi dich ndi d6i v6i khang thé mong mubn.
MJi méi truong nudi cdy lai dwong tinh da duoc bat dau tir mot té bao riéng
1¢ twong Gng voi mot dong va khang thé cua ching 14 khang thé don dong.
Diéu nay c6 nghia 13 m6i moi trudng nudi cdy tao ra mot loai khang thé
riéng biét chong lai truc tiép mot yéu té xac dinh riéng 1é v6i mot khang
nguyén chon trude.

- Tang luong nudi cay doi voi cac dong da thanh cong.

Khang nguyén

—
Té bao lach N\A Té bao u tiv
[ @D @0 @0 | Dung hop

l 1. Nuéi cay trong

O O O moi trvdng HAT
3. Tao dong céc té O O OO 2. Kiém tra khang
bao dwong tinh 1 thé & bé mat
OO000| [OOO0O ;
4. K tra kh
DO00) (0600 Ml

5. Phét trién cac dong dwong tinh

/ Nhan Ién \

- hoac

Thu nhan khang thé don dong
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Hinh 3.10. M6 hinh san xut khang thé don dong.

Nudi cdy té bao lai c6 thé duoc dugce tién hanh bang hai con dudng:

+ In vitro: nudi ciy trong cac binh. San lugng tang tir 10-60 pg/ml.

+ In vivo: nudi cdy trong co thé chudt. Nong do khang thé trong huyét
thanh va trong cac dich khéc cua co thé c6 thé dat téi 1-10 mg/ml.

Khang thé don dong dugc sir dung mot cach rong rdi nhu 1 thude thir
trong chita bénh va nghién ciru. Hién nay, khang thé don dong duoc dung dé
chéng thu thai, tri¢t sinh ¢ gia suc, chén doan c6 thai, lao, hui, va con dugc
ding dé chan doan di cin ung thu néu c6 gin thém déng vi phong xa. Gan
day nhat, khang thé don dong con dugc dung dé phat hién AIDS. St dung
khang thé don dong da nhanh chong di thay thé dan cho mot sb cac phuong
phap mién dich va huyét thanh thong thuong dé phat hién mot khang
nguyén chua biét trén bé mat t& bao, xac dinh mirc hormone dé danh gia
chirc ndng cia tuyén ndi tiét, xac dinh va dinh loai vi sinh vat, phat hién mot
sd protein c6 ¥ nghia trong chan doan ung thu, tc ché phan tng loai thai khi
ghép co quan....

3.5. Sén xuit protein don bao

Protein don bao (single cell protein-SCP) 1a thuat ngit n6i dén sy doc
canh (monoculture) t& bao vi khuan hodc protein tong s tach chiét dugc tir
cac té bao nudi cay tinh khiét ma co thé duoc sir dung 1am ngudn protein bd
sung cho nguoi va dong vat. SCP 1a thich hop d6i vai sy tiéu thy cta con
nguoi va dong vat, dugce xem la thic an céi tién. Str dung sinh khdi vi khuén
1am ngudn thirc dn 1a mot hudng nghién ciru quan trong boi vi lwong thire an
trén thé gidi khong du dé cung cip va ham lugng protein ciia phan 16n vi
sinh vat 1a rat cao (x4p xi 60-80% khdi lugng kho cua té bao). Mit khéac, do
ham lugng methionine, lysine, vitamin va cac chat khoang cao nén SCP
nhiéu dinh dudng hon mdt s6 thirc an thuc vat va dong vat. Tuy nhién, co
mét s han ché ddi voi viée st dung phé bién SCP: ham luong nucleic acid
trong SCP cao ¢ thé nguy hiém dbi v6i stc khoe ctia mot sb co thé véi
nhitng rdi loan nhat dinh; viée c6 thé co cia cac chat doc duoc tiét ra tir cac
co chét sinh truong (vi du nhu kim loai nang) hodc dugc tao ra do vi sinh
vat (vi du nhu xa khuan) doi hoi phai phan tich kiém tra chat lugng ton kém;
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su tiéu hoa cham cua cac té bao vi khuan trong dng tiéu hoa co thé giy ra
cac phan tng khong tiéu hodc di tng & mot sd ca thé; gia SCP dit hon so
v6i cac ngudn protein khac nhu bot dau twong.

Nhiéu loai vi sinh vt khac nhau bao gé)m vi khuén, nAm men, nam,
tao, xa khuan va nhiéu co chat khac nhau da dugc su dung dé san xuat SCP
(Bang 3.3).

Bang 3.3. Cac co chét va vi sinh vat dwgc sir dung dé san xuéit SCP.

Vat liéu tho Vi sinh vat Loai sinh vat
Carbon dioxide Spirulina maxima Cyanobacterium
Nudc stra (lactosse) Kluyvecomyces fragilis N4m men
Alkane dau mo Candida lipolyrica N4m men
Rac cellulose Chaetomium cellulolyticum | Ndm
Methane (Methanol) | Methylophilus Vi khuan

methylptrophus

San xuat SCP dau tién ¢ ¥ nghia da dugc thuc hién ¢ Puc trong chién
tranh thé gidi lan tha nhat. NAm men Saccharomyces cerevisiae sinh truong
trén nude ri duong (ngudn carbon) va mudi ammonium (ngudn nitrogen),
duoc su dung dé 1am dac sup va xuc xich.

Pén nam 1973, ddu m6 dugc xem 13 ngudn tai nguyén ddi dao va re,
do d6 mét sd cong ty dau 16n da bat dau cac du an san xuat SCP st dung
dau mo hodc cic san pham tinh luyén tr ddu mé lam moi trudng sinh
truong. Tuy nhién, sy quan tdm d6i vi cac du an nay da bi giam sat khi gia
dau mo ting 1én. O thap nién 1970, nganh cong nghiép héa hoc Hoang gia
Anh (ICI) da phat trién thanh c6ng qué trinh 1én men methanol lién tuc dé
san xuat SCP thuong mai tir vi khuan Methylophilus methylptrophus (duoc
goi 1a Prutten). M. methylptrophus c6 thé str dung methanol 1am co chét sinh
truong, mac du trong thuc tién methane bi bién d6i thanh methanol va
methanol duoc st dung 1am co chét chinh. Nam 1979, ICI d3 xay dung mot
nha méy c6 kha nang san xuat 50.000 tan SCP/nim. Tuy nhién, mic du ICI
dau tu rat 16n (200 triéu USD) ciing nhu céc thanh tyu k¥ thuat déng ké ciia
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cong nghé sinh hoc, nhung dén khoang nam 1987 thi SCP khong duoc san
xuat & nha may nay nita vi khong mang lai hiéu qua kinh té.

Gan day, ngudi ta dd quan tdm phuc hoi lai viéc san xuidt SCP bang
cach sir dung céac vat li¢u nhu rac, thuc an thwra (vi du cellulosics va nudc
stra). Mot s6 du an su dung céc vi sinh vat ty nhién, trong khi cac dy an
khac lai sir dung cac vi sinh vat da duoc bién ddi di truyén. Tuy nhién, bat
ch'c”ip ban chit cia vi sinh vat nhu thé nao, sy xem xét dudi gbc do kinh té 1a
yéu t§ chinh cta su thanh cong hay that bai. C6 1& mét qué trinh mang tinh
kinh té c6 thé duoc phat trién dé san xuat SCP tir cac san phim ciia viée xur
ly réc.

3.6. San xuit hormone sinh truéng

Escherichia coli

Té bao cla bo

Hinh 3.11. So d0 san xudt hormone sinh truéng bo bang ky thuit DNA
tai t6 hop. 1: Cit plasmid bang enzyme han ché. 2: Gen somatotropin bo
dugc tach chiét tir t& bao. 3: Gen somatotropin duoc chén vao plasmid. 4:
Plasmid tai to hop lai dugc dua vao té bao vi khuén. 5: Vi khuén san xuét
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somatotropin bo sinh truong trong binh Ién men. 6: Thu nhan somatotropin
tir vi khuan va tinh sach. 7: Somatotropin bd dugc dua vao dé ting san
luong stra.

Hormone sinh truong (GH) 13 mét protein dugc tiét ra tir thuy trude
tuyén yén cua dong vat c6 xuong sdng. O dong vat c6 vii, GH can thiét cho
sy sinh truong va phat trién. Trudc day, khi can sir dung ngudi ta phai tach
chiét GH truc tiép tir tuyén yén, do do chi phi qua dat, gia thanh qué cao.
Nho nhitng thanh tuu trong linh vuc cong nghé DNA tai to hop, ngudi ta da
san xuét va dua ra thi truong nhiéu loai hormone sinh truong phuc vu cho
chan nudi tht y nhu hormone sinh truong bo (bGH), hormone sinh trudng
lon (pGH)...

Gen ma hoa hormone sinh trudng somatotropin 1a gen hormone sinh
truong dau tién duoc tao dong thanh céng. Vao nam 1994, Monsanto di san
xuat thuong mai somatotropin tai t6 hop cia bo (bovine somatotropin-BST).
Céc nong gia san xuét bo sita da bat diu bo sung hormone sinh trudng nay
vao ché do an hang ngay ctia bo dé ting kha niang cho sita ctia chiing (Hinh
3.11). Somatotropin tai t6 hop con dang dwoc thir nghiém nhu 1a mot
phuong phap dé ting trong lugng co cia gia suc va lon ciing nhu diéu tri
céc r6i loan ciia ngudi do nhuge ning tuyén yén gay ra.

Cau hoi

1. Hay trinh bay cac budc co ban trong qui trinh tao dong vat chuyén gen?
2. Tai sao noi Cong ngh¢ tao dong vat chuyén gen la mot huong cong nghe
cao cua Cong ngh¢ sinh hoc hién dai phuc vu san xuat va doi song?

3. Cong ngh¢ sinh san ¢ dong vat va cac img dung cua ching?

4. Cac phuong phap san xuat vaccin tha y tai to hop?
5. K¥ thuat san xuét khang thé don dong?
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Chuong 4

Nhirng l¢i ich va thach thirc cua
cay tréng chuyén gen

Cay trong chuyén gen (transgenic crops) hay con goi la ciy trong bién
d6i gen (genetically modified crops) (Hinh 4.1 va 4.2) hién dang la van dé
duoc ca thé gioi tranh luan. Song khong thé phu nhan hiéu qua cua no trong
san xuat cung loi ich kinh té rat 16n do né mang lai. Hién nay, céng nghé
sinh hoc trén thé gi6i phat trién véi toc do chong mit, riéng trong nong
nghiép di c6 hon 60 triéu ha gieo trong bang cac giéng cay bién doi gen
nhu: ngo, lha, dau tuong, bong, hoa hudng duong, khoai tay, du du...

Cay trong chuyén gen voi ning suat va chat luong cao da dem lai lgi
ich khong 16 cho nhing qubc gia co6 nén cong nghé sinh hoc tién tién. Pong
thoi giam duoc viée st dung thude trir sau-phan bon hda hoc vén lam suy
kiét tai nguyén thién nhién va pha v& can bang sinh thai, anh hudng nghiém
trong dén khi hau toan cu.

Nhiing nghién ctru hién nay cho phép tao ra céc loai ciy luong thuc
“thé hé dau tién” c6 kha ning chdng lai cac stress ctia moi truong nhu han
han, su thay doi nhiét d6 dot ngdt hay dat nhidm main... Cac nha khoa hoc
trén thé gidi dang nghién ctru “thé hé thir hai” clia cac san pham cong nghé
sinh hoc-nhitng san pham mang lai loi ich truyc tiép cho ngudi tidu dung.
Ching han, cay “lta vang” c6 ham luong B-carotein cao, hodc gidng khoai
tdy cong nghé sinh hoc ¢6 ham lugng protein cao hon giéng binh thuong.
Cay trong cling c6 thé tao ra cac loai vaccine thuc pham (edible vaccine),
dem lai nhitng loai thudc co chi phi san xudt va bao quan thap. Pay la mot
trong nhiéu nghién ciru miii nhon nham thuc day phat trién nganh luong
thuc cling nhu dugc pham thé gii. Nhing trién vong ma cay chuyén gen
mang lai la vo cung to 16n.

Hién nay, cac mat trai ma ngudi ta d& cap vé cong nghé sinh hoc néng
nghiép van con dimng lai & khia canh Iy thuyét va kha nang. Con nhiing wu
diém cia loai cong nghé nay da duogc thuc té chimg minh va kiém nghiém.
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Hinh 4.1. So' dd chuyén gen théng qua Agrobacterium tumefaciens.
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Hinh 4.2. So 6 chuyén gen bing sting bin gen.

4.1. Sir dung cay trong chuyén gen

Hién nay, nhitng san pham luong thuc-thyc phadm do céng nghé sinh
hoc tao ra dd c6 mit trén thi truong. Nhitng ciy trong duoc bién dbi gen van
gidng nhimng cay trong truyén théng nhung ching c6 thém mot sb dic diém
dugc cai thign. Chung khong nhiing c6 191 cho nong dan ma con cho ca
nguoi tiéu dung. Nguoi nong dan gat hai dugc nhiing vu mua boi thu, trong
khi nguoi tiéu ding quanh nim lai c6 nhiéu loai san pham dé lya chon.
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Ngoai ra, nhimg giéng mai duoc tao ra bang cong nghé sinh hoc con c6
tiém nang bao vé mai truong.

Trén thi truong hién nay, dﬁrcé mdt sb loai ciy trong cong nghé sinh
hoc dugc cai thién tinh trang va chat lugng nhu:

- C6 kha niang chéng chiu bénh.

- Cho phép giam sir dung thudc trir sau.

- Tang thanh phan dinh dudng.

- Tang thoi gian bao quan (Bang 4.1).

Bang 4.1. Mét s6 cay trong cong nghé sinh hoc chi yéu hién nay.

Cay trong Pic diém méi
Cai dau Khang thudc diét co
Cai dau Ham lugng laurate cao
Cai dau Ham luong oleic acid cao
Ngb Khéng thudc diét co
Ngo Khéng c6n trung
Bong Khang thudc diét co
Béng Khang con tring
bu du Khang virus
Khoai tay Khéng c6n trung
Khoai tay Khéng virus
Pau tuong Khéng thudc diét co
bau tuong Ham lugng oleic acid cao
Bi Khéng virus
Ca chua Chin chim
Cachua Khéng virus

Cha thich

- Thube diét ¢6 (herbicide): Cac Vchét hoa hoc thuong xuyén duge su dung trong
ndng nghiép dé kiém soat co dai von gy anh hudng ti nude, anh sang va cac chat
dinh dudng trong dat.
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- Laurate: Mu01 cta lauric acid, mdt acid béo quan trong c6 trong xa phong va cac
chat tdy, c6 ngudn gdc cha yéu tir ddu dira va diu co. Loai ddu cai méi ndy dang
dugc dung trong cong nghiép thie pham dé 1am 16p phi ngoai keo chocolate, banh
ngot, 16p kem, bo, thim chi né con duge st dung trong cong nghiép my pham.

- Oleic acid: Pay la acid béo c6 mot lién két khong no. V& goc do dinh dudng thi
nhitng chat béo khong no dugc xem la tot hon so vdi cac chat béo no co & thit bo,
lon, phomat va mot so thirc an thudng ngay khac.

- Ng0 va bong khing con trung (sdu duc than): La loai ngd hodc bong chuyen
gen san xuat mot loai protein tinh thé (crystal protein) c6 ngudn gdc tir vi khuan dat
trong tuy nhién (Bt-Bacillus thuringiensis). Protein nay cho phép cdy ngd hodc cay
bong co kha niang khang 6n dinh déi voi sau dyc than. Ngb Bt ciing lam giam su
nhidm doc do ndm trén nhimng vét thuong ha (Hinh 4.3).

Hinh 4.3. Ngb chuyén gen khang con tring ¢ Mexico.

- Pu du khang virus: Pu du mang mot gen cua virus ma hoa cho protein vo (coat
protein: thanh phan cua virus, chirc ning co ban cua cac protein vo 1 bao vé thong
tin di truyén cua virus) cua virus ddm vong & du du (PRSV). Protein nay tao cho
cay du du kha nang tu bao v¢ chéng lai PRSV. Mot gen tu nguén bénh da duoc su
dung dé khang lai chinh n6 (Hinh 4.4).

- Khoai ty khang con triing: Khoai tdy mang mot gen san xuat protein khang siu
tao cho n6 kha nang ty bao vé trudc bo khoai tay Colorado (Hinh 4.5).

- Khoai tay khang virus: Pi c6 mot vai giéng khoai tdy dwoc chuyén gen nhim
khang virus xodn 14 khoai ty (PLRV) va virus khoai tdy Y (PVY). Loai khoai tay
nay dugc chuyén gen cia virus dé ty khang lai virus.
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- Bi khang virus: C6 kha nang khang virus kham vang zucchini. Phuong phap
cong ngh¢ sinh hoc nay tict kiém dugce chi phi chong rép cay (vector mang virus)
va tir 6 giam hoac han ché hoan toan viéc st dung thudc trir sdu (Hinh 4.6).

- Ca chua chin chim: La loai thyc pham chuyén gen dau tién dugc san xuét & cac
nude phat trién. Gidng ca chua niy ¢ thoi gian luu trén quay ban hang dai hon. N6
mang mdt gen lam chdm qua trinh trinh mém qué tu nhién khi qua chin. Loai nay
gilt dugc trén cay lau hon so voi cac giéng khac, vi vy co thé bao quan tuoi lau
hon. Hon nita, thoi gian luu giit trén quay ban hang dai hon di ting gia tri thuong
mai sau thu hoach va bao quan, gidm gia thanh san phém.

Hinh 4.4. Cay du du trong & Thailand. Bén phai hinh A 14 cdy chuyén gen khéng
virus ddm vong va bén trai hinh A 1a cdy khong chuyén gen (bén trai hinh A). Hinh
B gi6i thiéu cac qua du du chuyén gen di phat trién khoe manh.

Hinh 4.5. Khoai tiy chuyén gen khang cén tring.
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Hinh 4.6. Bi chuyén gen khang virus kham vang zucchini. A: Rudng bi chuyén
gen. B: Qua bi khong chuyén gen bi nhiém virus (bén trai) va qua bi chuyén gen
phét trién binh thuong.

Nhin chung, viéc str dung cac gidng cdy trong chuyén gen c6 thé dem
lai lgi nhuén dang ké cho céac nuée dang phat trién. “Thé hé dau tién” cua
nhiing giong cdy nay di chimg minh dugc kha ning ting ning suét ciy
trong, giam gia thanh san pham, ting loi nhuan noéng nghiép va gép phan
bao vé mdi truong. Hién nay, cac nghién ciru dang hudng dén cac cay trong
bién d6i gen “thé hé thtr hai”, tap trung vao viéc ting chit luong dinh dudng
va kha ning ché bién. Cac giéng cay trong nay sé khang dinh dugc gia tri
ctia chiing & nhiing qudc gia c¢6 hang triéu ngudi dan bi thiéu hut thyc pham.
Tuy nhién, liéu cac thuc phadm cong nghé sinh hoc ndy c6 an toan hay khong
chung ta s& thao luan trong cac phan sau.

Hinh 4.7. Piu twong chuyén gen khang thudc diét co.
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Hinh 4.8. Ca chua chuyén gen khang virus kham ¢ ciy dwa chujt CMV
(cucumber mosaic virus). A: Ciy khong chuyén gen bi nhiém CMV. B: Cay
chuyén gen sinh trudng binh thudng.

4.2. Cac nghién ciru vé si an toan ciia cAy chuyén gen
4.2.1. X4c nhéan sy chuyén gen bang hat phn

Cho dén nay, khong c6 hat phin cua loai cay trong chuyén gen nao
dugc han ché kha nang phat tan. Diéu nay c6 nghia 1a trong twong lai can
phai xac dinh va quan 1y su dich chuyén cta hat va hat phan. Cac phuong
thirc quan 1y nhu cach ly khong gian va thoi gian ¢6 thé duge s dung dé
han ché su luu chuyén gen (gene flow) giita ciy trong, han ché hat sot lai
trong dat va cay sot lai sau khi thu hoach. Viéc st dung ving céch ly, rao
can cay tréng va céc rao can thyuc vat khac gitra nguén tao va noi nhan hat
phan ciing c¢6 thé 1am giam mirc do phat tan hat phan. Thoi gian hat phan &
trong khong khi ciing kha dai, do d6 c6 thé phat tin dén khoang cach kha
xa. Nghién ctru ciia Reheul (1987) da ghi lai su phat tan hat phin nho gi6 co
khoang cach 1000 m. Tuy nhién, diéu kién thoi tiét va moi trudng thay doi
c6 thé gy ra su phat tan & nhitng khoang cach xa hon. Céc bién phép cach
ly sinh hoc dang dugc phat trién dé xac dinh liéu sy sinh san & cay trong co
thé kiém soat dugc hay khong dé tranh su giao luu gen qua hat hodc hat
phan.

Pic biét ¢ cac giéng hoac dong cé cay bat duc duc, sé xay ra hién
tuong lai xa voi gidng bién d6i gen hitu thu véi tin sé cao hon va khoang
cach xa hon so v6i gidng truyén thong. Su tich liiy gen (gene stacking) da
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duoc quan sat & cdy trong va nguoi ta du doan 13 cdy trong mang gen da
khang sé& trd nén phd bién sau khi cay trong chuyén gen dugc phép dua vao
thi truong, va vi vy cdy moc hoang bién ddi gen s& phai can cac bién phap
di¢t co khac.

Céc nghién ctru cho thdy phan 16n su thu phin chéo xay ra & khoang
cach ngin va kha ning thy phin thanh cong giam theo ham mii so véi
khoang cach tir ngudn phat ra hat phan. Theo Timmons va Thompson
(1995), & pham vi ndng trai van c6 su luu chuyén gen & mirc d rat thip xay
ra trén khoang cach kha xa, vi vay su tach biét hoan toan vé mat di truyén
rat kho duy tri.

Trong khi hat phdn déng vai trd quan trong trong su phat tan theo
khong gian thi hat giéng dong vai trd quan trong trong su phat tan theo thoi
gian. Vi vay, khi cach ly cay trong chuyén gen véi cdy trong khong chuyén
gen phai tinh dén chuyén trudc d6 ciy trong chuyén gen c6 dugc trong trén
cung manh dit d6 khong va tdp quan canh tac co gay ra su di chuyén cac hat
gitta cac manh rudng hay khong.

Su luu chuyén gen gitta cay bién doi gen va ho hang cua nd con tiy
thudc vao loai tinh trang gen chuyén quy dinh, dic diém sinh hoc cua ciy
(thu phan chéo hodc ty thu phin) va bdi canh nong nghiép (hé théng cay
trong, t6 chirc khong gian giira cac thira rudng). Raybould va Clarke (1999)
cho rang vi gen chuyén tuan theo quy luat di truyén Mendel nén sy luu
chuyén gen giita cac quan thé ty nhién 13 mot “mé hinh sinh hoc phu hop”
cho viéc du doan sy luu chuyén gen trong va giira cac quan thé ciy trong va
ho hang cua chiing.

Dudi ddy 1a mot s6 10di cay trong quan trong dugc mo ta 1a co nguy
co luu chuyén gen giita cic cdy trong va tir cdy trong vao cdy hoang dai ¢
mirc d¢ tir thap dén cao.

+ Cay cai diu

Cai dau duoc xem 1a cy trong chuyén gen c6 nguy co luu chuyén gen
sang cdy trong khac va sang ho hang hoang dai & mtrc d6 cao. Cai dau lai
dugc v6i mot sd ho hang hoang dai, vi vay c6 kha nang luu chuyén gen vao
cac gidng nay.
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Tinh trang chii yéu trong cdy cai dau chuyén gen 1 cac gen khang
thudc diét co. Ngoai ra, ching ciing da duoc bién nap dé thay doi vé luong
va loai dau tao ra, vi du: tang ham lugong stearic acid va dua gen san Xuét
lauric acid vao.

C6 thé str dung cac hé théng quan 1y dé giam thiéu sy phat tan hat cay
cai dau bién dbi gen, giam thiéu sd lugng hat giéng/m? va quin thé cay moc
hoang. Nguoi ta dd dé& xuat khoang cach 100 m dé ngin cach gitra cay cai
dau chuyén gen va dong cai dau binh thudng c6 kha ning sinh san ddy du.
Tuy nhién, dén nay ngudi ta dd biét 15 cac dong hoidc giéng cai dau c6 cay
bat duc duc s& lai xa voi dong cai dau chuyén gen & tan sd cao hon trén mot
khoang cach xa hon.

+ Cay cu cdi dwong

Hat phin tir cdy cu cai duong da duoc ghi nhan phat tan ¢ khoang
cach hon 1 km véi tan s6 kha cao. Thu phan chéo & cay trong ldy cu thuong
khong duoc dit thanh van dé vi chung dugc thu hoach trudce khi ra hoa. Tuy
nhién, mot sd cy trong sé& lot ra ngoai va sy luu chuyén gen giita chling van
c6 thé xuat hién. Lai xa va nap gen (introgression)1 giita cti cai duong trong
va giéng hoang dai dugc chimg minh 1a ¢ xay ra.

Cho dén nay, cac nghién ctru ¢ ci cai duong chuyén gen chil yéu tap
trung vao tinh khang thudc diét co va virus. Cu cai dudng 1a mot cay trong
14 rong va phat trién cham, do d6 kha nang canh tranh véi co dai thép.
Thong thudng, ngudi ta phai dung thudc diét co lidu thap va lap lai nhiéu
lan dé kiém soét co dai. Bién phap nay rat tén kém va diéu kién thoi tiét
cling thuong l1am gidam hi¢u qua cia thudc diét co. Vi vay, viéc tao ra cu cai
duong khang thude diét ¢o 1a mot trién vong hip dan cho ngudi canh téac.

Hién nay, nguoi ta da chuyén hai gen khang virus gay bénh ¢ 1é& va
virus gdy vang 14 vao cu cai duong. Mot kha niang khac 1a chuyén cac gen
khang sdu bo vao cu cai dudng dé kiém soat rép vimg (vector mang virus
gy bénh vang 13). Tuy nhién, nghién ciru vé gen chuyén khang rép vimng
dang con ¢ giai doan so bd.

' Con goi 14 chuyén gen, tirc 1a chuyén mét vai gen tir loai nay vao loai khac c6 bd
genome ludng boi day du.
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Do cu cai duong thu hoach ct nén ty 1¢ cay trong that thoat ra ngoai
thap hon 1%, vi vay su luu chuyén gen do phat tan hat phin giita cic cay
trong thu hoach cii 1a rat thap.

Hat giéng cua dong cu cai dudng mang cic gen thich nghi v6i moi
truong c6 kha ning anh huong dén hé sinh thai hodc da dang di truyén cua
cu cai dudng hoang dai, vi thé can cach ly gidng chuyén gen dé han ché dén
mure tdi thiéu sy luu chuyén gen.

O cu cai duong hién twong luu chuyén gen gian tiép théng qua hat
cling 1a mot van dé dang quan tdm. Nghién ctru cho thiy hat ca cai duong
ton tai trong dat trong mot khoang thoi gian dang ké. D¢ tranh sy luu
chuyén gen tir cdy trdng vao cdy hoang dai nén luan canh dé giit cho sd
luong hat gi(‘)ng/m2 duy tri & muc cao.

+ Cay khoai tay

Thu phan chéo giira cac cdy trong bang cu thuong khoéng duoc dat
thanh van dé, vi cu sau khi thu hoach khong bi 4nh hudng boi hat phfin bam
vao. Tuy nhién, ¢ cac khu vuc san xuat hat giéng, kha ning thy phan chéo
gilta cac cdy trong canh nhau dan dén tap nhiém giéng khé cao. Nguy co luu
chuyén gen 1a c6 néu dé cdy moc hoang phat trién trong rudng tir vu nay
sang vu khic. Kha ndng lai xa va nap gen gifra khoai tdy va cac ho hang
hoang dai ctia né 1 rat thap.

Céc tinh trang dugc bién nap gen ¢ khoai ty gdm: khang nim, sau bo
va giun tron, khang thude diét co, thay do6i thanh phan tinh bot, chéng chiu
stress va chong bam dap cil.

Mirc d6 phét tan hat phan ¢ khoai tay thay doi tiry thudc vao gidng,
diéu kién thoi tiét lac ra hoa, su c6 mit va tan sd cua cac vector thu phén.
Pa sd cac nghién ciru thyce dia da két luan kha ning phat tan hat phin xau ra
trong khoang 20 m.

O chau Au, sy phat tan hat phin tir khoai tiy bién ddi gen it c6 kha
ning anh hudng tryc tiép dén ciy trong thu nhan hat phan vi san pham thu
hoach khong bi anh hudéng dén qua trinh thu phin va tao hat. Ngoai ra,
khoai tiy dugc trong bang cu thay vi hat vi vay su tap nhidém cay chuyén
gen s& khong truyén cho thé hé con. Tuy nhién, & nhiing qudc gia kém phat
trién gieo trong bang hat gidng c6 nhiéu loi thé, vi vay su thu phan chéo dan
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deén tap nhiém gilta cac vu mua. Ngoai ra, néu dé ci moc hoang phat trién
cling s€ dan dén nguy co nhiém cay chuyén gen vao cay truyén thong.

+ Cay ngo

Pugc xem 13 loai cdy trong c6 nguy co luu chuyén gen giita ching &
murc d6 tir trung binh dén cao. Bang ching cho thiy ngd bién d6i gen thu
phin chéo v6i ngd binh thudng & khoang cach bang va 16n hon khoang cach
cach ly dé xuat 1a 200 m.

Viéc chuyén gen & ngd bang Agrobacterium da khong dé& nhu ¢ cac
cay trong khac. Phuong phap thanh cong nhit dé dua gen vao ngd 1a bin
gen (bombardment) vao mé nudi cdy va tai sinh cdy. Ngudi ta da dua gen
khéng khang sinh va gen chdng chiu cac loai thudc diét co nhu: glufosinate,
glyphosate va bialaphos vao ng6 (Harding va Harris 1994). Mt thanh cong
dang ké khac 1a dua gen biéu hién doc t6 Bt vao ngd dé kiém soat s6 luong
sau bénh. Tuy nhién, cong nghé nay dang d6i mat véi trd ngai 16n theo sau
bao cao gan ddy vé anh hudng xu dén au tring buém sau bong tai (Danaus
plexippus).

Céc két qua nghién ctru cho thay nho gié hat phan ciia gidng ngd nay
c¢6 thé thy phin cho cac gidng ngd khac cach xa 800 m. Khoang cach cach
ly dé duy tri do thuan khiét 99% gitta hai thira rudng 1a 200 m, d6 thuin
khiét 99,5% 1 300 m. Kha ning tic dong ciia hat phan ting lén theo kich
thude va sé luong rudng trong trang trai (Treu va Emberlin 2000). Mac d6
thu phén chéo trong cung mdt ruong phu thudc vao do rong cua rudng thay
vi dién tich néi chung. Két qua nghién ctru con cho thiy 5 ludng dau tién
bén canh ngudn gy tap nhiém c6 chirc nang lam 1a chan d6i v6i su phat tan
hat phén. Cac ludng tiép theo chi co chirc nang lam lodng d¢ giy tap nhiém.
Ty 1& thu phan chéo véi cac dong ngd khac & gan dé phy thude vao cac yéu
t6 nhu khoang céach, rao can dbi véi su di chuyén hat phén va diéu kién thoi
tiét va dia hinh & d6. Néu c6 hién tuong nap gen giira giéng chuyén gen va
gidng binh thuong thi xac suit cdy moc hoang rat thap vi kha nang sinh san
ctia nd bi han ché boi cac dic diém nhu khong thé rung hat ti nhién.

+ Lia mach
Pugc xem 1a ¢6 nguy co luu chuyén gen giita cac cdy trong va giira
cay trong véi ho hang hoang dai & mirc d6 thap. Thu phan chéo trong diéu
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kién thuc dia thuong lién quan dudi 2% s6 hoa, vi vay phén 16n thu phén
chéo xay ra & cac cdy trong gan nhau. CAy lai gitta lta mach va mot sb dai
mach hoang dai va cac loai c6 dudng nhu chi gidi han & Fy véi rat it béng
chung vé hién tuong nap gen ¢ doi sau do bét thu.

Lua mach 1a dbi tuong dugc nghién cuu rAt nhiéu nham tim kiém mo
hinh dang tin cay dé tao gidng cay bién ddi gen. Cac phuong phap duogc sir
dung dé bién nap gen ¢ lua mach la dua tryc tiép DNA vao té bao tran béng
shock dién, hodc dua truc tiép vao t& bao nguyén ven bang siing ban gen toc
d6 cao (high speed microprojectile bombardment). Vasil va cong su (1992)
d3 tao ra gidng lta mach chéng chiu thudc diét cé bang cach bin gen vao
callus phéi. Ngoai ra, con c6 phuong phap chuyén gen truc tiép bing
polyethylene glycol (PEG), dua vao viéc xir 1y té bao phoi tran bang PEG c¢6
mit DNA ngoai lai. Gan day, nguoi ta di phat trién phuong phap tach té bao
tran va tai sinh ciy con tir nudi cdy dich huyén phu va trong tuong lai gan sé
cho ra doi laa mach chuyén gen.

Céc tinh trang c6 thé cai thién bang chuyén gen bao gdm: khang nam,
khang sau bénh, nang cao san luong bang cach thay doi vong doi, hiéu suét
quang hop va sir dung nudc, va chdng rép bang cach thay doi chiéu cao.
Mot tinh trang khac cling dugc quan tam la chét luong cua hat lua, ma cu
thé 1a nang cao dac diém nudng banh tir bot lta mach.

Laa mach dugc mé ta 1a cdy trong c6 nguy co giao luu gen tir giéng
bién d6i gen sang gidng binh thuong va loai hoang dai thip. Kha ning lai
chéo véi cac ho hang ctia nd gan d6 ciing bi han ché va khong c6 hién tuong
nap gen & cac thé hé sau néu c6 xay ra lai chéo.

+ Pai mach

Ciing tuong ty nhu lia mach, dai mach dugc mo ta la cay tréng co
nguy co giao luu gen tir cAy trong sang ciy trong va tir cdy trong sang ho
hang hoang dai & murc d6 thap. Pai mach chii yéu sinh san bang tu thy, chi
tao ra mot lwong hat phan nho vi thé hau hét thu phan chéo chi xay ra gitta
céc cdy trong canh nhau.

So voi cac loai lia mach khac thi su phat trién k¥ thuat chuyén gen &
dai mach dién ra kha cham. Bién nap gen chi thuc hién dugc cho mot )
kiéu gen han ché & tan sb thap (Harwood va cs 2000). Tuy nhién, ciing di c6
nhirng thanh céng nhét dinh va da sb déu sir dung phuong phap bin gen vao
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phoi chua truong thanh. Gan day dd co6 thong tin vé viéc st dung
Agrobacterium dé bién nap gen vao dai mach. Bao tir duc ciing di duoc sir
dung lam ddi tuong bién nap & dai mach (Yao va cs 1997). Harwood (2000)
cho rang can nghién ctru thém vé qua trinh bién nap dé c6 thé cai thién mirc
d6 thanh cong khi chuyén gen.

N6i chung, cac tinh trang chuyén gen cho lia mach déu co thé ap
dung cho dai mach, dac biét 1a nang suét va khang bénh (DoE 1994). Thay
d6i thanh phan tinh bot 13 méi quan tAm cua cac nha ché bién dai mach. Cac
tinh trang bién ddi gen khac ¢ dai mach bao gém ting ham luong enzyme
thity phan, giam nitrogen tong s, ting ham luwong tinh bot va ting ham
luong lysine.

Pugc mé ta 1a ciy trdng co nguy co giao luu gen tir cdy trong sang
ciy trong va tir ciy trong sang ho hang hoang dai & mirc do thap. Pai mach
chu yéu sinh san béng tu thy, chi tao ra mot lugng hat phén nho vi thé hau
hét thu phan chéo chi xay ra giita cac cdy trong canh nhau. Chua c6 s liéu
nao vé cay lai giira dai mach va loai hoang dai.

4.2.2. Nghién ciru sy bén viing ctia DNA trong dat

DNA ciia cdy chuyén gen c6 thé dugc phong thich vao méi truong tir
cac nguyén li¢u thuc vat da gia hoac muc nat. Vén dé nay da duoc khao sat
d6i v6i cay thude 14 chuyén gen (aacC1; Paget va cs 1993), cay hoa da yén
chuyén gen (NOS-nptll; Becker va cs 1994) va ciy cu cai duong (bar/TR1,
TR2/nptll, 35S/BNYVV-cp; Smalla va cs 1995). Su bén viing ciia ciu tric
DNA trong dat dugc phat hién bang cach tach chiét DNA truc tiép tir dat,
sau d6 khuéch dai PCR (polymerase chain reaction) ciu trac nay. Chon loc
primer thich hop cho phép phat hién rd rang cdu trac chuyén gen bén canh
cac gen xuat hién ty nhién. Vi phuong phap nay su hién dién cta ciu tric
DNA c6 thé duoc phat hién nhung khong c6 thong tin nao vé sy hién dién
cua no trong nguyén li€u thyc vat muc nat co thé do DNA tu do d3 dugc hép
thu vao bé mit dat. Do nhay ctia phuong phap phat hién ciing rat quan trong
thudng tiry thude vao qui trinh tinh sach DNA va cac diéu kién PCR. Gidi
han ctua sy phat hién dugc xac dinh cho cAu trac dung trong cay cu cai
duong chuyén gen voi 3 cip primer khac nhau (Bar/TR1, TR2/nptlI va 35S-
BNYVV-cp) 1a khoang 10? trinh tu dich/gam dit (Gebhard va cs, khong
cong bd). DNA cua ciy cu cai duong chuyén gen duoc phat hién trong mau
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dat ¢ vi tri da khong st dung tir 6, 12 va 18 thang sau khi ciy cu cai duong
bi cay lap trong dat. Paget va cs (1993) nhan thiy DNA cay thudc 14 chuyén
gen c6 thé phat hién hon 1 nam sau khi thu hoach cac ciy chuyén gen.
Becker va cs (1994) thong bao DNA cua cdy hoa da yén chuyén gen chi co
thé phat hién & 3 mau dat vao thoi diém 2 thang sau khi cay duoc cay lap
trong dat.

Mic du chi c6 mot vai khao sat vé sy bén vimg ciia DNA cdy chuyén
gen & trong dat, nhung sy bén viing ciia cau trac trong mot thoi gian dai c6
thé duoc ching minh rd rang. Tuy nhién, khong ¢ nghién ctru nio cho thiy
hoic 1a DNA duoc hép thu vao cac bé mit khoang, hodc van con phu 1én
nguyén liéu thyc vat bi thdi rira.

4.2.3. Nghién ctru sy chuyén gen tir thuc vat vao vi sinh vat

+ Chuyén gen ngang tir thye vt vao vi sinh vat dit

Chuyén gen ngang (horizontal gene transfer) 1a hién tugng chuyén cac
gen hodc nguyén li¢u di tmyén truc tiép tr mot ca thé riéng biét vao mot ca
thé khac bang cac qua trinh twong ty sy gay nhiém (infection). Phan biét véi
mot qua trinh binh thuong 1a chuyén gen doc (vertical gene transfer)-tir b
me vao con cai-xuat hién trong qué trinh sinh san. Céng nghé di truyén néi
chung thuong khai thac chuyén gen ngang, vi thé cic gen c6 thé duoc
chuyén giita cac loai xa nhau ma trude do khong bao gio co thé giao phdi
trong tu nhién. Vi dy, cdc gen ngudi co thé dugc chuyén vao lon, ciru va vi
khuan. Cac gen cua coc c6 thé duoc chuyén vao khoai tay. Nhu vay, cac gen
ngoai lai (foreign gene) ciing c¢6 thé duoc dua vao céc cay luong thuc.

Chuyén gen ngang trong phan nay dé cap dén DNA ngoai lai cta cay
chuyén gen hién dién ¢ trong dat, vi khuan phat trién kha ning dé nhan gen
nay va cudi cliing, cac trinh ty nay duoc hgp nhat trong genome ciia vi
khuén.

- Cac nhan t6 t6n tai tu nhién (vector) c6 thé chuyén gen ngang giita
cac ca thé 13 cac virus (thuong 13 virus gdy bénh), cic plasmid va
transposon, da sb trong chiing mang va phat tan cic gen khang thudc va
khang khang sinh. Cac gen ndy c6 thé di vao té bao va sau dé sir dung
nguyén liéu cta té bao dé nhan 1én nhiéu ban sao hodc nhay vao (ciing nhu
ra ngoai) khoi genome cua té bao. Cac nhan tb ty nhién bi gidi han bdi cac
rdo can loai, vi du virus lgn s& nhiém vao lon nhung khong nhiém vao ngudi
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duoc, va virus sup-lo khong thé tin cong vao cay ca chua duge. Tuy nhién,
cong nghé di truyén san xuit cac vector nhan tao (mang cac gen ngoai lai)
bang cach tai to hop cac phan cua hau hét cac nhan t6 gdy nhiém tu nhién,
nhung chirc ning gdy bénh cua ching bi loai bo, va thiét ké lai chung dé
khic phuc cac rao can, vi thé cac vector nay sau do c6 thé gian cac gen nguoi
dé chuyén vao té bao cua tat ca dong vat co vu khac, hoac té bao thuc vat.

- Céc gen ngoai lai duoc dua vao cing voi cac tin hiéu di truyén
manh-dugc goi la promoter (gen khoi dong) hodc enhancer (ving ting
cuong)-dé ting sy biéu hién cua gen cao hon mirc binh thudng ma chung
biéu hién trong té bao. C4c promoter dugc st dung phd bién nhit 1a tir cac
virus thyc vat c¢6 ho hang voéi cac virus dong vat. Cac gen chi thi chon loc
(selectable marker) cling dugc dua vao cung voi cac gen quan tam, sao cho
nhing t& bao hop nhat thanh cong cac gen ngoai lai vao trong genome ctia
chung va c6 thé chon loc duoc. Cac gen chi thi dugc sir dung pho bién nhat
1a cac gen khang khang sinh c6 ngudn gdc tir cac plasmid cua vi khuan va
céc transposon, cho phép cac té bao duoc chon loc véi cac khang sinh. Cac
gen chi thi nay thuong duy tri sau d6 trong co thé dugc bién doi di truyén.

- Mot promoter thudng duoc dung cho cac ciy chuyén gen 1a tir virus
kham sup-lo (cauliflower mosaic virus, CaMV), c¢6 quan hé gan giii v&i
virus viém gan B, va it hon véi cac retrovirus nhu AIDS virus. CaMV
promoter co thé hoat dong trong hau hét thuc vat, nAm men, con trung va E.
coli. Pay 1a mot promoter manh gitp cho gen ngoai lai ¢ thé biéu hién du
thira (over-expression) va ciing ¢6 thé anh huong dén cac gen cta vat chu
nam xa vi tri ciia gen ngoai lai chén vao.

- Su chén doan cua cac gen ngoai lai vao trong genome vat chu khong
chiu su kiém soat ctia cong nghé di truyén. N6 hoan toan ngau nhién va cho
hiéu qua khong mong doi, bao gém cac doc td va cac chat giy di tng trong
céc cay luong thyc, va ung thu trong céac té bao dong vat co vi.

- Nguy co cua cong nghé di truyén la 1am ting tiém ning cia su
chuyén gen ngang qua céc loai khong ho hang. Cac co ché té bao cho phép
cac gen ngoai lai chén doan vao genome ciing c6 thé di chuyén chung nhay
ra ngoai mot 1an nita. Vi dy: enzyme integrase xtic tac cho sy hop nhét cua
DNA virus trong genome vat chu, ciing mang chuc nang nhu mot
disintegrase, xtc tac cho mét phan ung ngugc lai. Cac gen ngoai lai sau do
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c6 thé chén doan trd lai vao vi tri khac trong genome, hodc phat tan khong
thé kiém so4t t6i cac co thé song khac.

Céc gen khang thudc diét co hodc khang khang sinh cta vi khuan
thuong duoc sir dung nhu 13 cac chi thi chon loc d6i voi cay chuyén gen. Vi
thé, chuyén ngang (horizontal transfer) ciia cac gen khang nhu thé tir thuc
vat vao vi sinh vat thuong dwoc thao luan nhu 13 mot hiéu tng tiém tang
khong mong mudn ciia cay chuyén gen vao cic vi sinh vat dt.

Tuy nhién, cho dén nay chwa c6 bang chimg rd rang vé viéc chuyén
gen tur thuc vat vao cac vi sinh vat. Nghién ctru an toan sinh hoc (biosafety)
vé chuyén gen ngang tir cAy chuyén gen vao vi sinh vat (vi khuan va ndm)
¢6 hai hudng chinh sau:

- Tim hiéu co ché chuyén gen tir thuc vat vao vi sinh vat.

- Banh gia cac hau qua sinh thai.

Bt tranh hiém hoi cua viéc chuyén gen ngang duoc mong doi tir thuc
vat vao vi sinh vat hién dién trong mau dat va sy nhay cam cao cia cac
phuong phap phat hién duoc (mg dung, 1a dic biét quan trong dé lam giam
X4c suat su chuyén gen, van chua dugc phat hién. Dé tranh cac dau hiéu
duong tinh gia (false positive), cac phuong phap duogc diung phai co tinh dac
hiéu cho phép phén biét rd rang cAu tric tir cac gen khéang xuét hién tu
nhién.

Hau hét co ché c6 thé cho viée chuyén gen tur thyc vat vao vi sinh vt
1a bién nap ty nhién doi héi sy hap thu DNA tu do. Vi khuan dit kha bién tu
nhién va c6 thé hop nhat DNA ngoai lai trong genome ctia minh. Dé chuyén
gen tur thuc vat vao vi sinh vat ¢ diéu kién déng rudng, khong phai chi c6 co
ché cho phép hép thu va sao chép trong mdt vat chu méi ma sy chon loc vat
chu dé biéu hién mot tinh trang mai 1a quan trong nhat. Sy phét hién chuyén
gen ngang c6 thé thyuc hién bang cach phan tich vi khuén sau giai doan nuéi
céy dau tién. Dé co duge thong tin vé su hién dién céu trac trong loai vi
khuan khong thé nudi ciy thi phan vi khuan phu truc tiép trén dat c6 thé
duoc phén tich dé tim DNA chuyén gen.

+ Chuyén gen tir thwe vat vao virus
K&t qua dau tién vé cay chuyén gen biéu hién protein vo cua virus

kham thudc 14 (tobacco mosaic virus, TMV) di lam cham sy phat trién cia
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bénh xuat hién trong nim 1986. Cling phuong thirc nhu thé da duogc st dung
sau d6 dé tao ra tinh khang cho céc loai virus khac nhau, nhung céc nha di
truyén hoc da dit cau hoi vé sy an toan cia cdy trong chuyén gen ngay tir
nhitng ngay dau tién. Nguy co rd rét nhat 13 tiém ning tao ra cac virus gay
nhiém moi bang sy tai to hop, vi du gen chuyén cua virus (viral transgene)
lién két hodc trao doi cac phan véi nucleic acid cua cac virus khac. Do vo
protein khéng ngian duoc virus xAm nhép vao té bao thuc vat, gen chuyén
(transgene) s& duoc tiép xuc véi cac nucleic acid cta nhiéu virus dugc mang
to1 thuc vat boi cac vector con trung (insect vector).

Mot s6 nghién ctru d3 chirmg minh ring cac virus thuc vat co thé tan
cong mot loat cac gen virus khac nhau tir cay chuyén gen.

- Virus gdy bénh kham hoai t&r & c6 ba 1a mau do (red clover necrotic
mosaic virus-RCNMV) dang khiém khuyét thiéu gen cho phép né chuyén tir
té bao nay dén té bao khac (vi thé khong gy nhidm duoc) da téi to hop voi
mot ban sao cia gen d6 trong cdy thudc 14 chuyén gen Nicotiana
benthamiana, va di sinh san cac virus giy nhiém.

- Cay cai (Brassica napus) chuyén gen VI, mot nhan t6 hoat dong dich
ma, cua virus kham stp-lo, d tai t hop voi phan bd sung cia virus thiéu
mat gen d0, va tao ra virus gdy nhiém trong 100% ciy chuyén gen.

- Thi nghiém twong tu tién hanh trén cdy N. bigelovii tao ra cac thé tai
t6 hop gdy nhiém da mé rong pham vi vat chi cia virus.

- Cay N. benthamiana biéu hién mot doan gen protein vo cia virus
CCMV (cowpea chlorotic mottle virus) da tai to hop voi virus khiém khuyét
khong c6 gen d6. Mot cong trinh nghién ctru cho thay co sy tai to hop giita
céc gen chuyén virus gy nhiém trong CCMV, tuy nhién véi tan sé cao hon
su tai to hop giita cac virus giy nhidém.

- N. benthamiana duoc bién nap véi 3 cau triac khac nhau chira trinh
ty ma hoa protein vo cia ACMV (African cassava mosaic virus). Cac cay
chuyén gen dugc gy nhidém véi mot dot bién khuyét doan cia protein vo
cia ACMV tao ra triéu chimg ngdm nhe (mild systemic) ¢ cic cdy ddi
chtng. Mot s6 cay bi nhiém cua cac dong chuyén gen da phat trién céc triéu
ching ngdm gay git dic trung cia ACMV. Sy tai t6 hop di xuat hién giira
DNA cua virus dot bién va DNA cuia cdu trac hop nhit, két qua tao ra cac
thé hé virus con tai to hop véi cac dic diém cua dang hoang dai. Khi tit ca
cac thi nghiém nay doi hoi sy tai t6 hop gitta virus khiém khuyét va chuyén
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gen, nd dugc nghi réng dudi cac diéu kién tu nhién khi céc virus khong bi
khiém khuyét, s& khong co virus tai to hop nao s& duoc sinh ra.

- Su tai t6 hop gitta CaMV dang hoang dai va dang chuyén gen VI
duoc ching minh trong N. bigelovii. it nhit mot trong sb virus tai to hop c6
doc tinh hon dang hoang dai.

Nguoi ta nhan thiy trong cac thi nghiém c6 CaMV, tan sé tai t6 hop
cao hon nhiéu so véi cac virus khac. Trong khi CCMV téi t6 hop dugc phuc
hoi tir 3% cua cdy chuyén gen N. benthamiana chira cac trinh ty CCMV, thi
CaMV tai to hop dugc phuc hoi tir 36% cua ciy chuyén gen N. bigelovii.
Ngudi ta nghi ngd rang su dit giy DNA soi doi ¢ thé xay ra trong truong
hop tai t6 hop & CaMV do thuc té 1a DNA chuyén gen bao gdm ca promoter
CaMV 35S.

4.2.4. Phan tich su tiép nhan gen chuyén trong thuc pham

Cong nghé sinh hoc ¢6 vai tro quan trong d6i v6i su phét trién trong
tuong lai ciia thé gidi nhung thach thic dit ra 1a lam thé nao dé c6 nhiéu
nudc dang phat trién tiép can duoc vdi cong nghé hién dai. Nam 1994, thyc
pham chuyén gen dau tién, cay ca chua mang tinh trang chin cham, di dugc
tréng va tiéu thu & mot s6 nude phat trién. Tur do, ngay cang nhiéu loai thuc
pham c6 ngudn gbc tir cdy trong chuyén gen dugc thuong mai hoa va sir
dung trén toan thé gidi. Viéc dua cac thuc pham méi nay vao bita an hang
ngay dang lam ting 1én nhing bin khoan chinh déang vé d an toan ctia
chung.

Céc giéng cdy trong chuyén gen ngay cang dugc phat trién nho vao
cac cong cu cua cong nghé sinh hoc hién dai. Cling chinh vi vdy ma rat
nhiéu ngudi thic mac rang liéu cac thuc pham nay c6 an toan bang cac loai
thyc phdm c6 duoc nhd st dung cac bién phap nong nghiép truyén thdng
hay khong. Vay su khac biét giita lai giéng thong thudng va cong nghé sinh
hoc thuc vat 1a gi.

Thuec ra ca hai déu c6 cing mot mot muyc tiéu 1a tao ra cac gidng ciy
trong c6 chat lwong cao voi nhimg dic tinh da dugc cai thién gitp ching
phat trién tt hon va ngon hon. Sy khéc biét 1a & chd muc dich nay dat dugc
bang cach nao.
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Lai giéng truyén thong doi hoi sy trao doi hang ngan gen giita hai cy
dé co dugc tinh trang mong mudn. Trong khi d6, nhd cong nghé sinh hoc
hién dai, chung ta co thé lua chon mot dic tinh mong mubn va chuyén riéng
n6 vao hat gidng. Su khac biét giita hai k¥ thuat nay 13 rit 1on. Phuong phap
cong nghé sinh hoc hop 1y hon, ¢ hiéu qua cao va dem lai két qua rat tot.

Céc ky thuat sir dung trong cong nghé sinh hoc hién dai cung cip cho
nhimg nha lai tao gidng nhitng cong cu chinh xac cho phép ho chuyén
nhitng dic tinh mong mudn vao ciy trong. Hon thé nita, ho co thé lam diéu
nay ma khong bi chuyén thém céc tinh trang khong mong mudn vao ciy nhu
van thuong xay ra néu st dung lai giéng truyén théng. Cong nghé sinh hoc
thuc vat tao diéu kién cho cac nha khoa hoc ¢ thé kiém soat duoc cac gen
chuyén, nho vay c6 thé nghién ctru rat chi tiét cac tinh trang dua vao.

Thuc phdm c6 ngudn goc tir ciy trong chuyén gen phai trai qua nhiéu
thr nghiém hon bat ky loai thuc phém nao trong lich str. Trudc khi dugce
dua ra thi truong, chung phai dugc danh gid sao cho phu hgp véi cac quy
dinh do mat vai to chirc khoa hoc qudc té dua ra nhu T6 chic Y té Thé gisi
(WHO), T6 chitc Nong Luong (FAO), T6 chirc Hop tac va Phat trién Kinh
té (OECD)... Nhitng quy dinh nay nhu sau:

- Cac san pham chuyén gen can dugc dénh gia gidng nhu cac loai thyc
pham khac. Cac nguy co gy ra do thuc pham c6 ngudn goc tir cong nghé
sinh hoc ciing ¢6 ban chit gidng nhu céc loai thuc pham thong thudng.

- Cac san ph'flm nay s€ dugc xem xét dua trén do an toan, kha nang
gay di img, ddc tinh va dinh dudng cua chiing hon 1a dua vao phuong phap
va k¥ thuat san xuét.

- Bt ky mot chat méi nao duge dua thém vao thuc pham théng qua
cong nghé sinh hoc déu phai duoc cho phép trude khi dua ra thi truong cling
nhu viéc cac loai chat phy gia méi nhu chat bio quan hay mau thuc pham
can phai dugc cho phép trude khi thuong mai hoa.

Mot s6 nhan dinh trong van dé an toan thuc phém, nhu sau:

- Mtic d6 n toan cta thuc pham chuyén gen it nhét ciing twong duong
v6i cac thuc pham khac boi vi qua trinh danh gia an toan déi véi thyc pham
chuyén gen k¥ ludng hon nhiéu so véi viéc danh gia cac thyc pham khac.
Qua trinh danh gia an toan thuc pham dam bao rang thuc pham chuyén gen
mang lai tit ca cac loi ich nhu thuc phdm thong thudng va khong ¢ thém
mot tac hai nao.
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- Chua c6 bang chiig nao cho thiy thyc pham chuyén gen hién dang
c6 trén thi truong gy ra bat cir lo ngai nao vé strc khoé con ngudi hay co
bat ky khia canh nao kém an toan hon so véi cdy trong tao dugc nho lai
gidng truyén thong.

- Mot diém dic trung cia k¥ thuat chuyén gen 14 n6 dua vao mot hay
nhiéu gen di dugc xac dinh rd. Diéu nay giup cho viéc thir nghiém doc tinh
clia cac cdy trong chuyén gen dé thuc hién hon so véi cc ciy trong binh
thuong.

+ Cac chit giy di ing

Mot trong nhitng mdi quan tdm 16n nhat vé thuc pham chuyén gen la
chat gy di tng (mot protein gdy ra phan ung di tng) c6 thé duoc chuyén
vao thyc pham. May man 1a cac nha khoa hoc da biét rat nhidu vé cac thuc
pham gay ra di ing & tré nhé va ngudi trudng thanh. Khoang 90% sy di tmg
thirc an 1a c6 lién quan téi tam thuc phém va nhom thuc phém-d(f)ng vat ¢o
vo (tdm, cua, soO, hén), trimg, ca, stra, lac, dau tuong, qua hach va lua my.
Nhimg loai thyc pham nay va rat nhidu chat gay di tmg khac da dugc xac
dinh rat 13 va do vay kho tin réng chung co thé duoc dua vao thuc phém
chuyén gen.

Tuy vay, viéc kiém tra tinh di ung van 1 mot khau quan trong trong
viéc kiém tra an toan trudc khi mot giéng cay trong dugce dua ra lam thyc
pham. Hang loat cac thir nghiém va cau hoi phai duogc xem xét ki dé quyét
dinh liéu thuc pham nay c6 1am ting sy di tng hay khong.

Céc chit gay di tmg c6 nhiing dic tinh chung nhu: ching khong bi
phan huy trong qua trinh ti€u hda, ching c6 xu hudéng khong bi phan huy
trong qué trinh ché bién thyc pham, va chiing thuong c6 rat nhidu trong thuc
pham. Khong c6 bat ky protein nao duge chuyén vao thuc pham chuyén gen
da dugc thuong mai hoa lai mang nhirng dac tinh nay. Ching phai khong c6
tién str va kha ning gay di Gmg hay doc tinh, ching khong gidng véi cac
chat gay di tmg hay cac doc t6 di biét va chic ning cua chung di duogc biét
1&. Chiing ciing ¢6 mdt ham luong rat thap trong thyc pham chuyén gen, s&
nhanh chéng bi phan huy trong da day va duogc kiém tra lai xem c6 an toan
khong trong cac nghién ciru vé thuc pham cho dong vat.

Céc gen ma hoa thong tin di truyén c6 mit trong tat ca cac loai thuc
pham va viéc an ching khong gy ra bat ky anh huong xau nao. Khong c6
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tac hai di truyén nao xdy ra khi tiéu héa DNA ca. Trén thyc té, ching ta
luén nhan DNA mdi khi dn do né c¢6 mit & tat ca thuc vat va dong vat.

+ Panh gia d an toan ciia cac thue pham

Bét ky mot san phim chuyén gen ndo trudc khi dwa ra thi trudng phai
dugc thtr nghiém toan dién, dugc cac nha khoa hoc va cac gidm dinh vién
danh gia doc 1ap xem co an toan hay khong vé dinh dudng, doc tinh, kha
ning gdy di tmg va cac khia canh cua khoa hoc thuc phim nay déu dua trén
nhitng quy dinh cia cic to chic ¢ tham quyén ctiia mdi nude. Ching bao
gém: mot hudng dan san pham, thong tin chi tiét vé muyc dich sir dung san
pham, cac thong tin vé phan tir, hoa sinh, doc tinh, dinh dudng va kha ning
giy di (mg. Céc cau hoi dién hinh c6 thé dugc dit ra 1a: (1) Cac thuc pham
chuyén gen c6 dugc tao ra tir thuc pham truyén thong di dugc cong nhan an
toan hay khong. (2) Nong d6 cac doc td hay chat giy di ung trong thuc
pham c6 thay d6i hay khong. (3) Ham luong cac chit dinh dudng chinh c6
thay d6i hay khong. (4) Céc chat méi trong thuc pham chuyén gen c6 dam
bao tinh an toan hay khong. (5) Kha ning tiéu hoa thirc n co bi thay doi hay
khoéng. (6) Cac thuc pham c6 dugc tao ra nhd cac quy trinh da dugce chip
nhén hay khong.

Ngay khi cic cau hoi nay va cic cdu hoi khac vé thuc phim chuyén
gen da duoc tra 10i, vAn con nhiéu viéc phai lam trong qua trinh phé chuan
truée khi thue pham chuyén gen dugc thuong mai hoéa. Thuc té, thuc pham
chuyén gen 1a loai san pham dugc nghién ctru nhidu nhét trong cac loai da
duoc san xuét.

+ Gen khang khang sinh

Mot vai gidng cdy trong chuyén gen c6 chira cic gen quy dinh tinh
trang khang khang sinh. Cac nha khoa hoc sir dung tinh trang nay nhu mat
chi thi (marker) dé nhan biét ra nhiing té bao da chuyén duoc gen vao. Ngiy
cang c6 nhiéu lo ling ring cac gen chi thi nay c6 thé dugc phat tan tir cac
cdy trong chuyén gen sang cac vi sinh vat cu tr trong rudt ngudi va ching
lam ting kha ning dé khang ddi véi khang sinh. D c6 rat nhidu cac nghién
ctru va thir nghiém khoa hoc vé van dé nay dé di t6i cac két luan sau:
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Kha ning cac gen khang khang sinh c¢6 thé dugc phat tan tir cac vay
trong chuyén gen sang cac sinh vat khac 1a vo cung thp; va tham chi khi sy
kién it xay ra la mdt gen khang sinh dugc phat tdin sang mdt sinh vat khac
thi tac dong cua viéc nay ciing khong dang ké do cac chi thi duoc sir dung
trong cay trong chuyén gen c6 tng dung trong thii y va y hoc rat han ché

Tuy nhién, ¢ lam diu nhing lo ling ctia x hoi, cac nha nghién ctu
duoc yéu cau tranh st dung cic gen khang khang sinh trong ciy trong
chuyén gen. Viéc str dung cAc chi thi thay thé khac dang dwoc danh gia va
phat trién.

4.3. Nguy co dbi v6i méi trwomg va hé sinh thai

Mic du “thé hé thir nhat” cta cac gidng cdy trong cong nghé sinh hoc
tap trung vao viéc dem lai nhitng loi ich kinh té dang ké cho ngudi nong
dan, song ngdy cang c6 nhiéu bang chimg cho thay cong nghé sinh hoc con
mang lai nhitng 1oi ich 16n hon vé an toan luong thuc va méi truong.

Nhimng két qua str dung cong nghé sinh hoc tai My cho thdy, viéc st
dung thudc trir sdu da giam dang ké, méi trudng van duge bao dam trong
khi san luong van ting va tiét kiém chi phi san xuat. Mac du két qua su
dung cong nghé sinh hoc d6i voi timg ving c6 khac nhau nhung nhiing loi
ich kinh té do né mang lai rat rd rang, khong chi ddi voi ngudi str dung ma
con dbi voi ca moi trudng va nguoi tiéu dung. Céc loi ich nhu gidng cay lai
bang cong nghé sinh hoc it phy thudc hoa chat dau vao, do d6 nguy co gy 6
nhiém nguén nudc thép hon; viéc han ché sir dung hoa chét s& tang do an
toan ciia nudc, dam bao moi trudng tot hon cho sinh vat trong tu nhién; cac
vu mua tmg dung cong nghé sinh hoc cho ning suét cao hon.

Tuy nhién, nhitng cudc tranh ludn xung quanh 4nh hudng cia cay
chuyén gen d6i v6i moi truong ngay cang phirc tap. Van dé nay cang phtic
tap hon khi c6 cac nghién ciru méi dugc cong bd. Nhu vay cdy chuyén gen
c6 an toan voi moi truong hay khong.

Viéc danh gia anh huong cua cay chuyén gen téi moi truong thuong
rat kho khan do phai xem xét nhiéu yéu td. Mot s6 nha khoa hoc tap trung
vao nguy co tiém tang cua cdy chuyén gen trong khi s6 khac lai nhAn manh
trién vong vé loi nhuan.
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4.3.1. Thyc trang moéi truong hién nay ra sao

Dan sb gia ting, trai dat ngay cang nong 1én va da dang sinh hoc
(biodiversity) mat dan dang anh hudng rat nghiém trong dén moi trudng.

Su pha hiy rimg va méi trudng ty nhién, sit dung ngay cang nhiéu
than da din t6i su gia ting khong ngimg lueong khi CO 1am trai dit nong 18n.
Nguoi ta du doan rang nhiét do trung binh cia trai dat s& ting tir 2-3°C tinh
dén nam 2100, dong thoi véi sy bién dong cua thoi tiét. Su thay dbi khi hau
c6 thé lam thay d6i can ban ché d6 mua, do d6 gay nén sy di cu cia con
ngudi va nhirng bién doi trong cac hoat dong nong nghiép.

Thém vao d6 dan sb gia ting (theo du doan dén nam 2020, dan sb thé
gi6i s& 1én toi 8 ty ngudi) dan dén pha huy ty nhién, giam chat luong nudc
va thay doi dong chay. Sinh canh (biotope) bi mat lam cho nhiéu loai dang
dtimg trude nguy co tuyét chung.

Béi vay, dé bao ton rung, sinh canh va sy da dang sinh hoc, chung ta
can phai dam bao nhu cau luong thuc trong tuong lai dya trén quy dét hién
Co.

4.3.2. Nhiing lo¢1i ich cua cay chuyén gen

Cay chuyén gen c6 loi ich tiém tang dbi v6i moi truong. Ching gitp
bao t6n cac ngudn loi tu nhién, sinh canh va dong-thuc vat ban dia. Thém
vao d6, chung gép phan giam x6i mon dat, cai thién chat luong nudc, cai
thién ring va noi cu ngu cia dong vat hoang dai.

Thyc vat voi kha ndng tu bao vé Chéng lai con trung va cé dai co thé
gitip giam lidu lugng va ndng do cua cac thude trir sau sir dung. Vi du: &
Trung Qudc, bong Bt da gitup giam luong thude diét con tring xudng con 40
kg/ha.

Giam str dung thudc trir sdu da cai thién dang ké chat luong nudc &
nhitng viing st dung thudc. Vi dy: nude chay qua cac canh dong bong Bt ¢
M7 hoan toan khong con nhiém thudc trir sdu trong sudt 4 nim nghién ctru
cua Bo Nong nghiép My.

Thuc vat khang thudc diét cé giup cho viéc sir dung bién phap khong
cay dat (yéu té quan trong trong viéc bao ton dét dai) tré nén phd bién. Vi
du: nguoi trong cai ddu chuyén gen ¢ Canada d it phai cay cay hon so véi
khi trong cay cai dau truyén thong.
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Cay chuyén gen c6 thé ting dang ké san lugng thu hoach, do vay véi
dién tich dét canh tac it hon van c6 thé thu duoc nhiéu lvong thuc hon. Vi
du: O My, vao nam 1999 da c6 66 triéu rudng ngd tranh dugce sau duc than.

4.3.3. Danh gia cdy chuyén gen ddi v6i an toan mai truong

Céc cay chuyén gen dugc danh gia can than vé anh hudng toi moi
truong trude khi dua ra thi trudong tuan theo cac quy tic do cac to chirc va
cac chuyén gia méi truong trén khap thé gidi xay dung. Ching han, Hoi
ddng nghién ctru qudc gia My nam (1989), T6 chirc hop tac phat trién kinh
té nam (1992), chinh phu Canada nim (1994)... Nhimg ngudi danh gia anh
hudng cua ciy chuyén gen bao gdm nhitng ngudi tao ra chung, cac co quan
kiém soét va cac nha khoa hoc khac.

Hau hét cac qudc gia str dung cac quy trinh danh gia twong ty nhau dé
Xem xét su tuong tac giira cdy chuyén gen va méi trudng. Bao gdm nhiing
thong tin vé vai trd cta gen dugc dua vao, anh hudng cta no ddi véi cay
nhan gen, dong thoi ca nhitng cau hoi cu thé vé cac anh huong khong mong
mudn nhu:

- Anh huéng 18n cac sinh vat khong phai 1a sinh vat can diét trong méi
truong do.

- Cay chuyén gen c6 ton tai trong mdi trudng lau hon binh thuong
hodc xam chiém nhitng noi cu ngu méi khong.

- Kha niang gen phét tan ngoai ¥ mudn tir ciy chuyén gen sang loai
khac va nhitng hiu qua c6 thé xay ra.

4.3.4. Nhing i ro ¢ thé clia cdy chuyén gen

Kha ning xay ra lai chéo xa ctia gen dugc chuyén vao cay trong véi
cac cay co ho hang, cling nhu kha néng tao ra nhiing loai cé méi.

Lai chéo xa 1a lai khong mong mudn giita cay trong véi mot cay co
quan hé ho hang. Lo ngai chinh vé anh hudng cua cdy chuyén gen ddi voi
moi truong la kha nang tao ra loai ¢ mai thong qua lai chéo xa véi cac cay
ho hang hoang dai hodc don gian hon 1a ton tai lau trong tw nhién.

Kha ning trén c6 thé xdy ra, dugc danh gia trudc qué trinh chuyén gen
va duge kiém soat sau khi dua cdy ra trong. Mot nghién ciru bat dau tir nim
1990 kéo dai 10 ndm d chimg minh rang thuc vat chuyén gen (nhu cai dau,
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khoai tay, ngd, cu cai duong...) khong lam tang nguy co xam chiém hay tdn
tai lau dai trong moi truong tu nhién so vdi cac cay khong chuyén gen tuong
ung. Cac tinh trang nhu chéng chiu thube diét co, khang con trung cling da
dugc diéu tra dong thoi véi nhitng cdy khong chuyén gen tuwong tmg
(Crawley va cs 2001).

Tuy nhién, cac nha nghién ctru cho ring nhitng két qua nay khong co
nghia 1a su thay doi di truyén khong thé 1am gia ting tinh hoang dai hay kha
ning phat tan ciia cdy trong ma chung chi ra ring nhiing ciy trong ning suat
cao kho c6 thé ton tai 1au dai néu khong dugc canh tac. Do do, viéc danh gia
cay chuyén gen theo ting truong hop nhu d quy dinh 14 rat quan trong.

4.3.5. Anh hudng cua cdy chuyén gen truc tiép 1én céc sinh vat khong phai
1a sinh vat can diét

Thang 5 nam 1999, xuit hién bao cio rang hat phan tir ciy ngd Bt co
anh huong bét loi d6i voi 4u trung buém Monarch. Bao cdo ndy gy ra
nhimg lo ling vé nguy co tiém tang d6i véi buém Monarch va co thé ddi véi
nhitng sinh vat khong phai 1a sinh vat can diét khac. Mot s6 nha khoa hoc lai
cho 13 can phai than trong trong viéc giai thich nhitng két qua nghién ctru vi
nghién ctru phan anh mét tinh huéng khac véi thyc trang méi truong.

Bao cao cho thiy nghién ctru nay duoc tién hanh trong phong thi
nghiém va c6 thé 1a khoi dau cua nhimg van dé quan trong, tuy nhién néu
chi dya vao né thi khong du co s¢ dé rit ra két luan vé nguy co ddi voi quan
thé buém Monarch trén canh dong.

Mot bao cao khac cua Uy ban bao vé méi truong My chi ra rang cac
sO lidu nghién cu da chimg minh protein trong cdy trong khong c6 anh
huéng bat loi di voi sinh vét khong phai 1a sinh vat can diét. Thém vao do,
mot nghién ctru cia trudng Pai hoc Illinois (M§) ciing cho thiy budm
Monarch khong bi gy hai boi hat phan Bt trong diéu kién dong ruong thuc
su.

Nhin chung, nhitng mdi quan tdm t&i sinh thai va méi trudng xuét
phat tir cdy chuyén gen dugc danh gia truéc khi thuong mai héa ching.
DPong thoi can co su kiém soat cac hé thong nong nghiép tét dé phat hién va
giam thiéu nhitng méi nguy hai c6 thé xay ra. Ching ta can so sanh cic
phuong phap chuyén gen hién dai va truyén thng dé lam sang to nhiing
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mdi rui ro twong ddi cling nhu nhing loi ich cia viéc ap dung cay chuyén
gen.

4.4. Nguy c6 doi véi con nguoi
4.4.1. Quan ly chit san pham bién doi gen

Moi hoat dong c6 lién quan dén cac loai san phdm nay nhu xuit nhap
khéu, van chuyén va st dung, nghién ctru khoa hoc, khao nghiém va chuyén
giao két qua nghién ctru... déu phai ndm dudi su quan 1y cia chinh quyén dé
quan 1y an toan cac sinh vét d4 bién d6i gen va san pham cta ching, dam
bao tudn thu nghiém ngat cac bién phap quan ly rui ro.

Céc to chirc va ¢4 nhan thyc hién cac hoat dong trén néu vi pham quy
ché, gay thiét hai cho san xuét, cho méi truong va sirc khoe con ngudi sé
phai boi thudng moi thiét hai va chi phi khac phuc hau qua. Truong hop
nghiém trong c6 thé bi truy ctru trudc phap luat.

Céc chuyén gia cho rang, bén canh uu diém vé ning suat, chat luong,
kha ning chdng chiu siu bénh va thoi tiét khac nghiét, cac sinh vat chuyén
gen ciing 1a mdi nguy co gy mat an toan sinh hoc. Mot s6 gen nhu gen
khang thudc hay gen mang co ché "két thic" (terminator) nay mam khuéch
tan vao mdi truong cd thé dan t6i tinh trang khang thude ¢ vi khudn giy
bénh va mat kha niang ndy mam & nhiéu loai ciy tréng. Bén canh dé, san
pham bién d6i gen ciing c6 thé gay di ing cho nguoi tiéu ding.

4.4.2. Nguy hiém cho strc khoé con ngudi

Khoéng co cac van dé quan trong ndi bat vé strc khoe ciia con ngudi
lién quan dén cac cdy trong thuc pham dugc bién doi di truyén (duge tiéu
thu nhiéu tai M§). Tuy nhién, do cic thyc pham bién doi gen khong dugc
danh dau, ngudi dan co thé chiu mot hau qua x4u lién quan dén viéc ho tiéu
ding loai thuc pham nay.

Diédu quan trong can nhd 1a trong 3-4 ndm vira qua, Cac cdy dau tuong
va ngd khang con tring va thubc diét co dd duoc trong hang tridu acre’ &
M7 va duoc str dung tiép trong ché bién thuc pham.

21 acre tuong duong 0,4 hectare (ha).
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Hinh 4.6. Ban d6 cac nwéc ngin cAm hoic yéu cAu dan nhin trén cac thuc
phim céng ngh¢ sinh hoc (CNSH). Lién minh chau Au (European Union, EU) da
cam két theo mot tiéu chuin quy dinh cho dan nhan thuc phém cong nghé sinh hoc,
nhung gn day mot sb nudc thanh vién da khong thé thyc hién duge nira.

Hon mot thap ky qua, cac chuyén gia an toan thuc phém da xac nhan
mot s6 van dé tiém tang c6 thé tang 18n nhu 1a mot két qua cia cac cdy trong
thue pham chuyén gen, bao gdm céc kha ning dua cac doc tb mdi hodc cac
chat gdy di tmg vao trong cic thyc pham an toan trudc day, lam ting doc
tinh voi cac mirc d6 nguy hiém trong thuc pham, ma truée day duoc san
Xuat boi mot s6 chat khong doc, hodc lam giam bét gia tri dinh dudng cua
thuc pham.

Trong s cac tac dong tiém tang nay, cac nha khoa hoc va cac gidm
dinh vién lo lang nhat 1a vé cac chat gay di mg méi, va thuc vay, hai sy
kién trong thap ky vira qua phu hop véi diéu do:

- Pau tién, mot mot bai bao cong bd trong t& New England Journal of
Medicine (NEJM) vao nam 1996 xac nhan dy bao cong nghé di truyén cé
thé chuyén mot chat gay di ung tir mot thuc pham giy di ing da biét vao
mot thue pham khac (Nordlee va cs 1996). Mot vai nim trude dd, cac nha
khoa hoc ¢ Pioneer Hi-Bred Seed Company di chuyén thanh céng mot gen
tir cdy dé Brazil (Brazil nut) vao trong dau nanh dé cai thién chat luong dinh
dudng ctia cdy trong bang hat. Cac thi nghiém tiép theo cho thiy nhiing
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nguoi di ing véi hat dé Brazil cling di ung tuong tu voi cady dau nanh
chuyén gen.

- Thir hai, trong nhitng nam cudi thap nién 1990, ngudi ta da thong
béo ring mot dang bién di cua ngd Bt (StarLink) chira mot tac nhan gay di
g tiém tang dugc dua vao thuc pham mot cach bat hop phap lam nodi 1én
mot 1an séng tranh ludn vé diéu do, cudi cung da giam xuét khiu ngd, giy
hoang mang cho nganh cong nghiép thuc pham, tao ra sy nghi ngod rong 16n
vé co cdu t chirc giam dinh cia My. Cuc Bao vé Mbi trudng (EPA) khong
chap thuan sir dung ngd StarLink 1am thyc phim cho nguoi vi lo ngai doc td
Bt c6 thé gy ra cic phan Gng di ing trong ngudi tiéu ding. Nam 1998, co
quan nay da dong ¥ cho phép sir dung StarLink dung lam thtc in gia stc.
Hai nam sau, mot lién minh ctia cac nhom c6 chung lgi ich cong cong da
kiém tra cac san pham trén cac quay thuc pham ban 1¢ va da tim thiy ngd
StarLink trong vé ctia mén banh thit chién don (taco shell). Sau d6, ngb
chuyén gen khong dugc chdp thuin nay lai duoc tim thy trong nhiéu san
pham khéac. Ngudi ta bit budc phai thu hdi lai né6 va dong cira nha may,
ngimg xuat khau, va mua lai ngd da bi nhiém ban. Su ¢6 StarLink minh hoa
1d rang su yéu kém cia hé thng gidm dinh cua My trong khu vuc hau
thuong mai hoa, tiép tuc &m anh nong dan My, cac nha ché bién thuc phém,
va céac cong ty cong nghé sinh hoc.
Céau hoi

1. Nhitng loi ich cta cdy trong chuyén gen?
2. Cac nghién ciru vé an toan cua cay trong chuyén gen?

3. Thach thirc hién nay cua ciy trong chuyén gen?
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