GIAO TRINH SINH HQC

BIEN DOI GEN




Chuong 1

Cac vector str dung trong cong nghé
chuyén gen & dong vat va thwc vat

I. Vector

Trong sinh hoc, vector 1a mdt phan tir DNA c¢6 kha nang mang
mot doan DNA ngoai lai va khi xam nhép vao loai t€ bao chu thich
hop thi c6 kha ndng ty tai ban khong phu thudc vao su sao chép cua
hé gen té bao chu.

N6i cach khac, vector 1a mot phuong tién truyén thong tin di
truyén trong co thé hodc gitra cac co thé khac nhau.

Té bao chu thudng duoc str dung 1 vi khuan E.coli. Phan 16n
cac vector la cac phan tor DNA dang vong nhd (plasmid) hodc 1a
bacteriophage.

Vector ¢6 thé duoc cat & mét vi tri xac dinh béng mot enzym
han ché va dugc noi véi mot doan DNA tuong hop khac dugce cat
bo1 cung enzym.

Trong tao dong phén tir, vector 13 rat can thiét boi vi thuc té
cho thay rang mdt doan DNA chura gen khong thé lam gi trong té
bao chu. Vi né khong phai 1a mdt b phén cua genome binh thuong
cua t€ bao, cho nén né s€¢ khong dugc tai ban khi t€ bao phan chia,
khong dugc biéu hién va c6 kha nang bi phan huy kha nhanh.

Trong k¥ thuat di truyén, vector 1a cong cu c6 kha ning nghién
clru genome nguoi va genome cac loai khac va sy st dung ching
trong nghién ctru dang trd nén ngay cang pho bién mot cach rong rai.

I1. Cac dac tinh cua vector

- Vector phai du 16n dé mang DNA ngoai lai nhung khong qué
16n.

- Vector phai chura cac trinh tu kiém soét (control sequences)
nhu khé1 diém tai ban (origin of replication), promoter.



- Vector phai mang mot hodc nhiéu vi tri nhan biét cua enzym
han ché.

- Vector phai mang cac gen marker chon loc (thuong 1a cac gen
khang chat khang sinh). Vi vy cac té bao chira chung c6 thé duoc
phat hién mot cach dé dang.

III. Cac budc trong tao dong phan ti
’ - Noi vector va doan DNA ngoai lai can duoc tao dong trong
ong nghiém dé tao DNA tai t6 hop nho su xuc tac cua enzym ligase.
- Bién nap DNA tai t6 hop vao mot dong té bao chu. Chon loc
thé bién nap trén mdi1 truong agar trong dia petri co6 chat khang sinh.
- Tach dong DNA tai to hop bang cach sit dung miu do
(probe).

IV. Cac vector sir dung dé chuyén gen & dong vat va thuc
vat
1. Cdc vector sir dung dé chuyén gen & dong vit
1.1. Vector str dung dé thém gen

Phén 16n cac vector st dung hién nay dé tao dong vat chuyén
gen bang cich thém gen duoc xdy dung dé duoc hop nhat vao
genome. Cac phuong phap dang duoc su dung hodc nghién ciu dé
tang tan s6 hop nhit ctia gen ngoai lai hodc duy tri chung nhu 1 cac
nhiém sic thé nho doc 1ap.

1.1.1. Vector thang t6i thiéu (Minimum linear vectors)

O dai da s6 truong hop, cac nha nghién ctru st dung cac doan
genome chira mot hodc hai gen hay chudn bi cic ciu tric gen hoat
dong chirc ning tir cac yéu té khac nhau. Cac doan cua vector chira
cac ving phién mi va diéu hoa tir plasmid. Thuc viy, cac vector
vong hop nhit véi tin s6 thip hon nhiéu so véi cac doan DNA thing
va trinh ty plasmid thuong pha huy cac gen chuyén d lién két. Dicu
nay dang ddi vai cac vector khac nhau nhu plasmid, cosmid, phage,
BAC va YAC. Tuy nhién mot s6 nghién ciru cho thay rang vector
BAC vong hop nhit vao genome véi hiéu qua gidng nhu ban sao
mach thang cta chiing. Noi cach khac, cac vector mang cic doan
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DNA genome dai it nhay vdi hi¢u qua cdm cua céc trinh tu cua
prokaryote. Diéu nay 1a thich hop nhat nhd sy hién dién cua cac yéu
t6 cach ly & cac doan genome dai hoic nhd mot hiéu qua khoang
cach don gian.

Cac doan DNA khong chira cac trinh ty déc biét hop nhat vao
genome voi tan sb tuong dbi thap Mot s6 DNA xen vio tao ra sb
dong vat chuyén gen nhiéu hon so v6i cac DNA khac. Piéu nay c6
thé xuit hién tir sy c6 mit cia cac trinh tu trong doan xen ma nhan
biét thuong xuyén cac trinh ty genome (Hinh 1). Mdt s6 cac doan
xen vao co thé chtra cac trinh tu vu tién cho sy phién ma cua chiing
va sy duy tri cia chung trong phéi, ting cudng su hop nhat xay ra.

1.1.2. Vector chtra céc trinh ty lap lai

Co ché cua su hop nhat duoc mé ta ¢ hinh 1 bao ham sy nhan
biét gilta céac trinh ty ciia doan xen va cua genome. Tan sb cua su
hop nhat duoc ting 1én nho sy ¢6 mit ¢ ca hai dau cua cac doan xen
cac trinh tu 1ap lai cao trong genome chu ngay ca khi chung bi thoai
hoéa nhiéu hodc it. O bo, mot trinh ty c6 mat nhiéu ¢ tim dong lam
tang thém cic doan xen da ting tan s6 hop nhit. O trudng hop dic
biét nay, cac gen chuyén van khong hoat dong. Diéu nay 1a do tam
dong 1a ving khong phién ma cta genome pha huy gen chuyén.

Mot phuong phép tuwong tu di dugc tién hanh & chudt, st
dung céc trinh tu A/u. Cac trinh ty ndy 13 cac yéu td lap lai. Cac trinh
tu Alu chira 200-300 nucleotid 14 ¢6 nhiéu trong genome dong vat co
va va ddc biét 1a ¢ cac vung lan cén hodc ¢ trong cac vung phién ma.
Mot sb trinh ty Alu dugc phién ma boi RNA polymerase III, 1am cho
chire nang cua RNA khong r6 rang va c6 thé khong ton tai. Céc thi
nghiém di cho thiy rang tan s6 hop nhat dugc tiang 1én dbi véi cac
doan xen chura trinh tu Alu.

1.1.3. Vector transposon

Transposonla mot doan DNA c6 kha nang ty tai ban mot cach
doc 1ap va xen vao mot vi tri moi trong cung nhiém sac thé hodc mot
nhiém sic thé khac (Hinh 1.2). Véi tién bo coa ky thuat di truyen
transposonda duoc sira doi, thiét ké thanh cac cong cu di truyén voi
muc dich dac biét.
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Hinh 1.2: CAu triic ciia transposon

Kich thudc cua transposon noéi chung la khong dai hon 2kb.
Nhiéu ban sao cua transposon cdé mit trong genome tai cac vi tri
ngau nhién mot cach ré rang. Transposon dugc phién ma thanh
RNA, RNA duogc phién ma nguoc thanh DNA so1 kép. DNA so1 kép
nay hop nhit vao genome v&i hiéu qua cao. Su hop nhat duoc diéu
khién boi gen transposase ma hoa transposon va cac trinh tu lip lai
dao nguogc ITR (inverted repeated sequence). Cac trinh tu 1ap lai dao
ngugc ¢6 mit & ca hai dau cua transposon (Hinh 1.3). Co ché nay
cho phep transposon trai rong ra mot cach nhanh chong va toa khap
genome, bao gdm ca sy bit hoat gen trong mot s6 truong hop. Su lan
téa ciia transposon bi gidi han bdi co ché té bao lam bat hoat su
phién ma cuia transposon.

Transposon 13 vector ¢ tiém ning ddi véi sy hop nhit gen
ngoai lai vao genome. Dé 1am duoc diéu nay, mot phan 16n ving
phién ma cta transposon bi mat di, tao ra khoang tréng d6i véi gen
ngoai lai va ngan can transposon trai rong mét cach tu chu va khong
kiém so4t trong genome.

DNA tai t6 hop chtra gen ngoai lai khong c6 kha ning dic
biét dé ty hop nhét vao genome. Sy c6 mit cia gen transposase 1a
can thiét d6i v6i muyc dich nay. Tiém déng thoi transposon mang gen
ngoai lai va plasmid vong c6 kha nang biéu hién gen transposase cho
phép transposon hop nhat véi hidu qua cé y nghia, khoang 1-5 % s6
phoi dugc tiém (Hinh 1.3).

Protocol nay dugc ap dung trudc tién cho Drosophila, su
dung transposon P va sau d6 da duoc st dung rong rdi dé tao sinh
vat chuyén gen (Kayser, 1997). Transposon thily thi (mariner) d to
ra c6 hiéu qua ddi voi té bao ca medaka, ga va dong vat c6 vi. Céc
stra d6i khac nhau cta transposon ndy lam cho né c¢6 thé mang mét
vector hiéu qua va an toan d6i vai liéu phap gen (Hackett, 2001).



Cac vector khac dugc sir dung dé tao con trung chuyén gen
nhu Aedes aegypti hoac tdm (Tamura, 1999). Gan day transposon da
duoc sir dung dé tao chudt chuyén gen (Dupuy, 2002).
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Hinh 1.3: Str dung vector transposon dé chuyén DNA ngoai lai

Gen transposase dugc thay thé bang gen mong muon Transposon tai to
hop duogc tiém vao té bao. Vector dicu khién sy tong hgp enzyme gan
(intergrase) dugc cung tiém vao. Transposon dugc hop nhét bang cach sir
dung céc trinh tu 1dp lai ddo ngugc ITR cua chiung

Trong tit ca cac truong hop, transposon va plasmid mé hoa
cho transposase phai duoc tiém vao té bao chat ciia phdi dudi cac
diéu kién khac nhau tiy thudc timg lodi. V& phuong dién nay, ga la
khéc voi hau hét cac loai khac. Viée tiém gen co thé duoc thuc hién
¢ giai doan phoi mdt té bao ma khong thé dua tré lai vao con me
nudi dudng nhu truong hop doi véi thi. Phoi tiém gen phai dugc
dua vao nodn hoang cua mot tring khong mang phoi. Sau vai tuan
ap trimg dudi cac didu kién duoc kiém soat tdt, ga chuyén gen duoc
sinh ra v&i mot ti 16 thanh cong c6 thé chap nhan (Shermann, 1998).



Vi vay, vector transposon cho phép tao ra cac dong vat
chuyén gen dbi véi cac loai ma vi tiém DNA thong thuong khong
thanh cong. Vector nay cling dugc xem la an toan. Vector
transposon thily thil ngay ca khi thiéu gen transsposae cta né ciing
c6 thé tai ban va hop nhat vao genome chu Vo1 tan so thap. Piéu nay
1a do sy c6 mit cua transposase ndi sinh cua té bao chu. Van dé nay
c6 thé giéi han sy st dung transposon trong mot sd truong hop.
Trong khi do, transposon BAC lgn con da duogc st dung dé tao ra
tam chuyén gen on dinh hoan toan sau mét sd thé hé.

Transposon chi c6 thé mang cac doan DNA ngoai lai véi
chiéu dai giéi han. Céc ciu trac phirc tap dugc sir dung dé biéu hién
gen ngoai lai rd rang cling 1a mot han ché. Ngoai ra cac co ché té bao
pha huty transposon c6 thé trc ché su biéu hién cua gen chuyén trong
mot sb truong hop.

1.1.4. Vector retrovirus

a. CAu tric cua retrovirus

Retrovirus 1a loai virus RNA, c6 vo boc bén ngoai. Sau khi
xAm nhiém, genome virus dugc sao chép nguoc thanh DNA so1 kép,
hop nhét vao genome té bao chu va biéu hién thanh protein.

Retrovirus dac trung bdi chu ky tai ban ctia chung, dugc md
ta 1an dau tién vao dau thap nién 1900 (Ellermann va Bang.O, 1908).

Hat retrovirus c6 kich thudc, hinh dang co thé thay doi doi
chut nhung duong kinh khoang 100nm. Vé cua virus la
glycoprotein, tao thanh cac gai & mang (Hinh 1.4A). Protein trudng
thanh nay dugc chia lam hai loai polypeptid (Hinh 1.4B):

- Glycoprotein vo bén ngoai (SU), khang nguyén chu yéu cua
virus, ¢6 chuc nang bam vao thy quan.

- Glycoprotein mang (TM), bam vao protein SU & vo, chiu
trach nhiém d6i véi sy dung hop mang.
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Hinh 1.4: So’ d0 ciu triic ciit ngang ciia retrovirus
A. CAu trac cit ngang B. Ciu trac protein vo

Bén trong mang la protein co ban (MA), khong dinh hinh.
Protein nay bao ly capsid (CA). CA 1a protein phong pha nhit trong
hat virus (chiém khoang 33 % trong lugng tong sd), c6 hinh khdi 20
mat. Bén trong capsid 13 151, thudng c6 hinh ndn, bao gdm: RNA
genome, protein nucleocapsid (NC), enzym phién ma nguoc (reverse
transcriptase = RT) va enzyme hop nhét (intergrase = IN).

Genome retrovirus bao gdm hai ban sao ctia phan tir RNA soi
don, mach thing, c6 cap ¢ ddu 5’ va dudi poly A & dau 3’ (twong
duong véi mRNA). Genome retrovirus c6 kich thudc khoang 8-
11kb.

Retrovirus dugc chia lam hai loai 1a retrovirus don gian va
retrovirus phuc tap.

RNA cua retrovirus don gian chira 3 nhém gen chu yéu:

- Gen gas ma hoda protein 101, capsid va nucleoprotein.

- Gen pol ma héa enzyme phi€n ma ngugc va enzyme hop
nhat.

- Gen env mi hoa protein trong cdu triic vo cia virus.

Trat ty ciia cic nhom gen ndy & tit ca cac retrovirus 1a khong
thay doi:

5’ —gag — pol —env -3’



Ngoai ra con c6 nhom gen pro mi hoa enzyme protease
viruss. Cac retrovirus don gian bao gom hau hét cac virus gy ung
thu nhu viruss bach cau chuét Moloney Mo-MLV (Moloney, 1960),
virus ung thu tuyén va chudt (mouse mammary tumor virus =
MMTV) (Bittner, 1936 ).

Céc retrovirus phtic tap, ngoai ba nhom gen chu yéu gag, pol
va env con cd cac gen khac nhu fat, rev & HIV-1. Nhém virus nay
bao gdm cac lentivirus ké ca virus HIV-1, spumavirus, HFV (human
foamy virus) va SFV (simian foamy VlI'uS)

O mdi dau cia genome la cac doan lap dai tan cung (LTR)
chira tit ca cac tin hiéu can thiét cho su biéu hién gen cua virus. Mot
doan LTR gdm c6 3 vung: U3, R va U5. Ving U3 bao gdm cac yéu
t6 kiém soat su phién mi, promoter va gen ting cuong (enhancer).
Day la vung khong ma hoa co kich thude 75-250 nucleotid, 1a phan
dau tién cia genome dugc phién mi nguogc, tao ra dau 3’ cua
genome provirus. Vung R thuong 13 trinh tu ¢ kich thuée ngin chi
khoang 18-250 nucleotid tao thanh doan lap truc tiép & ca hai dau
cua genome. Vung U5 la vung khong ma héa cé kich thuoc 200-
1.200 nucleotid tao nén dau 5’ cta provirus sau khi phién ma nguoc.
ving U5 mang vi tri poly A va cung voi ving R xac dinh sy gin
thém dudi poly A vao. Ca hai ving U3 va U5 déu mang vi tri gan att
can thiét cho su hop nhat genome cua virus vao genome chu.

Mait khac, genome virus con c6 doan dan dau (leader), vi tri
bam primer (primer binding site = PBS) va vung polypurine
(polypurine tract = PPT). Poan din dau khong dugc dich ma, kha
dai, co kich thudc khoang 90-500 nucleotid, xudi theo vi tri khoi dau
phién mi, nam gitta vang U3 va R, & phia ddu 5° cta tit ca cac virus
mRNA. PBT dai 18 nucleotid b6 sung v6i ddu 3” ctia primer tRNA
dac hiéu dugc virus st dung dé bat dau phién ma ngugc. PTT ngén
chi khoang 10 A hoidc G ¢6 chirc ning khai dau sy tong hop soi (+)
trong qua trinh phién ma nguoc.

U3 R
- ACn)

Hinh 1.5 : So do cau truc genome cua retrovirus
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Ngoai ra con co cac trinh ty can thiét cho sy dong goi genome
virus goi 1a trinh tu W (psi) va cac vi tri cit RNA & gen env.

Mot s retrovirus chira protooncogene. Khi protooncogene bi
dot bién co thé gy ra ung thu.

b. Vector retrovirus

Vector retrovirus 14 cdu tric DNA nhén tao c¢6 ngudn gdc tir
retrovirus, duoc sir dung dé xen DNA ngoai lai vao nhiém sic thé
cua vat chu.

Yéu t6 chia khoa trong viéc st dung retrovirus 1am thé truyén
phan phdi gen 1 sy an toan sinh hoc (biosafety). Muc dich chinh ctia
thiét ké vector 1a bao dam tao ra mot virus khong kha nang tai ban
(replication incompetent virus) trong té bao chu (Hinh 1.6 ).

virus nguyén ven
¢o kha niing tdi ban

plA)
vowary [
FBS
v plA)
vecor [+ ]
PBS

vector retrovirus
khdng co kha niing tdi bin

té bao dong goi

Hinh 1.6: Virus nguyén ven c6 kha nang tai ban
va vector retrovirus khong c6 kha niang tai ban

V& nguyén tic, co thé tao ra vector retrovirus c6 kha ning tai
ban (replication competent retroviral vector) bang cach thém cac
trinh tu can thiét vao virus (Hinh 1. 6). Nhung mot thiét ké pho blen
hon 13 thay thé cac gen cua virus bang cac gen chuyén mong mudn
dé tao ra vector tai ban khong hoan toan (replication defective
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vector). Mat khéc, kich thudc cia doan DNA ngoai lai ma vector tai
ban khong hoan toan c6 thé tiép nhan 16n hon nhiéu so véi vector c6
kha ning tai ban. Sy biéu hién cta cac protein retrovirus & hau hét
cac retrovirus gy ung thu xdy ra ty nhién do mot promoter don
(single promoter) nam trong doan ldp dai tan cung (LTR) & dau 5’ va
su biéu hién cua cic ving mi hoa virus phirc tap xay ra nho sy cat
ghép xen ké (alternative splicing). Tuy nhién, viéc thiét ké vector 1a
khong bi giéi han do sir dung promoter retrovirus don. Mot hudng
thiét ké khac 13 str dung promoter phtrc (multiple promoter) va céac
trinh tu tiép nhan ribosome & bén trong (internal ribosome entry site
= IRES).

Su tai nap va hop nhét gen c6 hiéu qua phu thudc vao cac yéu
t6 virus c6 mit trong vector retrovirus.

Mot diém luu y quan trong khi thiét ké vector retrovirus 1a
hiéu qua tai ban ciia virus trong ciu tric vector.

Phan 16n céac vector retrovirus thuong duoc thiét ké dua trén
virus Mo-MLV. Pay 1a loai virus c¢6 kha ning xam nhiém vao ca cac
t€ bao chudt (co thé phat trien vector & md hinh chudt) va té bao
nguoi (c6 thé diéu tri bénh cho ngudi). Cac gen cia virus (gag, pol
va env) dugc thay thé bang cac gen chuyen mong mudn va dugc
biéu hién & cac plasmid trong dong té bao dong goi. Cac ving can
thiét bao gdm cac doan lap dai tan cung & dau 3’ va 5° (3’LTR va
5’LTR) va trinh ty dong goi.

Trudce day virus hd trg kha ning tai ban da duoc sir dung dé
dong goi ca virus vector va virus hd trg. Trong mot phuong phap
tinh vi hon duoc st dung hién nay, cic dong té bao di thao tac di
truyén dic hiéu da biéu hién cac gem virus do cic promoter khong
tuong déng duoc st dung dé tao ra cac virus vector. Cac dong té bao
nay duoc goi 1a cac dong té bao dong goi hodc cac dong té bao hd
tro.

Chuyén gen va biéu hién gen bang mot vector virus dugc goi
1a su tai nap dé phan biét v6i qua trinh xAm nhiém cua retrovirus co
kha nang tai ban (replication competent retrovirus = RCR).

Sy biéu hién cia gen chuyén 1a do promoter hoic gen ting
cuong & vi tri 5> LTR hodc boi cac promoter virus (nhu
cytomegalovirus, Rous sarcoma virus) hodc béi cac promoter cta té
bao (nhu beta actin, tyrosine). Su dinh vi chinh xac codon khéi dau



biéu hién cta gen chuyén (Rivire,1995).

ctia gen chuyén va cac thay doi nho cia 5’LTR anh huong dén sy

vector retrovirus

chuyén nhiém
mang gen X

genome
dong té bao ding géi
d(‘n}g té ban 1 phlen ma
dong goi |

RNA virus

gen X

protein ¢du tric virus
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Hinh 1.7: Qua trinh dong goi tao hat retrovirus
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DPé nhan biét cac té bao bién nap, cac marker chon loc nhu
neomycin va beta galactosidase dugc st dung va su biéu hién cua
gen chuyén c6 thé duoc cai tién bang cich thém vao cic trinh ty
ribosome bén trong (Saleh, 1997).

Mot yéu cau ddi véi sy hop nhéat va biéu hién cia cic gen
virus 13 c4c t& bao dich phai phan chia. Diéu nay gidi han liéu phap
gen tang sinh t& bao in vivo va ex vivo, do d6 cac té bao thu nhan tir
co thé duge xir Iy d¢€ kich thich tai ban va sau d6 dugc tai nap véi
retrovirus trudc khi dua tro lai bénh nhan.

c. Ung dung cua vector retrovirus

Vector retrovirus 13 can thiét cho liéu phap gen, da duoc s
dung c6 hiéu qua trong nhiéu liéu phap gen chira bénh cho ngudi
nhu suy giam mién dich do thiéu hyut enzyme ADA, ung thu, tiéu
duong, thiéu mau,...

Céc vector retrovirus khac nhau di duoc thiét ké dé tao dong
vat chuyén gen va ga chuyén gen dic biét (Ronfort, Legras va
Verdier, 1997). Cac vector ndy mang cac trinh ty env cd kha nang
nhan biét cac té bao phoi ga. Chung duoc tiém vao trimg ga méi dé.
O giai doan nay, cac té bao hiy con da ning va c6 thé tham gia vao
viéc tao thanh giao tir, ddn dén truyén gen ngoai lai cho thé hé sau.
Phuong phdp nay cho hiéu qua khong cao. Phoi ¢ giai doan nay
chira khoang 60.000 té bao. Chi mot ti 1é nho cac té bao niy co co
hoi mang gen chuyén nho vector retrovirus. Ga chuyén gen tao thanh
& dang thé kham va c6 rét it co hoi truyén gen chuyén cia chiing cho
thé hé sau. Mot phuong phap khac da chung t6 c6 hiéu qua hon.
Vige tiém gen duoc thyc hién ¢ giai doan phoi 16 té bao tai vang lan
can cta cac té bao gbc nguyén thiry. Cac té bao nay dugc tiém mot
cach uu tién, tao ra cac dong vat chuyen gen ¢6 co hoi truyen gen
chuyén cta ching cho thé hé sau (Hinh 1.9).

Vector retrovirus ciing dugc sir dung dé chuyén gen vao noin
bao ctia bo va khi (Chen, 1998, 2001). Dé tién hanh cong viéc nay
doi hoi hai diéu kién dic biét. Vo cta vector 1a protein G cua VSV
(vesicular somatitis virus) c6 chiic niang nhan biét mang
phospholipid va vi vay cho phép tiém vao nhiéu loai té bao khac
nhau. Cac hat virus dugc tiém vao gitra mang trong (zona pellucida)
va mang nodn bao vao lic mang nhan di bién mat, tao cho genome
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virus co hoi tdt nhat dé co thé dén duoc genome té bao chu (Hinh
1.9).

Lentivirus 1a mot phan 16p cua retrovirus. Ching c6 kha nang
hop nhéat vao genome cua cac t& bao & pha nghi, ca cac té bao ting
sinh va té bao khong ting sinh. Kha ning nay c6 duoc 1a do su co
mat cia mot tin hi€u & mdt trong s6 céc protein virus. Protein virus
nay nhim tdi genome cila virus & ving nhan. Lentivirus phtc tap
hon céc retrovirus don gian, chtra thém 6 gen tat, rev, vpr, vpu, nef
va vif. HIV 1a moét loai lentivirus. Vector lentivirus dugc nghién ctru
nhiéu do tiém nang sir dung cta chiing trong liéu phap gen.

LTR  trinhtyvé LTR )
e (genome virus)
gen ngoai lai .
(genome virus tai té6 hop)

protein virus

hat virus lay
. nhiém

R P S—
promoter trinh tif két thic

trinh tf vé }

cde té bio mim
nguyén thuy

mang sinh chit_

mang trong

phéi giai doan 16 té bao
dong vit chuyén gen (gi)

noan bao

thu tinh

dong vat chuyén gen (bo)

Hinh 1.9: Sir dung vector retrovirus dé tao dong vat chuyén gen
Genome virus mang gen ngoai lai dugc dua vao té bao tong hop protein
virus khuyét. Céc hat virus dugc sir dung dé tiém vao nodn bao dong vat
c¢6 via (bo, khi), cac t& bao mam nguyén thuy ctia ga hodc phdi mot té bao
cua chudt.

Mot nghién ctru gan day cho thiy rang vector lentivirus tiém
vao phoi mot t€ bao hodc u voi phoi da dugc loai bd mang trong 1a
c6 hi¢u qua dac biét doi véi viée chuyén gen vao chudt (Lois, 2003).
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Cac vector nay ngay cang dugc cai tién tinh vi hon. Genome cua
chung c6 nguodn goc tu lentivirus da tao ra cac hat virus tai t6 hop co
kha ning nhiém vao té bao phan chia hoic té bao khong phan chia.
Vector nay chita LTR da duoc stra ddi dan dén su tu bat hoat
genome virus da hop nhat. Piéu nay 1am giam dang ké kha ning tai
t6 hop tao ra virus xdm nhiém mang gen ngoai lai v&i phuong thirc
khong kiém soat. Cac loai vector nay khong c6 cac gen tang cuong.
Sy vang mat cac gen tang cuong lam cho no co6 thé thay thé cho mot
promoter ndi sinh diéu khién gen mong muén hoat dong ma khong
1¢ thudc vao anh huong cua cac gen tang cuong LTR. Vector nay
cling chita mot yéu t6 diéu hoa sau phién ma wu tién cho viéc biéu
hién gen va mdt doan cua virus HIV ma doan nay cho phép genome
virus di vao nhan cua té bao khong phan chia va hop nhit vao DNA
chu.

Céc vector ndy ciing c6 thé diéu khién sy biéu hién gen FGFP
cua chuot, tao ra mau xanh huynh quang & tat ca cac loai té bao hodc
chi & té bao co khi promoter hoat dong & tat ca cac loai té bao hodc
chi & té bao co.

Luu y rang khoang 80% chudt sinh ra 1a chudt da duoc
chuyén gen. Khoang 90% sb chudt nay biéu hién gen chuyén cua
chung & mot sb thé hé. Protein VSV da dugc st dung nhu 1a mét vo
boc cho phép xam nhiém hiéu qua vao phoi.

Uu diém chinh cta vector nay 13 hiéu qua bién nap cao, thao
tac don gian, sy xAm nhiém co thé duoc thuc hién bﬁng cach u phoi
da loai bo mang trong vai thé virus. Phuong phap nay duge mé rong
ddi voi cac dong vat c6 vu khac ma khong co van dé dic biét.
Phuong phap nay thuan loi mét cach dic biét cho viée chuyén gen
vao chudt trong khi phuong phap vi tiém 1 rat kho str dung ¢ day.

Han ché cua vector nay cing khoéng it. Cac hat virus phai
duoc kiém soat an toan sinh hoc bang bién phép thich hop. Budc nay
ngdy cang duogc tiéu chuin héa nhim ting cudng st dung céc loai
vector nay cho li¢u phap gen. Cac doan DNA co kich thudc khong
vuot qua 7-9kb co thé duoc dua vao vector nay. Su biéu hién cua
gen reporter 1a tuong ddi thap trong trudng hop nay. Mit khac, su
hop nhat doc 1ap cua vector xay ra trong cuing mot phoi dan dén
dong vat chuyén gen thé kham.
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R& rang, phuong phap nay chi co thé thay thé vi tiém trong
mot sO truong hop.

1.1.5. Vector Adenovius

a. Cau tric ciia adenovirus

Adenovirus 1a loai virus khong ¢6 vo, chtra genome DNA soi
kép, mach thiang. Trong khi c6 hon 40 dong adenovirus typ huyét
thanh phan 16n gy nhiém tring duong hoé hip & nguoi thi chi c6
nhoém phu C typ huyét thanh 2 hodc 5 duoc st dung lam vector mot
cach uu thé. Chu trinh séng cila adenovirus thuong khong lién quan
dén sy hop nhat vao genome vat chu, ching tai ban nhu cac yéu t6
episome trong nhan cua té bao cha va vi vay khong c6 nguy co phat
sinh d6t bién xen (insertional mutagenesis).

T4t ca cac hat adenovirus déu khong c6 vo, dudng kinh 60-
90nm. Chiing c6 tinh ddi ximg icosahedron, dé dang nhin thdy duéi
kinh hién vi dién t& khi nhudm am tinh. Vo capsid cua adenovirus
bao gdm 252 capssomer. L3i cta hat virus chira tdi thiéu 4 protein:
protein dau mut (terminal protein = TP), gin v4i ddu 5° cua genome
bang lién két ddng hoa tri; protein V (180 ban sao/hat virus) va
protein VII (1070 ban sao/hat virus), la cac protein co ban va protein
Mu, mét protein nho (4kD), vi tri va chirc niang chua dugc biét.

Hinh 1.10: Adenovirus
A. MO hinh cau trac khong gian adenovirus
B. Acnovirus nhin dudi kinh hién vi dién tir
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Hinh 1.11: So' d6 ciu tric cit ngang ciia adenovirus

Genome cua adenovirus la phan tt DNA soi kép khong phan
doan, dai 30-38kb (cac nhom khac nhau c6 kich thudc khac nhau),
c¢6 thé ma hoéa 30-40gen. C6 4 ving gen phién ma som 13 E,, E,, E;
va Ea, ¢6 chitc niang diéu hoa va mot san pham phién ma mudn ma
hoa cho céac protein cau trac. Cac trinh ty ¢ dau mat ciia mdi soi 1a
1ap lai ddo nguoc vi vay cac sgi don da bién tinh c6 thé tao ra ciu
tric “cén xoong” (“panhandle”). Ngoai ra, con co protein 55kD lién
két v6i dau 5° ctia mdi sgi bang lién két dong hoa tri.

b. Vector adenovirus

Vector adenovirus 1a vector chuyén gen duoc tao ra tir cic
adenovirus tai t6 hop.

Thé hé adenovirus tai to hop dau tién da duoc thiét ké bang
cach loai bo gen E,. Su loai bé gen E, lam cho virus khong c6 kha
nang tai ban trong t& bao chu. Gen E; thudng ciing duoc loai bo dé
danh chd cho gen chuyén. Phan genome ma héa protein ciu trac cia
virus duoc thay thé bang mot gen marker (nhu B-galactosidase) hoic
gen cDNA ligu phap. Phan 16n cac vector “can xoong” duoc thiét ké
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gﬁn day chi chira mot trinh tu 13p lai ddo nguoc ITR va mot trinh tu
dong goi. Tat ca cac gen can thiét cia virus dugc cung cip bdi virus
ho tro.

Vector virus ndy khéng hop nhét vao nhiém sic thé té bao va
nd ton tai nhu mot episome ¢ trong nhan.

Adenovirus 13 mot vector chuyén gen an toan, c6 thé xam
nhidm mét cach hiéu qua vao cac té bao khong phan chia va cac té
bao dang phan chia cta nhiéu loai t& bao khac nhau do céac loai té
bao dich nay chira cac thy quan phu hop voi adenovirus. Khi xam
nhiém vao té bao chu, phan 15i mang genome virus va gen ngoai lai
di qua 16 mang nhan. Trong nhén té bao chu, cac gen cua adenovirus
va gen ngoai lai s& phién ma va dich ma trong té bao chat dé tao nén
cac loai protein can thiét cho virus va protein mong mudn do gen
ngoai lai ma hoa. Han ché cua vector adenovirus thtr nhét 1a giam
kha ning sinh mién dich va vi tri & ngoai nhiém sic thé cta n6 lam
cho su biéu hién gen chi nhat thoi, khong bén. Két qua cua mot sb
nghién ctru da cho thiy rang sy biéu hién gen chuyén chi kéo dai tir
mot vai ngay dén mot vai tudn.

DNA 8B DNA [c SR
vnrua mdi virus

W

vector
(adenovirus) /™

vector bam vao
mang té bao

\

~r‘_ N s vector tiém gen méi .-

»'Ye'c or diige dong géi s vao nhin -
7 y "--;-- e P
AT WIS
nang phﬁn‘huy T Sl

2 R S

té bao sit dung
gen mdi dé

tong hqp proteln_

Hinh 1.12: Co ché hoat ddng ciia vector aden0V1rus
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Dé khic phuc nhiing van dé néu trén, cac thé hé adenovirus
thir hai va thtr ba da duoc tao ra. Trong cac vector nay, gen E4 (hoac
E») mi hoa nhiéu protein cua virus dugc loai bé dé giam s biéu hién
cac protein virus.

c. Ung dung cta vector adenovirus

Adenovirus nguoi thé hé thir nhat da dugc st dung réng rai
lam vector chuyén gen in vivo (Wilson, 1996). Cac vector ndy da
duogc sir dung dé chuyén gen nguoi in vivo vao té bao mii, t& bao
phoi (CFTR c¢cDNA), té bao mang trong mach, té bao thin (Heikkila,
1996; Sukhatme, 1997), tim, gan, h¢ than kinh trung wong, co, céc té
bdo mé mau va té bao ung thu (Jaffe, 1992; Engelhardt, 1993; Chen,
1994; Chang, 1995; Cussack, 1996; Simon, 1999). Merrrich (1996)
da so sanh tinh lay nhiém clia adenovirus tai to hop typ 5 tai ban
khong hoan toan ¢ cac té bao mang trong mach trong mdi truong
nudi cy in vitro. Ket qua cho thiy trong méi trudong nudi cdy, su lay
nhiém 1a tot & ca té bao mang trong mach ctia ngudi va lon.

1.1.6. Vector episome

Loi thé cta qua trinh hop nhét khi sir dung vector nay 1a DNA
ngoai lai dugc truyén mét cach 6n dinh cho thé hé sau. Han ché
chinh 13 sy hop nhat hiém xdy ra. Mot van dé khac 1a gen di hop
nhét bi phu thudc vao hoat dong ciia moi truong chromatin cua no,
lam thay d6i thudng xuyén su biéu hién ciia gen chuyén. Mit khac,
sO lugng ban sao hop nhét bi han ché, noi chung 13 khong vuot qua
10 va trong mdt sb truong hop khong phai tat ca cac ban sao nay
dugc phién ma c6 hi¢u qua.

Nguoi ta dang mong mudn loai bé phan 16n cac han ché nay
khoi vector episome. Genome episome da duoc phat hién trong mét
sd co thé séng. Pay 1a trudong hop d6i Vi vi khuan chtra nhiéu
plasmid. Thinh thoang cac doan nhiém sic thé c6 ngudn goc to su
suy thoai cuc bd cua nhiém sic thé duoc tim thay trong té bao, dic
biét trong mot s6 t& bao khdi u. Cac doan nhidm sic thé nay la cac
nhiém séc thé nho (minute chromosome) duoc tai ban mot cach doc
lap va truyén lai cho cac té bao con. Céac 16p virus khac nhau c6
genome tai ban mdt cach doc 1ap va truyén lai cho céc té bao con.
Pay 1a trudong hop ddi véi cac virus ho herpes.
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Genome episome phai chira mot s6 cac yéu to dé duoc bén
ving. Genome episome c6 dang vong hodc dang thang. Khi ¢ dang
vong, thanh phan nho nhat ctia chung 13 khoi diém tai ban. Tai khoi
diém tai ban nay su tong hop DNA dugc bat dau nhu 1a mot hé
thng 1am cho no c6 thé truyen genome tai ban dén cac té bao con.
Genome episome dang thing phai mang telomere ¢ ca hai dau. Céu
trac telomere nay c6 mit & cac dau mut cua cac nhiém sic thé binh
thuong. Chung thuong xuyén bi suy thoai bdi exonuclease va dugc
phuc hdi lai nho mot phtic hop enzyme ddc hi¢u. Telomere bao vé
nhiém sac thé khéi bi suy thoai béi exonuclease. Khi té bao gia hon,
su tong hop telomere tré nén it hiéu qua hon din dén suy thoai
nhiém sic thé va su chét cua té bao.

Céc loai vector episome khac nhau co thé dugc thiét ké dé tao
dong vat chuyen gen. Chung c6 kich thudce tuong d6i nho, chi mang
cac yéu to tai ban va truyén lai cho cac té bao con. Mot phuong phap
khac bao gdm sy sir dung cac doan nhiém sic thé mang tit ca cac
yéu tb tu nhién dé chuyén gen cho thé hé sau.

Céc vector episome dugc biét & va sit dung thuong xuyén
nhat 13 plasmid, cosmid, phage, BAC va YAC. Khong c¢6 mot loai
vector nao ¢ thé duogc sir dung & eukaryote bac cao do cac yéu td
cua ching khong hoat dong trong cac té bao dong vat. Cac vector
nay dugc st dung chu yéu la dé xay dung DNA va tao DNA tai t6
hop dé nghién ctru va chuyen vao té bao dong vat.

Céac vector vi khuan chi chira mot khoi diém tai ban. S ban
sa0 tao ra sau khi tai ban DNA 1a di dé cho phép truyén vector co
tinh théng ké dén cac té bao con.

Vector YAC dang thing dd dugc thiét ké (Hinh 1.13). YAC
chta céc telomere, mot khoi diém tai ban (ARS 1), mot tim dong
(CEN 4), mot gen chon loc (Ura 3) va cac vi tri tao dong. Vector nay
twrong ddi ngan va dé thao tac. So di nhu vay la do khoi diém tai ban
va tdm dong ngin. Khoi diém tai ban ciia ndm men Saccharomyces
cerrevisae dugc tip trung trong mot ving genome ngan trong khi &
Saccharomyces pombe khoi diém tai ban dai dén trén vai nghin base.
Vector YAC c6 thé mang cac doan DNA dai 1000kb va ching c6 thé
dugc thiét ké trong nAm men bang tai to hgp twong dong. Han ché
chu yéu cua vector YAC 1a khong 6n dinh (Giraldo va Montoliu,
2001).
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Hinh 1.13: CAu triic cia vector YAC

Vector ndy chira mot khoi diém tai ban DNA (ARS 1), mét tam dong
(CEN 4) lam cho n6 cé thé phan chia vector tai ban vé cac té bao con,
telomere bao v¢ DNA khdi bi suy thodi bdi exonuclease, hai gen chon loc
(TRP 1 va UR 3) va mot vi tri tao dong ma co thé dua vao mot doan cd
kich thudc 1én dén 1000kb

Vector BAC d3 duoc thiét ké dé tai ban trong E.coli va chi
hién dién mot ban sao trong mdi té bao. Ching c6 thé mang céc doan
DNA c¢6 kich thudc 1én dén 250kb. Chung cé thé duoc xay dung
trong vi khudn bang tai t6 hop tuong ddng. Diéu nay cho phép ca
viéc dua cac doan DNA ngoai lai vao trong vector cling nhu loai bo
chung di. Vector BAC hién Ia cong cu t6t nhat cho viéc chuan bi cac
ciu triic mang cac doan DNA c6 kich thudc 16n dé dung cho viée tao
dong vat chuyén gen (Giraldo va Montoliu, 2001) (Hinh 1.14).

promoter

1 Cit bing enzym han ché E

1 Néi véi doan ADN ngoai lai

romoter ilai d
ps Doan ADN ngoai lai dude xen vao SacEll
Lm(R) oriF

Hinh 1.14: So' dd cAu tric vector BAC
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Trong té bao dong vat, van khong thé tao ra cac vector ngan
mang cac yéu t6 ty nhién di tim thay trong nhidm sic the Khoi
diém tai ban & genome dong vat 1a cac ving xac dinh khong tot. Mot
) vung da dugc mo ta dac diém va duoc st dung dé tai ban DNA
trong t& bao nudi cay va trong chudt chuyén gen. Nhu thé doan DNA
genome chira vai nghin bp 1a luén duge yéu cau dé khai ddu mot qua
trinh tai ban DNA. Mot phuong phép kha thi 1a tao dong cac doan
DNA genome vao vector va chon loc cac doan c6 kha nang tai ban
cao nhat trong té bao dong vat. Thi nghiém nay da cho thiy rang tdi
thiéu mot khoi diém tai ban 1a c6 mat trong mdt doan DNA dong vat
c6 kich thudc khoang 40kb (Kelleher, 1998).

Céc khoi diém tai ban 1a khong thich hop dé cho mot vector
vong dugc truyén mot cach co6 hiéu qua dén cac té bao con va thé hé
dong vat con. Mot nghién ctru dugc tién hanh céach day vai nam cho
thdy rang vector chira mot hon hop cac khoi diém tai ban dong vat
trong mdt plasmid cé hi€u qua cao ddi vai viée tao chudt chuyén
gen. Vector ndy c6 thé duoc truyén tir chudt sang vi khuén, tir vi
khuan sang phoi lon va tir phoi lon quay tro lai vi khuan (Attal,
1997). Tuy nhién vector ndy khong on dinh khi xen mét gen vao
trong n6. Hon nita né khong duge duy tri trong subt doi song cua
chudt va khong duoc truyén lai cho thé hé con. Vi vay vector ndy
chira mot khoi diém tai ban c6 hiéu qua dbi véi su truyen lai co tinh
chat thdng ké trong qua trinh phan chia té bao nhanh nhung khéng
c¢6 hiéu qua trong qué trinh phan chia té bao cham. Diéu nay dugc
giai thich 1a do vector ndy khong mang bat ky yéu td nao déng vai
tro cua tdm dong.

Nhiém sic thé eukaryote chira cac trinh tu lip lai & phan
trung tdm cua ching. Cac trinh ty lap lai ndy bam vao by khung té
bao (cytoskeleton) trong sudt qua trinh nguyén phan, cho phép cac
nhiém sic thé dugc phan chia vé cac té bao con voi phuong thirc
thich hop. Vung tdm dong da dugc thém vao mdt vai vector
episome. Cac doan tam dong rat dai tat nhién duge st dung va ching
mang tinh ddc higu loai. Vi vay khong thé sir dung chung dé thiét ké
cac vector ngan

Mot sO virus c6 genome dang Vong tai ban V0’1 tan s cao
trong t& bao dong vat va vi vay duoc truyén lai cho cac té bao con co
tinh chat thong ké. Pay 1a truong hop cta virus SV40.
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Khoi diém tai ban cta virus SV40 di duoc nghién ciru k3.
Khéi diém nay c6 kich thuée ngan nhung cin c6 khang nguyén T
mi hoa boi genome SV40 va cac thanh phan té bao Linh truong dé
tai ban. Vector SV40 chuyén vao té bao téng hop khang nguyén T
(te bao Cos) duge su dung pho bién dé biéu hién gen ngoai lai voi
tan s6 cao. Vector nay khong tai ban trong cac té bao khong thudc bo
Linh truéng va vi vy khong thé st dung dé tao dong vét chuyén
gen.

Virus herpes & trang thai tiém sinh trong céc té bao nhiém.
MGdi té bao chira mét hodc vai ban sao genome virus ma cac ban sao
nay dugc truyén cho cac té bao con. Trong nhimng truong hop nhat
dinh va déac biét khi co thé bi nhiém suy giam mién dich, genome
virus tai ban voi tan sd cao gy ra trang thai bénh 1y c6 lién quan.
Pay 1a truong hop dbi véi virus Herpes simplex, cytomegalovirus,
virus Epstein-Barr va mot s6 virus khac.

Céc virus nay c6 khoi diém tai ban va mot hé thdng tim dong
gia (pseudocentromeric system). Hai yéu t6 nay da duoc nghién ciru
mot cach chi tiét & virus Epstein-Barr (EBV). Cac ving c6 kich
thudc nho nhét can thiét cho su tai ban cua genome EBV va sy di
truyén ctia chung cho céac té bao con 13 ving khoi diém tai ban P (ori
P) va gen EBNA 1 (Epstein-Barr nuclear antigen). Ving khoi diém
tai ban P chira hai viing ¢ chuc ning riéng biét. Ca hai déu bam vao
protein EBNA 1. Mot ving ciia khoi diém tai ban P 1am dung chuc
nang khoi diém tai ban. Vung thir hai 1a can cho su truyén genome
ctia virus cho cac té bao con.

Céc két qua nghién ctru di cho thiy rang khoi diém tai ban
ciia EBV chi hoat dong & t& bao Linh trudong va ché. Khéi diém tai
ban EBV c¢6 thé bi méat va duoc thay thé b@ing cac doan DNA
genome nguodi hodc cac dong vat cd v khac. Mot sb cac doan DNA
genome nay chira mot khoi diém tai ban cho phép vector tai ban va
truyén lai cho cac té ‘bao con ngay ca ¢ chudt chuyén gen (Kelleher,
1998). Tuy nhién van chua co bang chirng chimg minh rang cac
vector On dinh va da truyen lai cho thé hé con.

Trong tit ca cac truong hop, vector EBV phai mang gen
EBNA 1 va ving khoi diém tai ban P dé cho protein EBNA 1 nay
bam vao. Hé théng EBV EBNA 1-ori P khong mang tinh dic hiéu
loai. Cac vector chtra phurc hop EBNA 1-ori P bam khong dac hiéu
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vao chromatin trong cac té bao eukaryote khac nhau. Mot nghién
ctru méi ddy cho thdy rang EBNA 1 bam vao ori P va protein EBP 2
nhin ra cac thanh phan chwa biét dugc ¢ chromatin (Hinh 1.15 ).
Mot vector vong mang vung ori P bam vao EBNA 1 va mét khoi
diém tai ban nim men da dugc duy tri hoan toan hiéu qua ¢ nam
men biéu hién ca cac gen EBNA 1 va EBP nguoi (Kapoor, Shire va
Frappier, 2001). Diéu ndy cho phép dua ra gia thuyet la vector
episome mang mot khoi diém tai ban hoat dong & té bao chudt va
cac gen ma hoa protein EBNA 1 va EBP 2 ¢6 thé duoc duy tri nhu
vector vong episome trong sudt doi song ciia dong vat va truyén lai
cho thé hé con. Genome EBV c¢6 kich thude 200kb va vector EBV
c6 thé mang doan DNA ngoai lai ¢ kich thudc trén 100kb.

Vector chita khéi diém tai ban SV40 va mot trinh tw MAR
cling c6 kha ning duy tri 6n dinh nhu cac episome trong té bao nudi
cay (Jenke, 2002).

Céc loai vector nay hién da dugc nghién ctru ¢ cac phong thi
nghiém la cac vector con thoi (shuttle) vi ching mang ca hé théng tai
ban ctia prokaryote va eukaryote. Chiing c6 thé dugce truyén dén vi
khuan duong rudt (intestine bacteria) va gieo ric vao trong méi
truong. Diéu nay co thé tranh dugc mot cach d& dang bang cach loai
bo khoi diém tai ban ciia prokaryote.

Kha nang thiét ké cac vector doc 1ap khac bao gém su su
dung cac doan DNA genome dai chira cic khoi diém tai ban ty
nhién, mot tdm dong va cac telomere. Cac vector ndy la cac nhiém
sic thé nhan tao ctia ngudi (HAC), chi c6 thé co dugc sau khi xay ra
cac dot bién ngiu nhién loai bo di mot phan 16n nhiém sic thé nhung
gitr lai cac yéu t6 nho nhat dé tao ra mot hé thé)ng tu chu (Vos, 1998;
Voet, 2001). Thao tac ddi voi vector nay khong dé dang va rat kho
dé dua gen ngoai lai vao trong ching. Hon nita, cdc doan genome
dai nay chira nhiéu gen c6 thé can thiép vao sinh Iy hoc dong vat
hogc can thiép vao gen quan tdm khi n6 dugc thém vao vector.

Nhiém sic thé chudt co kich thuéc 60Mb bao gdm DNA Ve
tinh quanh thé trung tam cua chuot da dugc tao ra trong mot dong té
bao lai dong vat gdm nhdm/nguoi. Cau trac nay da dugc duy tri
trong mot thoi gian dai trong té bao nudi ciy, & chudt chuyén gen va
da truyén lai cho thé hé sau (Co, 2000).
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Hinh 1.15: Céu tric ciia vector episome vong duwa trén genome virus
Epstein-Barr (EBV)

Protein EBNA 1 dugc ma hod bdi genome EBV bam vao mdt vung khac
ctia genome EBV. Protein EBNA 1 bam vao mdt protein cia té bao 1a
EBP 2. Protein EBP 2 lién két voi cac yéu t6 khong dac hiéu cua
chromatin. H¢ thong glong nhu tdm dong nay cho phép truyen vector cho
cac té bao con. Khoi diém tai ban ctia EBV hoat dong hau nhu riéng biét
trong céc té bao Linh trudng.

Mot nghién ciru cach diy vai nam cho thay rang nhiém sic
thé s6 2 cta nguoi co thé duoc chuyén vao genome chudt. N6 di ton
tal va truyén lai cho thé hé sau. Nhiém séc thé sd 2 cua nguoi da
dugc chuyén tir nguyén bao soi ngudi dén té bao goc phdi chudt
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bang dung hop té bao. Cac té bao gbc phdi mang nhiém sic thé
ngudi dugc st dung dé tao chuot chuyén gen thé kham. Chudt
chuyén gen thé kham nay di biéu hién gen globulin mién dich
(immunoglobulin) nam trén nhidm sic thé sd 2. Vi vdy co thé thu
dugc cac khang thé don dong ngudi tir nhimg con chudt niy
(Tomizuka, 1997).

Vector episome s€ hoan toan hiru dung cho cic nha nghién
ctru, cho viéc nghién ctru gen trong cac té bao bi nhiém ciing nhu d6i
vé6i liéu phap gen va viéc tao dong vat chuyén gen.

1.2. Vector thay thé gen

Mot tai to hop twong dong giira hai doan DNA c6 thé xay ra
trong cac co thé khac nhau néu chung mang mot trinh ty DNA
chung. O vi khuan kich thudc can thiét ciia doan DNA nay 1a mot
vai traim bp, & nAm men t6i thiéu 1a 20-50bp va ¢ té bao dong vat 1a
vai ngan bp dé gay nén tai to hop twong dong. Co sd cua co ché tai
t6 hop tuong dong duge mo ta ¢ hinh 1.16. Néu mot trinh tu twong
ddng don c6 mit trong genome va DNA ngoai sinh thi su téi to hop
dan dén sy hop nhat dich (targeted intergration) cia DNA ngoai lai
(Hinh 1.17). Néu hai trinh tu twong dong khac biét hién dién trong
DNA ngoai sinh thi hai tai to hop twong dong xay ra mot cach doc
1ap din dén sy thay thé riéng biét mot ving genome (Hinh 1.16). Vi
vay mot trinh tu ngoai lai c6 thé duoc hop nhat mot cach chinh x4c
vao vi tri da cho ciia genome. Trinh ty ngoai lai ndy c6 thé lam ngat
quing gen dich, lam cho né trd nén bét hoat. Protocol nay dugc goi
1a knock-out gen. Trinh tu ngoai lai c6 thé 1a mot gen hoat dong co
thé lién quan hodc khéng lién quan véi gen dich. Sy hop nhét nay
duoc goi la knock-in gen.

1.3. Vector sap xép lai cac gen dich

Tai to hop tuong dong trong mdt genome 13 sy kién sinh 1y
quan trong xay ra trong cac truong hop khac nhau. Su sip xép lai
genome tao ra cac gen globulin mién dich hoat dong chirc ning la
mot vi du. That 1a quan trong dé sép xép lai genome ¢ cac vi tri ma
khong thé tién hanh mot cach ty nhién voi mot phuong thuc kiém
soat.
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Hinh 1.16: Sy chon loc dwong tinh va 4m tinh kép dé tach chiét té bao

ma tai t6 hop twong dong xiy ra

A. Tai tb hop tuong ddng bao ham su hop nhét cua gen neo’ va loai di gen

TK. Céc té bao nay la khang voi G418 va gancyclovir.

B. Sau sur hop nhit cia vector vao mot vi tri ngdu nhién, cac té bao khang
v6i G418 nhung nhay cam véi gancyclovir

Hai hé thong khong phat hién thay trong gioi dong vat da
duge bo sung dé thyc hién diéu nay. Mot hé théng c6 ngudn gbc tir
bacteriophage P1. Genome nay chtta cic trinh ty LoxP vd&i kich
thude 34 bp, c6 kha ning tai két hop va mang tinh dic hiéu cao chi
khi c6 mat enzyme recombinase cua phage Cre. H¢ thong thir hai 1a
turong tu mot cach co ban nhung c¢6 ngudn gdc khoi dau tir nAm men.
Trinh ty FRT tai két hop véi hi€u qua cao va mang tinh dac hi¢u khi
c6 mit enzyme recombinase Flp. Hé thong Cre-LoxP 14 phd bién
nhat va duoc sir dung trong nhiéu nghién ctru khac nhau (Nagy,
2000). Cac thé dot bién khac nhau cia cac trinh tu LoxP, FRT dang
dugc st dung dé didu chinh hiéu qua va tinh dic hiéu cua su tai to
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hop. Hai loai enzyme recombinase ciing ton tai dudi dang cac thé
dot bién khac nhau. Trong thuc té, trinh ty LoxP hodc FRT phai
dugc thém vao cau trac cua gen.

neo TK
T T T
vector tdi (6 hop
m
DNA X
genome { HH } { }
lgen dich -
DNA i TK
genome
(G 4187, ganc®)
DNA m TK icof
genome
X X
(-—H +— J—
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.
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T
gen djt bién (G 418", ganc®)
DNA (
genome

gen khong dét bién (G 418", ganc®)

Hinh 1.17: Sy thay thé gen biing thé dot bién sir dung tai to hop twong
dong kép

Uu diém chinh cia cac hé théng LoxP va FRT 1a sy tai to hop
chi xay ra khi c6 mat recombinase. Cac té bao hodc dong vat co
ving DNA tiép giap voi cac trinh ty LoxP thi khong c6
recombinase. Cac enzyme ndy c6 thé duoc bo sung vao trong té bao
in vitro hodc in vivo & dong vét chuyén gen bang cach vi tiém truc
tiép vao té bao chit hoic bing phwong phip chuyén nhiém
(transfection method) d6i véi protein. Gen recombinase c6 thé duoc
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dua vao té bao bang vector adenovirus. Cac vector nay dugc tiém
vao md cua dong vat chuyén gen mang ving DNA tiép giap voi cac
trinh tu LoxP. Hon nira, plasmid chira cdc gen recombinase ciling co
thé dugc dwa vao phdi giai doan mot té bao hodc vao cac té bao
soma. Cac plasmid nay c6 it co hoi hop nhat do ciu trac dang vong
ctia chiing. Chiing bién mat nhanh chong trong qua trinh nhan té bao
va su ¢c6 mat cua recombinase la nhét thoi.

Cac recombinase ciing co thé dugc truyén cho dong vat
chuyén gen bang sy chuyén gen. Chudt chuyén gen mang gen
recombinase c6 thé dugc lai v6i cac dong chira ving DNA tiép giap
vo1 trinh tu LoxP.

Mot cach 1y tudng, cac gen recombinase khong nén biéu hién
& nhiéu truong hop trong tit ca cac méd hodc biéu hién thudng xuyén.
Néu diéu nay la can thiét thi recombinase c6 thé dugc dit duédi su
kiém soat cua cac promoter hoat dong trong tat ca cac loai té bao.
Trai nguoc lai, cac promoter dac hi¢u ddi voi ting mo co thé han
ché su tai to hop LoxP trong t& bao ma cic promoter nay hoat dong.
Heé thng biéu hién nay di kiém soat bai tetrecycline va cac dan xuat
cuia tetracycline, cho phép gen recombinase chi duoc biéu hién trong
mot loai té bao va chi khi dong vat co tetracycline.

Mot budc dieu hoa khéc co thé thém vao dé kiém soat
recombinase Cre. Cic gen dung hop mang trinh ty ma hoa
recombinase Cre va mot phan cac thu quan steroid di duoc xay
dung. Protein dung hop nay chi hoat dong khi c6 mat steroid va
steroid da gay ra sy bién doi hinh thé cua protein.

Trinh ty NLS (nuclear localization signal = tin hi¢u dinh vi
nhan) cho phép recombinase tap trung 6 nhan va dat hiéu qua ngay
ca khi ¢ nong do thap. Truong hop nay co the xay ra phu thudc vao
tinh dic hiéu t& bao nhung cac promoter yéu dang duogc sir dung dé
biéu hién cac gen recombinase.

Tét ca cac hé théng tinh vi ndy nham gy ra sy tai to hop co
thé cang chinh xac dé giébng hét nhu sy biéu hién cic gen tu nhién
hodc dé tao ra cac diéu kién thi nghiém thich ‘hop nhat.

Piéu quan trong 1a tranh sy biéu hién cao cua gen
ricombinase. Cac enyzme nay bdc 10 mot vai doc tinh ddi véi té bao
& ndng do cao, con hau nhu 13 thich hop nho kha ning nhén biét cac
vi tri gidng nhu LoxP hoic FRT trong genome dong vét.
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2. Cac vector sur dung dé chuyen gen O thuc vat
2.1. Céc vector bién nap vao té bao thuc vat st dung Agrobacterium
2.1.1. Sy gay ra cac khéi u do Agrobacterium

Agrobacterium tumefaciens va A. rhizogenes 1a hai loai vi
khuan song trong dat giy ra bénh kh01 u hinh chop (crown gall)
(Hinh 1.18 va hinh 1.19 ) va bénh long ré (hairy root) & cac vi tri tén
thuong cua thuc vat hai 1a mam.

Chi rat it thuc vit mot 14 mam thudc ho Liliaceae va
Amaryllidaceae 1a d& bi bénh khéi u hinh choép. Ly do gidi han vat
chu nay hién nay con chua duoc biét Mot l1an khoi dau, sy sinh
truong khéi u c6 thé tiép dién khi Vang mat vi khuan va mo khéi u
c¢6 thé duoc sinh truong vo trung bang nudi cdy mé trong cac mdi
truong thiu sy bd sung auxin va cytokinin ngoai sinh ma binh
thuong 1a can thiét dé xuc tién sy sinh truong cua moé thuc vat in
vitro. Mo khéi u téng hop amino acid méi va cic dan xuét cua
duong duge biét chung 13 opine. Loai opine tong hop trong khdi u
(vi du nhu nopaline, octopine, agrocinopine, mannopine va
agropine) phu thudc vao dong Agrobacterium khoi dau su hinh
thanh khdi u. Octopine va nopaline 13 hai loai opine c6 ngudn gdc tir
arginine va dé dang phat hién nhat trong mé khi u hinh chép. Do d6
nhiéu dong Agrobacterium tumefacien phd bién duoc thiét ké theo
kiéu octopine hodc nopaline. Agropine, mot dan Xuat cua duong
dugc tim thay phd bién trong cac khdi u l6ng ré giy ra bdi A.
rhizogenes. Agrobacterium chiu trach nhiém d6i véi sy hinh thanh
khéi u di hoa mot cach cd chon loc opine ma né tong hop duogc va sir
dung opine nhu 13 mot ngudn cacbon va nito.

Ca viéc gay ra khéi u va téng hop opine lién quan véi su c6
mat cia mdt loai plasmid cé kich thude 16n 1a Ti-plasmid (Tumour
inducing =Ti= gy ra khdi u) trong té bao vi khuan 4. tumefaciens va
Ri-plasmid (Root inducing = Ri = gay ra 16ng to) & A. rhizogenes.



Crown galls on apple branch

Hinh 1.18: Bénh khoi u hinh chép Hinh 1.19: Céc khéi u hinh
6 cidy mam x0i (Rubus) do

chop & canh tao
A.tumefaciens gay ra P

Nhiém sic thé - Ti-plasmid
vi khuin — T-ADN

Gen vir

Hinh 1.20: So' dd c4u tric té bao vi khuin
Agrobacterium tumefaciens

2.1.2. Ti-plasmid cua Agrobacterium tumefaciens

Ti-plasmid (Hinh 1.21A)duogc tim thdy trong tit ca cac dong
A.tumefaciens gay doc, co kich thuoc khoang 200-250 kb. Chung
duoc duy tri on dinh trong Agrobacterium & nhi¢t do dudi 30°C.
Biang phuong phap lai DNA-DNA va lap ban db chudi kép di hop
(heteroduplex mapping), nguoi ta da xac dinh dugc Ti-plasmid c6 4
ving twong dong. Két qua phan tich di truyén cho thiy ving T-DNA
(transferred DNA) va ving gy doc (virulence) lién quan dén su
hinh thanh khéi u trong khi hai ving khac lién quan dén sy tiép hop
va su tai ban cua plasmid trong Agrobacterium.

Trong khi hinh thanh khéi u, T-DNA duoc chuyén vao té bao
thue vat va hop nhit véi genome nhan. T-DNA 6n dinh trong
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genome nhéan. Lai Ti-plasmid véi DNA cta khéi u dd cho thdy T-
DNA trong té bao thuc vat 1 trong ing song song vi T-DNA trong
Ti-plasmid ctia Agrobacterium. Két qua nay chimg to khong c6 su
sap xép lai vi tri ciia T-DNA trong liic khdi u dugc tao thanh. Mot
hodc nhiéu ban sao cia T-DNA c6 thé c6 mit & cac doan lip ndi
tiép. Ching ciing c6 thé tach ra va lién két voi cac ving khac nhau
cua DNA thuc vat. Vi tri hop nhét cua T-DNA vao DNA thuc vt la
hoan toan ngiu nhién. Cac ving twong dong voi T-DNA di duoc
tim thdy & cac Ti-plasmid khac nhau (Hinh 1.21B ). Trong cic dong
A.tumefaciens kiéu nopaline dugc st dung pho bién. Ving T-DNA
c6 kich thuéc khoang 24 kb. O mot sd khdi u hinh chép kiéu
octopine, hai doan khong ké nhau d duoc tim thay 12 T, va Tr. T co
kich thudc 14 kb, c6 mit trong tit ca cac dong té bao dd bién nap va
¢6 chtic ning twong duong v4i T-DNA & cac dong té bao nopaline.
Tr c6 kich thude 7 kb, dugc hinh thanh tir phia bén phai cia Ti-
DNA trong Ti- plasmid, khong phat hién thiy trong tat ca cac dong
khéi u nhung khi sb ban sao cua né khac véi T, ngudi ta gia thiét 1a
d3 xdy ra mot qua trinh chuyén doc lap.

T-DNA dugc phién mi trong céc té bao khdi u (Hinh 1.23B),
tao ra nhiéu mRNA polyadenyl. Cac loai san pham phién ma cua T-
DNA tich lity lai 13 tuong ddi thap so v6i cac mRNA cua thuc vat
khac. Giai trinh tu T-DNA kiéu nopaline da cho thay c6 13 khung
doc mé 16n (open-reading frame) trong khi & T.-DNA va Tr-DNA
kiéu octopine turong tng 1a 8 va 6. Cac san pham phién ma phia cdnh
phai ctia T-DNA kiéu nopaline c6 chirc ning twong duong véi cac
san phim phién ma phia canh phai cia T.-DNA (Hinh 1.21B). Toan
bd su t6 chirc cua cac gen trén T-DNA va cic ving l4n cin 13 twong
tw v&i cac gen cua genome eukaryote mac du ching khong chira
intron. So sanh cac trinh ty, su phat sinh dot bién mat doan va gen
nhay ciing nhu sy tang sinh cua cac san phiam gen riéng 1€ ¢ E.coli
da duoc sir dung dé phat hién ra chirc ning mot sb san pham gen
duoc ma hoa boi1 T-DNA. Mot gen ¢ trong vung Ti. octopine ma hoa
enzyme octopine synthase. O Ti-plasmid nopaline, cic gen opine
synthase bao gom nopaline synthase (nos) va agrocinopine synthase
(acs). Trong Ti-plasmid octopine, vung Tr ma hoa hai protein chiu
trach nhiém ddi v6i su tong hop manopine va mot san pham cia gen
xuc tac cho su bién dbi ngugc manopine thanh agropine. Locus tmr
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ma héa mot enzyme li€n quan dén hé théng cytokinin va sy dot bién
& day din dén sy tang sinh ré tir cac khdi u hinh chép da giy ra &
mot s6 loai (cac thé dot bién ré). Cac locus tms 1 va tms 2 lién quan
dén su tong hop khong diéu hoa cua auxin va sy dot bién mot trong
hai locus gdy nén su ting sinh chdi tir cac khdi u hinh chép & nhiéu
loai thuc vat (cac thé dot bién chdi). Vi vay, T-DNA mang cac gen
(tms 1, tms 2 va tmr) ma san pham cua chung khong chiu sy diéu
hoa binh thuong cta cac con dudng chuyén héa thuc vat lién quan
dén su tong hop phytohormone va diéu nay gay ra kiéu hinh ung thu.
Do d6 cac gen tms 1, tms 2 va tmr dugc xem la cac gen ung thu. Tuy
nhién can luu y rang cac gen dugc mi hoa bai T-DNA khong doi hoi
phai chuyén T-DNA vao té bao thuc vit va ciing khong duy tri sy 6n
dinh cua né trong genome thyuc vat.

2.1.3. Ri-plasmid cta Agrobacterium rhizogenes

Su khéi dau cia bénh 16ng to do A.rhizogenes twong tu nhu
su bién nap nhd A.tumefaciens. Duéi su kiém soat cua ving giy doc,
hai ving phan tan cua Ri-plasmid duoc chuyén vao genome thyc vt
(Huffman, 1984; De Paolis, 1985). Cac vung nay c6 tén la Ty (T-left
T-DNA) va Tg (T-right T-DNA). Tr T-DNA chtra cac gen san xuét
opine (mannopine hodc agropine) va cac dong duoc dinh o dac
diém nho cac gen opine dic trung ctia chung (De Paolis, 1985). Mat
khac Tr T-DNA con chira hai gen ma hoa cho sy tong hop auxin.
Céc gen nay twong dong rat cao v4i cac gen auxin clia A.tumefaciens
va cho thdy c6 thé bo sung thém cac dong mang cic gen auxin dot
bién cua ching (Offringa, 1986). T, T-DNA khong twong dong véi
T-DNA cua A.tumefaciens (Huffman, 1984). Toan by T. T-DNA
ciia d3 dugc giai trinh ty va nd chira tdi thiéu 11 khung doc mo,
tuong tu voi cac khung doc mé da duge tim thdy & genome cua
eukaryote. Chung c6 promoter va cac yéu td polyadenine hoa can
thiét dé thuc hién chirc ning khi chuyén vao trong genome thyc vat
(Simpson, 1986). Cac gen nay khong twong ddng vai bat ky gen nao
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Hinh 1.21: Céu triic va sw biéu hién ciia Ti-plasmid kiéu octopine va
nopaline

A. Ban dd cua Ti-plasmid kiéu octopine (pTiAch5) va kiéu nopaline
(pTiC58) cho thiy vi tri twong d6i va kich thudc cia cac ving chirc ning
chinh.

Céc vi tri to dam chi cac ving twong dong 16n cta 2 plasmid.

//: Cac doan 1ap truc tiép 25 bp; CON: viing ma hoa chirc ning tiép hop
ORI: viing mi hoa chirc ning tai ban va khdi diém tai ban

B. Ban d6 ctia viung T kiéu nopaline va octopine cho thdy cic ving chirc
nang chinh, cac ving twong déng va cac san pham phién ma.

Cac san pham phién mi d3 duoc biét 1a: 3(nos): nopaline synthase; 3
(ocs): octonopaline synthase; acs: agrocinopine synthase; 1(tms 1):
tryptophan mono-oxygenase; 2(tms 2): indole-3-acetamide hydrolase;
4(tmr): DMA transferase; agr: 3 san pham phién ma can cho sy tong hop
agropine.
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d3 biét va ciing khong c6 su twrong dong c¢6 ¥ nghia nao ddi véi T-
DNA (kiéu octopine) cua A.tumefacien. Tr T-DNA 1a khong can
thiét d6i véi sy duy tri kiéu hinh 16ng to. Tuy nhién ¢ nhiéu loai, cac
dong Agrobacterium c6 ca Ty va Tr T-DNA 1a doc nhiéu hon so véi
cac dong chi mang mdt T-DNA (Vilaine va Case-Delbart, 1987).

2.2. Co ché chuyén T-DNA

Céac vung T-DNA cua ca A.tumefaciens va A.rhizogenes déu
nam & bén canh cac doan lap truc tiép 25 bp (Hinh 1.11) va cac diém
két thuc ciia T-DNA da hop nhat trong genome thyc vat nam sat voi
cac trinh ty nay. Trinh tu lién Gng cua bién T-DNA la
GGCAGGATATT "G GTSTCTAAM™C, Hau hét cac nghién ciru
co ché chuyén T-DNA tir Agrobacterium vao té bao thuc vat da
duoc tién hanh & A.tumefaciens. Viéc loai bo bo phai cua Ti-plasmid
kiéu nopaline d3 1am mét sy hinh thanh khéi u, nhung khi doan
oligonucleotid twong ddng véi bd phai duoc tao dong voi su dinh
hudng chinh xac v6i Ti-plasmid thiéu bo phai thi sy hinh thanh khéi
u lai dugc phuc hoi (Wang, 1984), cho théy réng cac trinh tu 1dp 25
bp phan cuc va tac dong déu (cis-acting).

Su tiép xtic cua Agrobacterium voi cac hop chat giai phong tir
mo thuc vat bi ton thuong di 1am cho ving vir ciia Ti-plasmid phién
ma (Hinh 1.22). Trong qué trinh nay mot chat c6 hoat tinh hoa hoc
cao va dac trung da dugc nhan biét 1a acetosyringone. Gen vir A va
gen vir C dugc biéu hién ¢ vi khuan sinh truong sinh dudng mic du
gen vir C chi dugc phién ma & mac do thap. Khi Agrobacterium gip
dich ri cua céc té bao thuc vat bi ton thuong, hodc acetosyringone
tinh khiét, sin pham ctia gen vir A (c6 thé lién két v6i mang) sé& nhan
dién va twong tic voi acetosyringone va truyén tin hiéu ngoai bao
vao trong t& bao nay lam hoat héa san phdm cua gen vir C. Sau d6
protein vir C da bién ddi hoat hoa lam cho céc gen vir B, C, D va E
khong hoat dong va lam tang cuong su phién ma cia gen vir C.

Sy cam Ung gen vir xay ra nhd sy xuét hién cac diém dut soi
don trong cac trinh tu bién 25 bp nim ¢ mép cia T-DNA (Stachel
va Zambryski, 1986; Albright, 1987) va su xuét hién phan tir sgi don
mach thang twong Gmg v6i T-DNA (Hinh 1.22). Cac san pham cua
operon vir D ¢6 hoat tinh endonuclease (Yanofsky, 1986). Bang mot
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co ché twong tu su tiép hop cua vi khuan, T-DNA dugc chuyén sang
té bao thuc vat va xen mot cach 6n dinh vao DNA nhén (Stachel va
Zambryski, 1986). Su kién nay c6 thé lién quan dén protein dugc ma
hoa bdi operon vir E (Winans, 1987). M6 hinh mo ta céc su ki¢n xay
ra & mic phan tir trong sy twong tic gitra t& bao thuc vat va
Agrobacterium dé hinh thanh khéi u hinh chép duoc trinh bay & hinh
1.22.

2.3. Plasmid Agrobacterium 13 vector bién nap

Kha ning chuyén mot cach tu nhién cic trinh tw DNA xéc
dinh vao genome thuc vat cua Agrobacterium da dugc st dung vao
vi€c phat trién cac vector bién nap thuc vat. Cac vector nay loi dung
mot sb ddc tinh bam sinh ctia Agrobacterium 13 qué trinh bién nap
trung gian (mediated transformation process). Vao dau thap nién
1980, mot sé6 nhém nghién ciru Ti-plasmid da loai bo tat ca cac gen
onc cia T-DNA. Kham phé quan trong thi nhét 13 cic gen onc nay
khong can thiét ddi véi viéc chuyén T-DNA vao té bao thuc vat va
khong hop nhat vao DNA nhén. Vi vy cac gen ndy c6 thé duoc thay
thé. N6 khong chi cho phép xen DNA ngoai lai vao ma con cho phép
loai bo cac chirc ning ciia gen onc. Tuy nhién can luu ¥ rang, nos
hodc ocs 1a cac gen marker hitu ich dbi vé6i su bién nap boi vi hoat
tinh enzyme cua cac san pham gen cua ching c6 thé dugc phat hién
bang mot xét nghiém don gian. Cho dén nay, giéi han kich thudc
ctia doan DNA xen vio chua dugce cong bd. Sy kién quan trong thir
ba 1a sy kham pha céc san pham cta gen vir con hoat dong chirc
ning trong trans. Cudi cung, T-DNA khong giy ung thu c6 mit
trong toan bd thuc vat tai sinh dugc truyén lai cho thé hé sau theo
kiéu di truyén Mendel.

2.4. Céc thanh phan co ban cua vector Ti-plasmid khong gay ung thu

Pic diém cua chuyén gen qua trung gian Agrobacterium la
bat ky DNA nao dé tao dong déu co thé duoc chuyén vao genome
cua té bao thyc vat hai 14 mam. DNA ngoai lai phai dugc nam & mép
cac trinh ty bién cia T-DNA va duy tri 6n dinh trong dong
Agrobacterium mang nhom bo sung day du cta cac gen vir dang cis
hodc trans (dinh vi trén plasmid hd tro gy ddc phan tan). Cac gen
trén nhidm sic thé cua Agrobacterium két hop véi ving gy doc da
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dugc mod tad va cd lién quan voi vi¢e vi khuan nhén ra mot thanh
phan cua bé mat t€ bao thyuc vat, r61 gan vao sau do.

o)
VirG Lo
pruteira w @
Té bao thyic vt
& 2 ld mim bi tén thuong

Ti-plasmid @'
Té bao Agrobacterium
sinh dugng

Agrobacterium tiép xic
vdi bé mit té bao thyc vit

Té bao Agrobacterium
da hoat hoa ASl

trinh tf Iip 25 b

Sy téng hop sgi
T-DNA mdi

Genon!e
mhén t€ bao
thuc vit

\

Hinh 1.12: Sy twong tac giita Agrobacterium véi té bao thue vat
va co ché chuyén T-DNA
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Pé nhan ra cac té bao da duoc bién nap, cac gen troi khang
thudc khang sinh cta vi khuan d3 duoc xen vao trong cac trinh ty 1ap
25 bp dudi sy kiém soat cia T-DNA promoter va cac tin hiéu
polyadenyl hoa. Cac gen khang thudc khang sinh dang kham nhu thé
biéu hién mot cach c6 hi€u qua trong té bao thyc vat & bat ky moi
truong di truyén ndo. Viéc lién két mot cach chat ché cac gen marker
vo1 DNA ngoai lai c6 2 1ot ich: thir nhét 1a dé chon loc truc tiép cac
mé thuc vat da duge bién nap DNA ngoai lai vao mgt cach chic
chén; th hai 1a dam bao DNA ngoai lai trong cac dong bién nap dic
trung da chon loc khong xen vao vung genome khong dugc phién
ma.

2.5. Cac vector bién nap thuc vat khong giy ung thu dua trén Ti-
plasmid

Ca A.tumefaciens va A.rhizogenes déu dugc st dung dé
chuyén DNA ngoai lai vao té bao thuc vat. Nhiéu vector bién nap
dua trén Ti-plasmid di duoc phat trién (Bang 1.1 va bang 1.2). Cac
vector nay khong chtra bat ky trinh tir ung thu nao va vi vy té bao
thuc vat co thé sinh trudng binh thuong sau khi chuyén DNA vao
nhan cta né. Cac vector khong gy ung thu hién dang st dung c6 thé
duoc chia lam hai loai 1a cis va trans, dya vao viéc c¢6 hay khong céc
ving T-DNA nam ¢ mép céc trinh ty lap truc tiép 25 bp trén cung
don vi tai ban (replicon) nhu cac gen vir hoac trén mdt plasmid phan
tan (Hinh 1.13). Trude day, loai vector thuong dugc dé cap dén 1a
vector lién hop (co-intergrative vector), tuy nhién gan day vector nhi
thé (binary vector) 14 pho bién hon.

2.5.1. Cis vector

Pay la cac vector c6 ngudn goc tir Ti- plasmid kiéu dai ma gen
onc trén T-DNA da duoc loai bo va trong mot s6 truong hop duoc
thay thé biang mot doan DNA dic hiéu c6 ving tuong dong vo1 mot
vector tao dong nhoé ma chi co thé tai ban ¢ E.coli. Chién luoc vector
nay phu thudc vao su lién hop trong A.fumefaciens gitta cac vung
tuong dong trén Ti-plasmid da stra d6i (hd tro mang gen vir) va mot
vector tao dong nho & E.coli (vector trung gian) mang gen marker
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chon loc s& hoat dong chirc ning trong cac t& bao thuc vat va cac
trinh ty duy nhét cho viéc xen DNA ngoai lai vao.

Vector trung gian mang trinh ty DNA ngoai lai thuong duoc
dua vao A.tumefaciens bang su tiép hop va st dung su chon loc thich
hop s& thu dugc thé nhan tiép hop v6i DNA ngoai lai da 6n dinh
trong T-DNA 1a két qua cua tai to hop twong dong (Hinh 1.23A).

Vector

trung gian
s RES

Plasmid hé tr¢
mang gen VIR

Hinh 1.23: So d6 hé thong vector lién hop (A) va vector nhi thé (B)
VIR: viung gy doc; HOM: cac ving tuong ddng trong d6 sy tai ban co thé
xay ra d6i véi su lién hop; LB: bién trai; RB: bién phai; MCS
(multicloning site): cac trinh tu tao dong; PTM: marker bién nap thuc vat;
RES: marker khang thube khang sinh dé chon loc d6i vé&i su c6 mit cua
cac trinh ty vector trong vi khuén chu; oriT: khéi diém chuyén; ColE1l:
khoi diém tai ban tir plasmid ColE1; RK2: ving c6 phd khoi diém tai ban
rong, c6 ngudn goc tir pKR2
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O mot s6 vector nhu pGV3850 (Hinh 1.24), ca hai bién cua
T-DNA 1a & trén Ti-plasmid dd stra ddi. Trong cic vector nhu
pGV2260 (Debleare, 1982), cac trinh ty 1ap 25 bp 1a & trén vector
trung gian, trong khi ¢ vector pTiBS3-SE (Fraley, 1985), bién phai
la & trén vector trung gian va bién trai ¢ trén gen vir cua plasmid.
Bit ky & dau trong céc vi tri khoi ddu cta céc trinh tur lap 25 bp, két
qua thuc sau khi lién hop 1a su xen cac trinh twy DNA ngoai lai & bién
T-DNA lap lai trén Ti-plasmid da sua d6i. Vi vdy 0 cac dong
A.tumefaciens mang ciu trac nay, T-DNA duogc chuyén vao genome
thuc vat trong sudt su bién nap 1a két qua hoat dong cua ving vir
dang cis.

"
[
_— »  NOS
1kb pBR322 pGV3850
T4i t6 hop tuong dong
H LB
] d
1 Bl

Hinh 1.24 : Céu tric va su sir dung vector lién hop pGV3850

Bén dd cho thiy cau triic ctia vector bién nap thuc vat pGV3850 va vector
trung gian pGV1103 va két qua cia viéc hop nhat pGV1103 vao
pGV3850. LB: bién trdi; RB: bién phdi; Pnos: promoter nopaline
synthetase; npt-II: trinh ty ma héa neomycin phosphotransferase-II tir Tn5;
ocA: trinh ty polyadenyl hoa octopine synthase; E: EcoRI; H: HindlIII; B:
BamHI; nos: nopaline synthase; Ap®: gen khang ampicillin; Km®: gen
khang kanamycin
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Mot vi du chi tiét vé vector cis 1a pGV3850 (Zambryski,
1983). Vector nay di duoc loai bo cac gen onc cia Ti-plasmid kiéu
nopaline (C58) va thay biang pBR322 (Hinh 1.25). Bit ky trinh tu
DNA ngoai lai nao da duoc tao dong trong pBR322 déu c6 thé dua
vao pGV3850 bang qua trinh chuyén vao Agrobacterium theo cach
tlep hop tai t6 hop bao gdm hai bude. Trude hét pPBR322 mang gen
can chuyén va mot marker khang thudc khang sinh cho phép chon
loc Agrobacterium (kanamycin hodc streptomicin/spectinomycin)
duoc dua vao dong Ecoli chira hai plasmid hd tro pGI28 va
pRGdrd11. Cac plasmid nay cung cap ColEl c6 chirc ning hd tro,
cho phép chuyén ca 3 plasmid vao Agrobacterium qua tiép hop. Tuy
nhién pBR322 khong thé tai ban trong Agrobacterium va vi viy né
s& khong duoc bao ton, nhung su tai to hop c6 thé xay ra giira
pBR322 va pGV3850 lam cho gen quan tdm dugc chuyén vao Ti-
plasmid. Thé nhén tiép hop c6 thé dugc chon loc nhd tinh khang do
plasmid ma hoéa va tinh khang rifampicin do nhiém sic thé cua
Agrobacterium ma hoa.

2.5.2. Vector nhj thé

Vector trans hodc vector nhi thé duoc dya trén cac plasmid co
thé tai ban & ca E.coli va Agrobacterium va cac plasmid nay c6 chira
cac trinh tu bién ciia T-DNA (Hinh 1.23B). Cac vector niy c6 thé
dugc thiét ké sao cho céac trinh tu bién canh MCS cho phép xen
DNA ngoai lai vao va cac marker cho phép chon loc tryc tiép cac té
bao thue vat di dugc bién nap. Plasmid c6 thé dugc thao tac & trong
E.coli va dugc chuyén vao qua su tiép hop voi cic dong
Agrobacterium mang plasmid c6 chtra ving vir nhung thiéu T-DNA
va céc trinh tu 1ap 25 bp. Cac plasmid nhu thé thudng 1a cac thé dot
bién mét doan don gian cua Ti- plasmid octopine kiéu dai hodc kiéu
nopaline (Bang 1.2). Vigc chuyen DNA ngoai lai trén vector tao
dong vao té bao thuc vat ¢ thé duoc thuc hién do hoat dong chirc
nang cua vung vir.

pBin19 la mgt vector nhi thé phé bién dua trén don vi tai ban
(replicon) vat chi mo rong ciia pRK252 (Hinh 1.25A). Vi vy nd ¢6
thé tai ban trong ca E.coli va Agrobacterium, cho phép xen DNA
ngoai lai vao vector va sang loc trong E.coli trudc khi chuyén vao
Agrobacterium. Vector nay chira marker khang kanamicin (Km")
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EcoRl  Kpnl Smal BamHl  Xbal Sall  Hind il

Multicloning site

Km™ L

A. tumefaciens

vir
X LBA4404
-

Hinh 1.25 : Céu triic va su sit dung vector nhij thé pBin19
A. Ban d6 cua vector nhi thé pBin19
LB: bién trai; RB: bién phai; lac: ving bd sung a ciia operon lac; Pnos:
promoter gen nopaline synthetase; npt-II: trinh ty ma hdéa neomycin
phosphotransferase-1II tir Tn5; nosA: trinh tu polyadenyl héa gen nopaline
synthase.
B. Su xam nhap cua pBinl9 vao 4.tumefaciens LBA4404 st dung plasmid
hd tro pRK2013 va sau d6 loai bo plasmid hé trg trong Agrobacterium.

gitip chon loc truc tiép ¢ trong vi khuan ciing nhu cac trinh tir bién
T-DNA ¢ canh mot marker chon loc trdi véi muc dich str dung trong
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cac té bao thuc vat (mot gen khang kanamicin nim canh promoter
nos va trinh ty poly(A) thém vao) va mot MCS & trong ving bd sung
a cila B-galactosidase. Su sang loc cac thé tai t6 hop c6 thé duoc tién
hanh & Lac E.coli nhd sy bd trg o voi sy ¢ mit cia IPTG va X-
GAL (Groneborn va Messing, 1978). Vector nay c6 thé duoc dua
vao Agrobacterium bang su tiép hop str dung cac chic ning hd trg
cua pKR2013. Agrobacterium chu LBA4404 chira Ti-plasmid
(pLBAA4404) da loai bo T-DNA nhung vung vir van khong doi. Thé
nhan tiép hop cé thé dugc chon loc nho tinh khang kanamicin va
rifampicin.

Vi du vé hé théng vector nhi thé duge trinh bay ¢ bang 1.2.
Céc vector nhi thé nay khac nhau vé kich thudc, su tai ban 6n dinh
trong Agrobacterium, cac vi tri tao dong, sy b tro a dé co thé sang
loc plasmid tai t6 hop trén cac dia X-GAL, cac gen marker dé chon
loc cac thyc vat bién nap va céc gen marker dé chon loc cac thé nhan
tlep hop, nhung phan 16n duoc biét 1a thich hop véi mot s6 plasmid
hd trog mang gen vir cua A.tumefacien cling nhu voi nhidu Ri-
plasmid.

2.6. Vector bién nap thuc vat st dung 4.rhizogenes

Céc vector ndy dugc sir dung 1an dau tién khi bién nap vao
cac loai thuc vat ma su tai sinh toan bd co thé tir cac té bao don 1é 1a
khé khan. O mot s loai, sy tai sinh co thé c¢6 thé xdy ra tur sy nuoi
ciy ré gy ra boi A.rhizogenes thong qua sy phat trién phoi soma
hodc sy phat sinh co quan. Co ché kiéu hinh 16ng ré bi trc ché 1am
phat sinh hinh thai chdi hién nay chua rd. Thyc vat tai sinh tir 16ng ré
thuong bi bién ddi hinh thai: 14 bi gip nép, hé thdng ré in nghiéng,
sinh truéng can cdi va kha ning sinh san kém.

2.6.1.Vector lién hop

Pay 1a vector trung gian duoc thiét ké cho phép thao tac &
E.coli va chtra ving T-DNA cua Ri-plasmid. Su dan nhap vector vao
A.rhizogenes mang mot Ri-plasmid binh thuong lam 6n dinh céc
trinh ty cua vector trung gian 1a két qua cua tai t6 hop twong dong
ndi phan tir trong Ri-plasmid (Jensen, 1986).
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2.6.2.Vector nhj thé

Vector nhi thé d3 loai bo hét kha ning gy hai c6 ngudn gbc
tir A.tumefaciens (Bevan, 1984; Van den Elzen, 1985) c6 thé dua
vao A.rhizogenes va sé tai ban 6n dinh mién 1a sy chon loc duogc duy
tri. Sau d6 nhiém A.rhizogenes mang vector nhi thé vé4i thuc vat sé
lam chuyén T-DNA tir vector nhi thé cung véi T-DNA cua
A.rhizogenes vao genome thyc vat (Shalin, 1986; Simpson, 1986).
Céac gen nay khi chuyén vao genome thyc vat duoc dinh vi ¢ gitra
cac trinh ty bién cua vector nhi thé. Cac trinh tu bién cua vector nhi
thé nay c6 tac dung sau khi su cam ng cua ving vir ciia Ri-plasmid
kiéu dai & ngay tai chd (Simpson, 1986; Trulson, 1986). Diéu nay c6
thé xay ra 1 do d6 twong dong 16n, & mic DNA, giita cic ving giy
doc (virulence region) cua A.tumefacien va A.rhizogenes (Huffman,
1984).

Gan day 1ong to (hairy root) ca chua va dwa chudt da dugc tao
ra boi A.rizhogenes kiéu dai mang vector nhi the vO1 marker chon
loc Km'. Thé tai sinh tr moi trudng nudi cdy léng ré khang
kanamicin nay da duoc sang loc dbi véi thuc vat kiéu hinh binh
thuong va mot sb6 d3 duoc phuc hdi ma thiéu T-DNA cua
A.rizhogenes nhung c6 mat T-DNA cua vector nhi thé (Shalin, 1986;
Trulson, 1986) 13 do sy chuyén doc 1ap ciia cac T-DNA tach roi. Pac
tinh nay cua A.rhizogenes lam cho nd tr¢ nén hap dan nhu 1a mot
vector bién nap néu nhu qua trinh nay c6 thé dugc mé rong d6i véi
nhiéu loai cay trong khac.
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Chuong 2
Cac phwong phap chuyén gen

Nhiéu phuong phap khac nhau da dugc phat minh dé dua gen
vao té bao va md dong vat va thuc vat. Ky thuat don gian nhét 1a
chuyén DNA trin bang vi tiém (microinjection), xung dién
(electroporation), sing ban gen. Cac phuong phap phtic tap va hiéu
qua hon bao gém st dung cac phirc hop lipid-DNA (liposome),
vector virus, t& bao goc phoi, chuyén gen gian tiép nho vi khuan
Agrobacterium, chuyén gen bang siing ban gen... Tuy thudc vao dbi
tuong chuyén gen ma nguoi ta lya chon phuong phap chuyén gen

phu hop.

1. DEAE-dextran

DEAE-dextran 1a mét polycation. Pay 1a tdc nhan hoa hoc
dau tién dugc sir dung dé chuyén DNA vao té bao dong vat nudi cay.

Trong phuong phap nay, DNA ngoai lai dugc cho vao mdt
truong nudi cdy voi sy c6 mit cia DEAE-dextran. DEAE-dextran s&
két hop voi DNA tich dién am (Hinh 2.1). Su du thira dién tich
duong trong phitc hop DNA-polycation do sy doéng gop cua
polycation, cho phép phirc hop nay di dén két hop chit ché hon véi
mang té bao tich dién am. Sy xdm nhap cua phic hop c6 thé dat
duogc nho sy nhap bao (endocytosis).

DEAE-
Dexiran

/|

DNA

Hinh 2.1: Sw két hop giita DEAE-dextran va DNA
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Phuong phap nay dugc s dung thanh cong trong viée chuyen
DNA vao cac té bao biéu hién nhat thoi, c6 nghia 13 thoi gian biéu
hién ngdn chi vai ngdy trong qud trinh nghién ciu. Tuy nhién,
phuong phap nay noi chung la khong hitu ich d6i véi cac nghién ciru
can sy chuyen nhlem 6n dinh dya vao su hop nhat cia DNA ngoai
lai vao nhlem sdc thé, hiéu qua blen nap thap, chi dugc str dung cho
mot s6 loai té bao va cho két qua tt ddi véi té bao ex vivo.

~ Cac polycation khac cling da duoc sir dung dé chuyén DNA
vao t€ bao nhu polybrene, polyethyleneimine va dendrimers.

II. Ky thuit calcium phosphate

K¥ thuét calcium phosphate (calcium phosphate technique) da
duogc phat trién dau tién 1a dé xac dinh su 1y nhiém cia DNA virus
(Graham,1973) va hién nay dugc sir dung réng rai dé thir nghiém
hoat dong bién nap ctia DNA virus ciing nhu DNA tach chiét tir cac
té bao eukaryote (Wigler, 1978; Graham, 1979; Pellicer, 1980).

K¥ thuat nay yéu cu u cc té bao nhan véi cac chat dong két
tuia DNA va calcium phosphat (Hinh 2.2). Két tua nay bam vao té
bao va sau do s¢ hép thy vao té bio qua qua trinh 4 am bao (Loyter,
1982). Trong té bao, cac phan tr DNA ngoai lai nam trong khong
bao duge tao thanh do 4m bao va lysosome thtr hai nhung rt it DNA
di dén nhan va hop nhét vao genome chu.

"/ Ca~

<@, Ca"
Calcium

¢ /“ Phosphate

Ca~
DNA

Hinh 2.2: Phirc hgp DNA-calcium phosphat
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Cho dén nay, day la ky thuat vo cung c6 gia tri d6i véi cac
nghién clru chuyen gen vao cac té bao soma nuoi cay va dang dugc
sir dung nhiéu dé chuyen cac dong genome vao té bao dich. Ti 1é cac
té bao dugc bién nap on dinh cta ky thuat nay 1a tuong duong voi
phuong phap vi tiém nhung khac voi vi tiém la nhiéu té bao dugc
bién nap cung mot lan Hon nita, bién nap DNA tach chiét tir cac té
bao ung thu vao cac té bao nhan khong ung thu da cho thay day la
phuong phap duy nhat dé nghién ciru su kiém soat di truyén ctia ung
thu. Phuong phap ndy duogc s dung phd bién boi vi don gian,
protocol dé thuc hién, it tdn kém, s6 té bao chét sau bién nap khong
dang ké, su biéu hién gen cO thé 1a nhét thoi hodc 6n dinh va quan
trong trong viéc thiét ké vector virus tai to hop. Tuy nhién hiéu qua
bién nap va mtrc 46 biéu hién cta gen chuyén thp.

II1. Chuyén gen qua liposome

Vao thap nién 1980, liposome nhan tao da dugc st dung dé
dua DNA viao té bao. Lipid véi toan bo luéi tich dién dwong ¢ pH
sinh 1y 1a thanh phan lipid téng hop phd bién nhat cua liposome
duogc phat trién cho chuyén gen (Hinh 2.3). Thuong thi lipid cation
dugc tron voi mot lipid trung tinh nhu L-dioleoyl phosphatidyl-
cthanolamine (DOPE) (Hinh 2.4). Phan cation cta phan tir lipid két
hop v&i DNA tich dién am va két qua la chua day DNA trong phuc
hop liposome-DNA (Hinh 2.5). P6i véi cac té bao nudi cay, toan bd
ludi tich dién duong cua phttc hop liposome-DNA ndéi chung 1a gay
ra hiéu qua chuyén gen cao hon béi vi né cho phép phirc hop nay két
hop v&i mang té bao tich dién Am bén hon. Nhd co ché nhép bao,
cac phirc hop xuét hién trong endosome va sau d6 di vao nhan (Hinh
2.6). Chua 1o DNA duogc phong thich tir endosome va di qua mang
nhan nhu thé nao. DOPE dugc xem 1a mot lipid kich thich sy dung
hop va vai tro cua né 1a phong thich cac phirc hop nay tir endosome
cling nhu 1am cho sy dung hop ctia mang té bao phia ngoai véi phtic
hop liposome-DNA xay ra dé dang. Trong phuong phap ndy, cac dai
phan tir trudc hét duoc dua vao trong cac tii phospholipid. Céc loai
tai khac nhau da dugc mo ta, nhung tui mdt 16p mong 1a thich hop
nhit cho chuyén gen vi chung c6 ti 1& khoang trong chira nudc & bén
trong twong ddi cao d6i véi mdi don vi lipid va béi vi chiing c6 ti 1&
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phan phdi cao hon. Sy dung hop cua liposome voi mang plasma la
mot sy kién hiém. Hiéu qua bién nap cua phuong phap nay thip hon
s0 vOi phuong phap vi tiém vao tién nhan. Cac nd luc nghién ctru
dang duoc tién hanh dé tim ra cac diéu kién thi nghiém ma co the
lam tang sy phong thich cic phan tir da két nang tir con duong am
bao.
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Hinh 2.3: Céu triic tong quat ciia lipid cation tong hop
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Hinh 2.5: Phirc hop liposome-DNA
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Hinh 2.6: So d6 hoat dong ciia vector liposome

Liposome dd duoc sir dung dé dua protein, lipid va cac phan
tir nho vao nhiéu loai té bao nudi cay, tuy nhién hiéu qua thap hon vi
tiém ddi voi RNA hodc protein. Ciing nhu thé, chuyén gen qua
liposome va su biéu hién cua gen chuyén 1a khong vuot qua dugc
cac phuong phap chuyen gen thong thuong (nhu hé théng virus), su
biéu hién gen chuyén thuong nhat thoi, su e ché bdi cac thanh phan
ctia huyét thanh c6 thé xay ra. Bén canh d6, k¥ thuat nay c6 nhiéu vu
dlem la gen chuyen s& khong hop nhat vao genome chu, ¢6 hiéu qua
t6t d6i voi ca te bao in vitro va in vivo, ¢b thé mang dugc cac DNA
c6 kich thudc rat 10n, do tinh khiét cao, khong gy mién dich, c6 thé
str dung véi cac té bao ma bién nap bang ky thuit calcium phosphat
khong co6 hi¢u qua..
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Ung dung trong tuong lai ctia k§ thuat nay chii yéu s& 1a kha
ning phan phdi thudc vao cac té bao cua co thé song. Hién nay k¥
that ndy dang duoc phat trién dé cai tién su phan phdi dic hiéu cua
liposome bang cach ghép cac khang thé dic hiéu v6i bé mit cia
liposome dich.

IV. Phuong phap vi tiém

Sy thanh cong dau tién trong nghién ctru tao chudt chuyén gen
bang phuong phap vi tiém vao tién nhan di dugc cong bd vao nim
1980 (Gordon, 1980). Mic dau cau trac to hop gen chuyén dugc
ching minh la da tich hop vao genome cua chudt, n6 da duoc sap
xép lai nhung gen ngoai lai khong dugc biéu hién. Céc cong. bb tiép
theo (Brister, 1981; Costantini va Lacy; 1981) ching minh rang voi
phuong phap vi tiém, cac gen chuyen da tich hop va c6 kha nang
biéu hién. Vao nim 1982, 1an dau tién sy thay d6i kiéu hinh c6 thé
nhin thay & chudt nhét chuyén gen di dugc mo ta (Palmiter, 1982).
Pay 1a két qua biéu hién cua gen hormon sinh truéng chudt cong &
chudt nhat. Tir d6 dén nay da c6 rat nhidu cac cong trinh vé chuyén
gen, trong d6 phan 16n 1a cac nghién ciru hiéu qua cua gen vi tiém
v&i su sinh truéng cua dong vat c6 vl va bénh hoc.

Nguyén tic cia phuong phap vi tiém la mot lvgng nho DNA
dugc tiém tryc tiép vao nhan té bao phdi tran hoic té bio nguyén
ven mdt cach co hoc dudi kinh hlen vi. Phuong phap nay cho phép
dua gen vao dung vi tri mong mudn & timg té bao véi hiu qua tuong
d6i cao.Tuy nhién do doi héi phai tinh vi, ti mi va cuc ky chinh xac
nén han ché sb luong té bao vi tiém va ngoai ra con co thé 1am ton
thuong dén t& bao phoi do tac nhin co hoc gy ra khi tién hanh vi
tiém.

Dé bién nap gen vao té bao bang phuong phap vi tiém trudc hét
phai ché tao kim tiém va kim giit. Kim duoc tao ra tir nhiing ong
thuy tinh déo capillar duong kinh 0,1-1,5 mm c6 soi bang wolfram
manh & trong nhd hé thong thiét bi lam kim. Hé théng nay gdm co
may kéo kim tu dong (pipette puller), may mai kim va méy gia c6
kim.



63

Hinh 2.7: Vi tiém gen ngoai lai vio tién nhin cia trimg thu tinh

Pé tao kim tiém trude hét phai tao ra dau kim nhon nhd may
kéo kim. Sau d6 s dung méy gia c¢6 dé cat diu nhon cia 6ng
capillar sau khi kéo tao ra miii kim tiém c6 duong kinh thich hop.
Puong kinh bén trong mii kim tiém tuy thudc vao loai té bao
chuyén gen. P6i véi tring tién nhan dong vat c6 va cd duong kinh
khoang 70 um thi duong kinh ctia kim tiém khoang 0,75 um la thich
hop, d6i v6i phoi ca mot té bao duong kinh ciia kim tiém 1a khoang
3-4 um. Cudi cing dua kim 1én may mai dé 1am sic nhon va tron
lang dau kim (Hinh 2.8).

Kim giit dugc ché tao tir nhitng dng capillar c6 dau nhin binh
thuong dé ¢d dinh tring trong qué trinh vi tiém. Dé tao kim gitr,
dung may kéo kim tu dong dé tao ra dau kim nho sau d6 dung but
kim cuong hodc soi platin dot nong cit bét dau nhon dé tao ra dau
kim v6i duong kinh thich hop. Lam nhén dau kim giit bang cach dé
dung kim nay ngay trén mit doan cong platin cia may gia cd. Bt
néng soi platin va diéu chinh dau kim giit cho né chay tir tir. Quan
sat dudi kinh hién vi va dung lai khi dau kim da dat yéu cau.
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Vi tiém duoc tién hanh trén hé théng thiét bi vi tiém (Hinh 2.9).
H¢ thong nay gém c6 hai bd phan chinh 1a kinh hién vi va may vi
thao tac.

Hinh 2.8 : Cac may lam kim (Hang Narishige)
1. May gia ¢ kim Microforge
2. Méy mai kim
3. Méay kéo kim tu dong Pipette Puller

Kinh hién vi ding cho muc dich nay 1a kinh hién vi soi
nguoc (vat kinh xoay ngugc 1én). Do phong dai thich hop cho viéc
tién hanh vi tiém vao phodi cad mot té bao 1a khoang tir 40-60 lan.
May vi thao tac gdm 2 phan giéng hét nhau duoc b tri hai bén kinh
hién vi, mot diung dé diéu chinh kim tiém, mot dung cho kim gitr.
Tinh nang ciia may nay la cho phép diéu chinh cac kim theo khong
gian 3 chleu Kim tiém va kim gitr dugc lap vao may vi thao tac va
dugc nbi voi syringe qua éng bang chat déo dugc nap day dau
parafin.

Chuén bi dung dich gen chuyén: gen chuyén dugc xen vao
trong mot vector plasmid va tao dong trong E.coli. Cac vi khuan
bién nap mang plasmid tai to hop dugc phat hién trong moi truong
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nudi ciy c6 thude khang sinh do plasmid mang cac gen khang thudc
dic hiéu. Cac vi khuan séng sot duoc sinh truong trong moi trudng
dinh dudng thich hop va plasmid tai t6 hop mang gen chuyén s&
dugc sao chép mdi khi té bao vi khuan phén chia. Sau d6, hang triéu
ban sao cua plasmid tai t6 hop mang gen chuyen dugc tach chiét tir
cac té bao vi khuan nay va cac doan gen chuyen dugc tach ra tu
plasmid tai t6 hop nho st dung enzym han ché. Dé

o™

Hinh 2.9: May vi thao tac Olympus (Hang Narishige)
1. Kinh hién vi soi nguoc 2. May vi diéu chinh

tinh sach, gen chuyén duoc dién di trén gel agarose. Hoa tan gen
chuyén trong dung dich dém dic trung (nhu dung dich Tris-EDTA;
dung dich TE...) va tinh ndng d6 dung dich gen chuyén nhd quang
phd ké. Nong do dung dich DNA str dung cho vi tiém thuong la 1-5
pg/ml. Trude khi chuyen vao phoi, gen chuyen duoc kiém tra sy
biéu hién trong cic té bao nudi cdy bang su chuyén nhiém
(transfection).

Vi tiém duogc tién hanh qua cic budc: nap gen vao kim tiém
bang phuong phap capillar (ngdm dau kim tiém vao dung dich gen
khoang 10-12 gio) hodc bom truc tiép dung dich gen vao, lap kim
tiém va kim giit vao may vi thao tac, chuyén trimg tién nhan vao dia
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petri co chira méi truong duoc dat dudi kinh hién vi, giit trimg tién
nhan vao dau kim giir bang luc hat cua syringe, diéu chinh kinh hién
vi dé xac dinh dia ph6i va diéu chinh may vi thao tic dé dua kim
tiém vao vi tri ctia trimg tién nhan, day gen vao tring tién nhan bang
cach vian nhe syringe. Khi thdy trimg tién nhan hoi phong to va tro
nén sang hon thi dirng lai va kéo nhanh kim tiém ra. Tring tién nhan
sau khi tiém duoc di chuyén xa dén cudi dia petri true khi tiém
trimg tién nhan tiép theo. M&i mot nhom tring tién nhan da hoan
thanh duoc chuyén sang mot dia moi truong khac dé ép va danh gia
bang mat trong mot vai tiéng. Sau do tat ca cac tring tién nhan duoc
nhin thdy r6 rang va duoc chuyén vao dng dan trimg cia con cai
nhan.

Cho dén nay, trong cac k¥ thuat chuyén gen vao dong vat thi
phuong phap vi tiém dung dich DNA vao hop tir 1a phuong phép co
hiéu qua nhét trén dong vat c6 va va hién 13 phuong phap cha yéu
duogc sir dung dé chuyén gen vao vét nudi.

Déi véi thyuce vat thi phuong phap nay dugce st dung dbi voi cac
té bao tién phoi cta hop tir hodc cac té bao tién phoi cua hat phan.

Tuy nhién sy xAm nhédp ciia gen chuyén vao DNA té bao vat
cht 1a mét qua trinh ngiu nhién va xac suat dé gen chuyén xen vio
vi tri DNA vat chad ma s& cho phép n6 biéu hién 1a thap. Hiéu qua
cta vi tiém la khong cao (Bang 2.1).

Bang 2.1: Hiéu qua vi tiém & mot s6 loai dong vat
(Hammer va cong su, 1985)

Loai S6 lwong S6 lwong S6 lwong
dong vat trang dwoc | con sinh ra tir con chuyén
vi tiém tring vi tiém gen
Tho 1907 218 (11,4%) 28 (1,5%)
Cuu 1032 73 (7,1%) 1(0,1%)
Lon 2035 192 (9,4%) 20 (1%)
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Hinh 2.10: Chuyén gen béng vi tiém

V. Phwong phap chuyén gen nho vector virus

Vao nam 1974, 1an diu tién cac nha khoa hoc phat hién théy
rang, sau khi tiém DNA cua retrovirus SV40 vao khoang phoi
(blastocoel) cta tii phoi chudt, DNA nay co6 thé duoc tim thy sau
d6 trong céac té bao ciia chudt truong thanh (Jaenisch,1974; Jaenisch
va Mintz,1974). DNA provirus Mo-Mulv st dung trong cac thi
nghiém nhu thé nay da tich hop vao genome va truyén lai cho thé hé
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sau, do d6 da tao nén cac dong chudt 6n dinh (Stuhlmann, Jahner va
Jaenisch,1981). Tur do, viéc st dung virus l1am vector cho cac DNA
ngoai lai di dugc phat trién.

Phuong phap nay tuy thao tac hoi phirc tap nhung c6 uu diém
1a hiéu qua chuyén gen cao. Hon nita gen ciu triic gan vao vector
virus s€ su dung promoter cua virus, cac promoter nay thuong co
hoat tinh cao do d6 gen ciu trac nay s& dugc biéu hién manh trong té
bao chu.

Vé nguyén tic, bat ky loai virus nao ciing c6 thé duogc sir dung
lam vector dé chuyén vat liéu di truyén vao trong té bao. Nhiéu
nhom trong s6 d6, cac papovavirus, adenovirus, retrovirus...duge sir
dung vao nhimg muyc dich chuyén biét. Pé s dung lam vector, cac
phan khac nhau cta genome virus duoc thay thé bang gen ciu trac
quan tam. Virus c6 thé dugc st dung dé 1ay nhiém vao té bao giai
doan sém cuia phoi trude khi duge chuyén ghép vao con me. Gen
chuyén véi vector retrovirus xdm nhip mot cach hiéu qua vao hé gen
cua vat chu nhung virus st dung phai 1a virus an toan, khong gay
bénh.

Céc co thé chuyén gen sinh ra tr phuong phap nay 1a ¢ dang
kham, c6 nghia la khong phai tat ca cac te bao cua co thé déu mang
retrovirus. Gen chuyén chi c6 thé di truyén dugc néu retrovirus hop
nhit vao mot sb té bao sinh duc. Ddi v6i phuong phéap nay ti 1é séng
cua cac dong vat chuyén gen so sinh 1a rat thép Néu nhu céac thao
tac di truyén la chuan xac, khong gy ra sy sdy thai, thi thé hé dong
vat dau tién (F)) can kiém tra sy bleu hién cua gen chuyén. Khi gen
chuyén da hop nhét trong cac té bao sinh dyc thi dugc goi 13 thé
kham dong mam va sau d6 chung duogc lai cung dong khoang 10-20
thé hé cho dén khi thu duoc cac dong vat chuyen gen dong hop tir va
gen chuyén c6 mit & trong tat ca moi té bao. O giai doan ndy, phoi
mang gen chuyen co the dugc dong lanh va dugc bao quan cho cac
qua trinh cdy chuyén vé sau.
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Hinh 2.11: Chuyén gen nho vector 1a virus

VI. Chuyén gen bing cach sir dung té bao goc phdi

Xuét phat tir Iy do céc té bao gdc phoi (¢ bao phoi & giai doan
16-32 té bao) 1a cac té bao da ning (totipotent) nghia 1a c6 thé phan
hoa thanh bat ky loai mo nao va tir do s€ tao nén co thé hoan chinh.
Tu cac tii phoi nudi cay in vitro, ngudi ta da tién hanh tach chiét cac
té bao gbc phoi va bién nap gen ngoai lai vao nhimng té bao nay.

Sau khi chon ra nhiing t& bao da dugc bién nap gen la ngudi ta
dua n6 vao phoi khac ¢ giai doan ph6i nang dé tao ra dong vat
chuyén gen thé kham. Trén 30% dong vat chuyen gen tao thanh la
nhirmg dong vat chuyen gen the kham dong mam mang kiéu gen cia
dong té bao nay. O day cac té bao gdc phoi duoc st dung nhu 1a mot
phuong tién dé chuyén gen (Mintz, 1977).
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Uu diém ctia phuong phép chuyén gen nay la ti 1¢ phoi song
sot sau thao tac, su tich hgp va biéu hién tinh trang ctia gen moi1 kha
cao. Diéu quan trong hon la trong thuc té viéc chuyén gen cé thé
dugc tién hanh théng qua sy thao tac voi phoi dau va tai phoi. Phoi 6
cac giai doan nay co thé thu nhan ma khong can phiu thuat (dac biét
1a dbi voi bo), do vay cong viée chuyén gen dugc tién hanh rat dé
dang.

Phuong phap nay co y nghia dac biét d6i voi su nghién ciru
kiém tra di truyén ciia cdc qua trinh phat trién. Su thuan loi ctia nd 1a
cho phép tao ra mdt cach chinh xac cac dot bién gen xac dinh bang
tai t6 hop dong dang.

Trong tuong lai phuwong phap st dung té bao gbc phdi s& duoc
st dung rong rai dé tao dong vat chuyén gen.

C6 ba cach tao dong vat chuyén gen tir cac té bao gbc phoi
mang gen chuyén:

— Thi nhit, phuong phap dugce dung trude mit 13 bom mot sd
té bao goc phoi (khoang 5-10 t€ bao) vao trong xoang phoi
nang cua t€ bao dong vat.

~ Thi hai, xen mot s té bao gdc phdi vao giira bao thai thoi
ky 8 t& bao.

~ Thir ba, nudi cdy chung té bao gdc phoi véi phoi qua dém.
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Hinh 2.12: Phwong phap chuyén gen bing cach sit dung té bao gbc
phoi



12

Hinh 2.13: Chuyén té bao goc phéi vao tii phoi

VII. Chuyén gen truec tiép vao protoplast

Pé DNA dé xam nhdp dugc vao té bao thuc vat, phai loai bo
véach té bao tao protoplast. Protoplast c6 thé duoc duy tri trong moi
truong nudi cdy nhu cac té bao sinh truéng mot cach doc 1ap hoic
vo1 mot moi truong dac hiéu, vach té bao co thé duoc tao thanh va
toan bo cac ciy co thé duoc tai sinh tir cac té bao nay. Qua trinh
chuyén gen nhu thé nay duogc thuc hi€én mdt cach truc tiép béng mot
co ché vat Iy don gian, khong can co vector.

Pé nang cao hiéu qua bién nap, nguoi ta di di xu ly
protoplast véi PGE (polyethylene glycol) hodc bang xung dién.

Phuong phéap chuyén gen nay rat c6 hiéu qua, dic biét do1 Vo1
nhimg loai thuc vat ma phuong phap chuyén gen gian tlep nho
Agrobacterium khong thé thuc hién duoc. Tuy nhién, viéc tao
protoplast cling nhu tai sinh cdy tir protoplast khong don gian, ton
nhiéu céng strc, bi anh hudng cua nhiéu yéu tb6 moi truong. Véi
phuong phap ndy, cac nha khoa hoc da chuyén gen thanh coéng vao
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mét sb loai cay mot 1a mam nhu loai lta phu Japonica (Datta, 1990),
ngd (Doon, 1990), lua mi (Vassil, 1992).

VIIL. Chuyén gen bang ky thuit xung dién

Ky thuat xung dién (electroporation) la mét phuwong phap co
hoc duoc su dung dé dua cac phan tr phan cuc vao trong té bao chu
qua mang té bao. Trong phuong phap nay, mot xung dién cao thé
trong khoanh khic (vai phan nghin gidy) c6 kha ning 1am réi loan
cau trac mang kép phospholipid, tao ra cac 16 thung tam thoi cho
phép cac phan tr DNA ngoai lai tor moi truong xadm nhdp vao bén
trong té bao.

Nhiéu k¥ thuat nghién ctu trong sinh hoc phén tir yéu cau dua
gen hodc protein ngoai lai vao trong té bao chu. Vi 16p phospholipid
kép ctia mang sinh chat c6 mot dau wa nudc phia ngoai va mot dau
ua nudc phia trong (Hinh 2.14), nén bat ky phan tir phan cuc nao,

bao gdm ca DNA va protein, déu khong c6 kha ning di qua mang
mot cach tu do (Farabee, 2001).
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Hinh 2.14: So' 36 mang phospholipid kép
So d6 nay cho thiy céc thanh phan héa hoc ciia mang sinh chat. Cac dau
ua nudc phan cyc hudng vé phia ngoai trong khi cac dudi ky nudc hudng
vé phia trong va tuong tac voi dudi ky nudc khac de cung bam gitr mang.
Céc phan ttr phan cyc khong thé di qua mang nay néu nhu khéng c6 sy hd
tro bén ngoai.
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Nhiéu phuong phap di duoc phat trién dé vuot qua rao can
nay, cho phép dwa DNA va cac phan tir khic vao trong té bao da
dugc nghién ctru. Mot trong nhiing phuong phép nay 1a k¥ thuat
xung dién.

K¥ thuat xung dién dua trén trang thai tuong dbi yéu cua cac
tuong tac ky nudc cua phospholipid kép va kha nang tap hop lai méot
cach ty dong cua n6 sau khi bi roi loan (Purves, 2001). Vi vay, mot
xung dién chép nhoang c6 thé gay ra rdi loan & cac vi tri ciia mang
mot cach nhat thoi, lam cho cac phan tr phan cuc co thé di qua,
nhung sau d6 mang c6 thé déng kin lai nhanh chdng va té bao khong
bi a&nh huong gi ca.

Céac té bao chu va DNA ngoai lai dugc tao thanh dich huyén
phu va cho vao trong mot cuvette nhya c6 dién cyc (Hinh 2.15).

Hinh 2.15: Cuvette nhya c6 dién cuc

Pé tao ra xung dién cao thé trong mot thoi gian ngin ngudi ta
sir dung mot thiét bi _goi la may xung gen (gene pulser) (Hinh 2.16).
Qua trinh co ban dién ra bén trong may nay co6 thé dugc trinh bay
bang so @6 hinh 2.17.
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Hinh 2.16: May xung gen (Gene pulser) (Hang Biorad)

dign trg  MeuOn dién

—w—l[k
cong tie 1\
tu dién
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cong tic 2
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binh chiia té bao
va DNA

Hinh 2.17: So d6 bo tri mach co ban ciia may xung dién
So d6 nay cho thdy mach dién co ban cung cap dién cho kj thut xung
dién
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Khi cong tac thir nhét dong, tu dién nap dién vao va tich mot
dién ap cao. Khi cong tac thor hai dong, dién ap nay phong qua dich
huyén phu t& bao. Mot xung dién can thiét cho k¥ thuat nay thuong
1a khoang 10.000-100.000 v/cm (thay doi tuy theo kich thudce cua té
bao) trong vai phan tridu gidy dén mot phan ngan gidy. Xung dién
nay lam roi loan phospholipid kep cua mang té bao va tao ra cac 16
tam thoi. Kha ning dién qua mang té bao cung lc ting 1én 0,5-1,0 v
vi vy cac phan tr d3 duoc nap dién nay di qua mang té bao thong
qua cac 16 bang cach thirc trong tu nhu dién di (Hinh 2.18).
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Hinh 2.18: So' d6 plasmid chira DNA ngoai lai di qua cac 156 tam thoi
trén mang bao chat

Lbi DNA di vao té bao khong thé quan sat thdy dué6i kinh hién
vi, nhung hinh v& ndy cho thiy khai niém co ban cua su tao thanh
cac 16 trén mang ma DNA c6 thé di qua.

Khi cac ion di nap dién va cac phéan tir di qua cac 156, mang té
bdao phong dién va cac 10 nay dong lai mot cach nhanh chong va
phospolipid kép phuc h01 lai cau trac ct (Weaver, 1995). Luc nay
cac phan tr mong muon da o trong té bao va ching duoc sir dung
cho cac nghién ctru tiép theo.

Phuong phép nay c6 thé st dung dbi v6i gan nhu tat ca cac loai
té bao cta cac loai. Lic dau phuong phap nay duoc sir dung dé
chuyén gen vao cac té bao dong vat co va, vé sau cho ca té bao thuc
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vat & dang protoplast... V&i mot s6 cdy mot 14 mam quan trong (loai
lta phu Japonica, ngd, loa mi) ma khong thé thé thuc hién duogc
bang phuong phap chuyén gen gian tiép nho Agrobacterium thi
nguol ta da thanh cong voi phuong phap nay. Hiéu qua bién nap cao.
Trong mot nghién ctru & E.coli, 80% sb té bao nhan dugc DNA
ngoai lai (Miller va Nickoloff, 1995). Luong DNA ngoai lai can
thiét 13 it hon so v6i cac phwong phap khac (Withers, 1995). Phuong
phap nay co thé thuc hién véi cidc mod in vivo con nguyén ven
(Weaver, 1995). boan DNA ngoai lai dugc bién nap c6 kich thudc
16n. Tuy nhién néu cac xung dién c6 cuong do va chiéu dai khong
dung thi mot 56 16 cua té bao s& tré nén qué 16n hodc bi hong khong
thé déng lai sau khi té bao phong dién, 1am cho té bao bi ton thuong
hodc bi thung (Weaver, 1995). M6t han ché nira 1a sy van chuyen
DNA ngoai lai vao va ra khoi té bao trong sudt thoi gian dién bién
nap 1a tuong ddi khong dic hiéu. Dleu nay dan dén két qua la khong
can bang ion ma sau d6 s& lam rdi loan chirc ning cua té bao va té
bao chét (Weaver, 1995).

K¥ thuat xung dién duoc st dung rong rai trong nhiéu linh vuc
khéc nhau cta sinh hoc phan tir va y hoc. Cac tng dung cua k¥ thuat
xung dién bao gom:

- Bién nap DNA: cic gen dic hiéu c6 thé dugc tao dong trong
plamid va sau d6 plasmid nay duoc dua vao té bao chu dé nghién
clru cAu triic va chirc ning ciia gen va protein.

- Chuyén plasmid truc tiép gitra cac té bao: té bao vi khuan da
chtra plasmid c6 thé dugc u v6i mot dong khac khong mang plasmid
nhung lai ¢6 dac tinh mong mudn khac. Pién ap cua xung di¢n s& tao
ra cac 18, cho phép mot s6 plasmid di ra khéi té bao va lai di vao té
bao khac. Sau do6 cac té bao mong mudn s& duoc chon loc bang tinh
khang thudc khang sinh hodc bing phuong phap tuong tu khac
(Withers, 1995). Kiéu chuyén gen niy ciing c6 thé dugc thyc hién
gitra cac loai khac nhau. Vi vy, mgt lugng 16n plasmid sinh truéng
trong cac khuén lac vi khuin duoc nhan 1én mot cach nhanh chong
va sau d6 dugc chuyén vao cac té bao nim men bang k¥ thuat xung
dién dé nghién ctru (Gunn, 1995).
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- Dung hop té bao da kich thich: sy tao thanh céc 16 thing trén
mang xay ra do xung dién chép nhoang tao ra cho thiy da kich thich
su dung hop té bao (Weber va Berrg, 1995).

- Phén phdi thudc qua da: Chi khi xung dién gay ra cac 16 tam
thoi trén mang sinh chit, cac 15 twong tu da tao ra & mang lipid kép
cua l6p da chét & phia ngoai cing. Céc 16 nay cho phép thudc di qua
da dén cac mo dich. Cac bénh nhan thich phuong phap nay hon
phuong phap ti€ém (khong can kim tiém) va co thé tranh dugce cac
van dé phan hity hodc hap thu khong ding cua liéu phap udng thude
(oral medication) trong hé ti€u hoa (Praustmitz, 1993).

- Liéu phap héa dién khéi u ung thu (cancer tumor
electrochemotherapy): cac nha khoa hoc dang nghién ciru tiém ning
cta k¥ thuat xung dién dé ting tinh hiéu qua cua liéu phap héa hoc.
Khi sir dung ky thuét xung dién dé bién nap DNA, xung dién nay s&
pha v& mang té bao ung thu va lam tang luong thudc di dén cac vi
tri. Mot s6 nghién ctru cho rang da lam giam sy phat trién khéi u khi
ap dung phuong phap nay cho cac t& bao ung thu & hé thong mé
hinh dong vat (Maeda, 1998).

- Liéu phap gen: k¥ thuat xung dién cho phép cac vector mang
cac gen quan tam dugc bién nap qua da dén cac mo dich. Khi da hop
nhit vao cac té bao cua co thé, cic protein duoc tong hop tur cac gen
nay co thé thay thé gen sai hong va vi vay da diéu tri cac rdi loan di
truyén (Hinh 2.19)(Inovio, 2002).
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Hinh 2.19: Ung dung ciia ky thuit xung dién trong liéu phap gen
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IX. Chuyén gen bing sting bin gen

Sung bin gen (Gene gun) la mot thiét bi st dung dé dua thong
tin di truyén vao té bao, duoc thiét ké dau tién cho bién nap DNA
ngoai lai vao té bao thuc vat va duoc phat trién vao dau thap nién
1980 do cac nha thuc vat hoc ¢ Pai hoc Corrnell cung vdi cac nha
nghién ctu ¢ Corrnell Nanofabrication Facility, Newyork, USA.
Stng ban gen dugc ban trén thi truong vao nam 1990. Pan sir dung
cho loai sung nay la cac hat kim loai nang co ban dugc bao boc
DNA. Tén chinh x4c va day di ciia sing ban gen 1a hé thong phan
phéi hat biolistics (biolistic particle delivery system) va k¥ thuat nay
thuong duoc goi mot cach don gian 1a biolistics (su két hop giira hai
thuat ngir biology (sinh hoc) va ballistics (su ban tung)). Mic du ¢6
nhiéu thiét ké ky thuat khac nhau nhung nguyén 1y chung cua
phuong phap nay 13 st dung ap luc xung cta khi helium dé gai tdc
cac hat.

Hinh 2.20 : Siing biin gen (Héng Biorad)

Sung ban gen bao gém hai budng bang thép khong gi, kich
thude 6“x7“x10“ ndi voi hai bom chan khong. DNA ngoai lai duoc
gin vao cac hat tungsten c6 duong kinh rat nho, khoang 1pm (céc
kim loai nang khiac nhu vang va bac cling dugc st dung nhung
khong thuong xuyén do gia ca dét). Cac hat nay dugc dat trén mot
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cai dia ¢ mat bén trong cua sung. Sy bung n6 khi helium & 1000psi
lam cho cai dia bin vé phia trude véi toc dd 1300 food/s, tuong
duong voi tdc do khi mot vién dan roi khoi nong sung. Mot tam
chan 1am dimg dia lai va cic hat vang hay tungsten dugc phong vé
phia cac té bao dich. Chang xuyén qua vach té bao va phong thich
cac phan tir DNA (Hinh 2.21). Sung ban gen sir dung ky thuat DNA
tai to hop dé hop nhat sy biéu hién cac gen d3 phan phdi. Cac té bao
bién doi di truyen c6 thé duoc st dung dé tao thuc vat bao gom ca su
stra doi di truyén mong mudn ¢ trong tit ca cac té bao cia chung
(Voiland, 1999).

nong sing

dia plastic véi
cac hat vang boc DNA

tim chiin lim
~ cho dia ngung lai

0‘0"-0-}

0'0’0-0‘.

- +*
cac hat vang * '+ +1*
W

boc DNA o
" + AR
". * 3
- O.t

Hinh 2.21: So’ d6 nguyén ly hoat dong ciia sting bin gen

*s

Muc tiéu cta sung ban gen thudng 1a callus ciia cac té bao
thuc vat gidng nhau sinh trudng trong méi truong gel trén dia petri.
Sau khi cac hat tungsten da va cham vao dia, gel va callus bi pha v&
nhiéu. Tuy nhién mét s6 té bao khong bi pha v& khi va cham manh
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va da tiép nhan cac hat tungsten dugc bao boc DNA va cubi cung
cac phan tr DNA ngoai lai dd xdm nhép va hop nhat vao nhiém sic
thé thuc vat. Cac té bao tir dia petri duoc tap hop lai va chon loc cac
té bao dd hop nhét thanh cong va biéu hién DNA ngoai lai bang cac
ky thuat hoa sinh hién dai nhu s dung gen chon loc nbi tiép va
Northern blots.

Céc té bao don di chon loc tir callus c6 thé dugc xir Iy véi mot
s6 hormone thyc vét nhu auxin, gibberelin va moi mot té bao c6 thé
phan chia, biét hoa thanh cac té bao mo, co quan, té bao chuyén hoa
cua toan bd cay Cay moi co nguon goc tu mot té bao nay mam
thanh cong c6 thé mang cac dic tinh di truyén méi.

Hinh 2.22: Chuyén gen b%lng sung bin gen

Phuong phap nay co uu diém 1a thao tac dé dang, co thé
chuyen gen vao nhiéu loai té bao va md, cac té bao dugc bién nap c6
ti 1¢ song sot cao, cho phép dua cac gen vao té bao & vi tri mong
mudn....Do vay n6 duoc sir dung rong rai trong nhiéu linh vuc. Céc
mg dung cta k¥ thuat ban gen bao gdm

- Tao thuc vat chuyén gen: day 1a phuong phap dugc st dung
rong rdi nhat hién nay trong linh vuc tao ngi coc chuyén gen.
Bacillus thuringiensis 1a loai vi khuan tong hop ra protein crystal
(crys1Ab va cryslAc) c6 kha ning giét mot cach chon loc cac nhoém
con trung nhat dinh. Gen ma hoa protein crystal dugc goi 1a gen
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Bt. Gen Bt di duwoc bin vao md seo cua cdy ngli cdc
(Rassmussen, 1994). Trong khi cac té bao nay sura chira t6n thuong,
DNA ngoai lai xdm nhdp vao genome té bao _chu. Vi vay cho phép té
bao chu phién ma va giai ma gen Bt. Sau mdi 1an qua trinh bién nap
dugc hoan thanh ngudi ta ciing tién hanh sang loc theo phuong phap
truyén théng la dua trén co s& cac marker chon loc dugc xen vao
DNA cdu tric (Brettschneider, 1997). Cac marker chon loc mang
tinh khang (khang thudc khang sinh hay khang thudc diét c6) nhu
kanamycin 12 mot 14 mot trong nhiing marker phd bién nhét duoc s
dung.

- Tiém chung vaccine di truyén: cac gen dugc dua vao co thé
bang stng ban gen véi muc dich gy ra phan ung mién dich véi
protein biéu hién bdi gen chuyén. Phuong phép tiém chung vaccine
nay an toan hon cac phuong phap khac bdi vi chi DNA ngoai lai
dugc dua vao va khong co cac protein ngoai lai (Lin, 2000).

- Liéu phap gen tu sat (Suicide gene therapy): phuong phap
bén gen di dugc sir dung trong diéu tri bénh ung thu. Mot gen biéu
hién protein gy doc co promoter dic hiéu khdi u dugc dua vao cac
t€ bao khoi u. Khi protein nay dugc bicu hién thi t€ bao khoi u chét.
Protein nay chi gay doc d6i véi cac té bao khdi u bai vi promoter dac

hiéu can cho sy biéu hién chi duoc tao ra trong cac té bao khéi u
(Lin, 2000).

- Sy diéu bién mién dich (Immunomodulation): phuong phap
nay con dugc su dung dé chong lai ung thu. St dung sting bén gen,
mot protein chi biéu hién trong té bao khdi u nhung 1am cho phan
mg mién dich ting 1én duoc dua vao té bao. Phan tmg mién dich
tang 1én nhim vao cac té bao khdi u va hién nhién giy ra hiéu qua
mong mudn (Lin, 2000)

- Dugce 1y di truyén: sung ban gen ¢ thé dugc sir dung dé dua
cac gen tong hop protein hitu ich hay protein li€u phap vao co thé.
Vi dy nhu cac yéu t6 dong mau ¢ cac co thé rbi loan sy dong mau
hodc ting su tong hop hong cu trong cac co thé thiéu mau. Sy biéu
hién kéo dai cua cac gen dua vao 1a mot van dé, trong nhiéu trudng
hop thudng doi hoi su phan phdi gen phirc tap (Lin, 2000).

- Sung ban gen 13 mot cong cu nghién ctru: sung ban gen co thé
duogc stir dung dé xen cac promoter ma s& dan dén su biéu hién cia
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cac gen nhat dinh. Hiéu qua khuyéch dai céc protein nhéto dinh la
mot phuong phéap cé gia tri 16n do1 voi cac nha khoa hoc dé nghién
ctru chire ndng cua céc protein nay (Lin, 2000).

X. Phwong phap chuyén gen gian tiép nho Agrobacterium

Agrobacterium ¢6 kha ning xam nhiém té bao thuc vat bang
cach chuyén mdt doan DNA ctia nd vao té bao thuc vat. Khi DNA vi
khuén duge hop nhat v&i nhidm séc thé thuc vat, nd sé tn cong vao
hé thong to chirc cua t& bao mot cach co hiéu qua va st dung n6 dé
dam bao cho sy sinh sdi ctia quan thé vi khuan. That khong may man
cho cac nha trong cay an quéa khi gip phai loai vi khuan nay. Béi vi
n6 chinh 13 thi pham gay ra bénh khéi u hinh chép va bénh 16ng 1é &
nhiéu loai cdy canh va cdy an qua.

Mic du hé théng chuyén gen gian tiép nhd Agrobacterium 1a
c¢6 hiéu qua ddi voi mot sd loai nhung khong phai tat ca thuc vt €0
thé dugc bién nap bang con duong nay. Bac biét, 1op mot 1a mam
bao gdm céc cdy ‘ngi coc chinh trén thé giéi nhu lua, laa mi va ngd
1a khong duoc bién nap dé dang nho A. tumefaciens.

Pé khai thac va st dung A. tumefaciens nhu 1a mot vector
chuyén gen cac nha khoa hoc di loai bo cac gen gay khdi u va gen
ma hoa opine cia T - DNA va thay thé vao d6 1a cac marker chon
loc, trong khi van duy tri cic ving bo phai va bo trai cua T-DNA va
cac gen vir. Gen chuyén dugc xen vao gilta cac ving bo cua T-
DNA. N6 s& duoc chuyén vao té bao va trd nén hop nhit v6i nhiém
sac thé té bao thuc vt

Phuong phap chuyén gen gian tiép nho 4 [grobacterium da dugc
kiém tra di v6i sy xAm nhdp bén ving, su biéu hién va sy di truyén
ctia cac gen chuyén dic biét. Tuy nhién, mot vai yéu t6 anh huong
dén hiéu qua bién nap 1a loai mé duoc bién nap, giai doan phat trién
cia mo, mirc d6 khoi dau cua vi khuan A. tumefaciens sir dung, méi
truong dé nudi céy mé sau khi bién nap, marker dugc st dung dé
chon loc thé bién nap, loai vector s dung va kiéu gen cua thuc vat.
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XI. Chuyén gen vao tinh trung va cac tién thé caa tinh
trung
1. Chuyén gen vdo tinh tring

Tinh tring trudng thanh cé genome bat hoat khong co kha
ndng tai ban. DNA cta n6é dugc bao phu boi protamine 1am cho
DNA ngoai lai rat khé di vao trong genome tinh tring. Vi vy DNA
ngoai lai khong c¢6 co hoi dé hop nhat vao DNA tinh trl‘mg

Cac thi nghiém thyc hién cach day khoang gan mot thap ky
cho thiy rang tinh tring 4 v6i DNA c6 thé mang DNA dén trimg
trong qué trinh thy tinh din dén két qua 1a tao ra chudt chuyén gen.
Céc nghién ciru hoa sinh hoc cho thly DNA bam vio tinh tring mot
cach d& dang nhung khong ching minh dugc rang diéu nay xay ra
do sy xdm nhédp ciia DNA. Vi thé tinh trung dong vai tro 1a mot thé
truyén ddi voi DNA ngoai lai.

Sau mdt vai ndm, phuong phép nay dugc ap dung rong rai voi
bo, lon, ctru va ca medaka (Hinh 2.24). Trong tat ca cac truong hop
nay khong hiéu tai sao cac thi nghiém rat kho thanh cong. Hon nifa,
phan 16n cac truong hop, DNA ngoai lai hgp nhit vao genome vat
chu dé dugc sap x&p lai ¢ mirc d§ cao. Mot nghién ciru da cho thay
rang ngay ca sau khi di rora can than, tinh trung chora DNAse da
phan hity DNA ngoai lai. DNAse c6 rt nhiéu trong nguyén sinh chét
clia tinh tring va luong enzyme nay bam vao tinh tring l1a thay doi
da giai thich tai sao thi nghi¢ém nay khong thanh cong va tai sao
DNA ngoai lai bi phan cit. DNA ngoai sinh dudng nhu gay ra hoat
tinh DNAse ¢ tinh tring di tach chiét ra. C6 thé giai thich hién
tugng nay 12 DNAse mot phuong tién dé bao vé tinh tring tranh
khoi sy nhiém DNA ngoai sinh trén dudng tir mao tinh hoan dén té
bao trimg (Baccetti va Spadafora, 2000).

Céac thtr nghiém dé ting DNA xam nhap vao tinh tring da
dugc thuc hién. Su xung dién hodc chuyén nhiém véi cac tic nhan
hoa hoc da lam tang sy hap thu DNA vao tinh tring. Hién tuong nay
thuong dugc kém theo do kha ndng thuy tinh cho bao trimg cua tinh
trung.
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O Xenopus, chuyén gen vio phoi bang vi tiém dan dén su
biéu hién ctia gen ngoai lai va nd ton tai tir vai ngay dén vai tuan
nhung lai khéng hop nhét vao genome vat chu. Dé khic phuc kho
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Hinh 2.24: Chuyén gen vao tinh trung

A. Tinh tring da rira U véi DNA duoc s dung dé thy tinh in vivo
hodc in vitro. Phuong phap nay khong co6 hiéu qua dac hiéu d6i voi
viéc tao dong vat chuyén gen va cic gen dd hop nhat thuong bat
hoat do su sap xep lai DNA

B . Mang tinh tring bi ton thwong boi chét tiy nhe. DNA ngoai lai di
vao tinh trung mot cach ty do. Céc tinh trung nay dugc sir dung dé
thu tinh in vitro bang phuong phap ICSI

khin nay, cac nha nghién ctru di sir dung tinh trung lam thé mang
(carrier). Protocol da dugc xac dinh som hon cho dong vat c6 vu da
ching t6 khong hidu qua & Xeponus. Dé tang kha nang hap thu
DNA, tinh trung dugc xu ly véi Triton, mot chat tay nhe. Diéu nay
dan dén sy khong 6n dinh cia mang tinh trang 1am cho DNA tu do
di vao tinh trung. Két qua tuong tu cling dat dugce khi 1am lanh va
am tinh tring. Chromatin di bi phan huy do enzyme han ché nhan
biét mot vai vi tri & chromatin cta tinh tring nhung dbi voi DNA
ngoai lai thi khong xay ra. Diéu nay giy ra co ché sira chira va lam
tang co hoi hop nhit DNA ngoai lai vao genome ctia phoi. Phuong
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phdp nay co6 tén goi la REMI (restriction enzyme mediated
intergration=su hop nhat qua trung gian ezyme han ché), mot
phuong phap lam tang su bién nap cua té bao. Sau cac xu ly nay,
tinh tring mat kha ning thu tinh cho trimg. Tiém tryc tiép tinh tring
vao trung (intra-cytoplasmic sperm injection=ICSI) duoc su dung
dbi voi su thu tinh in vitro & ngudi. Phuong phap nay da duogc ap
dung cho Xeponus va di tao ra Xeponus chuyén gen vé6i két qua co
thé chip nhan (Hinh 2.12B). Dic biét hién nay cac nha sinh hoc da
tmg dung chuyén gen vao loai nay dé nghién ctru sy phat trién
(Marrsh-Arrmstrong, 1999; Perrny, 2001).

Phuong phép nay, trudce tién dugc sir dung cho Xeponus, da
ching t6 thanh cong & chudt. Tuy nhién no khong cho két qua cao
hon phuong phap vi tiém vao tién nhan la mot phuong phap don
gian hon nhiéu. Phuong phap ISCI di duogc st dung thanh cong hoan
toan & chudt khi chuyén cac doan DNA dai duge thiét ké trong cac
vector BAC va YAC (Perry, 2001). Vi vdy phuong phap nay c6 thé
duogc ap dung rong rii d6i voi cac loai khac ké ca gia stc 16n. Hién
nay han ché cia viéc st dung ICSI & cac loai nay 1a kho khan.
Duong nhu 13 khong thé ap dung vdi cac loai khong thudc bd Linh
truong ma viéc chuyén gen 1a kho khi sir dung cic phuong phap
khac.

Gan day, mot phuong phéap tuyét voi dd dugce dé xuit (Qian,
2001). DNA bam vao khang thé don dong nhan biét mot protein trén
bé mat tinh tring hinh thanh nén mot phirc hop 6n dinh véi tinh
tring. Phuong phap nay di dugc st dung dé thy tinh in vitro &
chudt, ga bang thy tinh nhan tao va lon bing cach tiém vao simg tir
cung. Trong ba trudng hop nay, khoang 30% ca thé con sinh ra la
dong vat chuyén gen. Gen chuyen da khong bi sap xép lai. N6 da
biéu hién va truyen lai cho thé hé sau. Piéu quan tdm 1a khéng thé
don dong giéng nhau nhan biét tinh trung cta dong vat co xuong
song thip hon va cao hon ké ca con ngudi. Phuong phéap niy cé thé
dugc dung dé tao Linh truong chuyén gen.

2. Chuyén gen vao tién thé tinh tring in vitro
Tinh tring thanh thuc duogc tao ra tir cac té bao gbc thong qua
cac giai doan khac nhau cua su biét héa (Hinh 2.25). Cac té bao goc
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tinh trung co thé dugc tach chiét, nudi ciy in vitro trong mot thoi
gian ngan va dugc ciy chuyén vao tinh hoan nhan. Cac té bao cay
chuyén nay hoat dong theo chuong trinh biét héa cta chung lam cho
tinh tring hoat dong chirc nang. Ti 1¢ tinh tring tao thanh tir cac té
bao gdc cdy chuyén duogc ting 1én nhiéu nho sy xir 1y cac con duc
nhan v&i bisulfan. Bisulfan 12 mot loai thudce ngan can su biét hoa
cta t& bao gdc tinh hoan. Protocol niay di duoc st dung mét cach
thanh cong dé chuyén gen vao té bao gbc trong qua trinh nudi cay.
Diéu nay dat dugc nho st dung vector retrovirus hi¢u qua. Cac té
bao gdc cay chuyén vao con duc nhan da xir Iy bisulfan dan dén két

té bao gdc tin bao

tinh td vong tinh td tinh tring

nubi ciy in vitro

-

thu tinh

thém hoic thay thé gen

biing 1CSI
© @ @ © ) \ dong vat
—> — — —> — >,
T chuyén gen
- nubi ciy
- thém gen thuy tinh in vivo
- cdy lai hoie in vitro

vao tinh hoan nhan

Hinh 2.25: Sit dung cac té bao tién thé caa tinh trung dé chuyén gen

A. Céc budc khac nhau cia su biét hoa té bao géc thanh tinh trung

B. Cac té bao gdc hoic cic té bao di biét hoa mot cach cuc bo duoc
tach chiét, nudi cdy va chuyén DNA chon loc vao. Tinh trung
mang DNA ngoai lai nay dugc st dung dé thu tinh bang phuong
phap ICSC

C. Té bao gbc duoc tach chiét, nudi cay dudi nhimg diéu kién ngin
can su biét hoa ctua ching, dugc chuyén DNA ngoai lai vao, duoc
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chon lgc va dua vao lai mdt tinh hoan nhan, noi ma ching biét hoa.

Tinh tring tao ra dugc sit dung dé thu tinh tring bang phuong

phép thong thuong
qua 13 tao ra chudt chuyén gen véi ti 18 cao, khoang 4%(Nagano,
2001). Phuong phap nay 1a hitu dung dé nghién ctru anh hudng sinh
hoc ctia gen trong qué trinh thanh thuc té bao gdc tinh trung va dé
tao dong vat chuyén gen. C6 thé suy ra phuong phap niy it thanh
cong hon ddi véi cac loai 16n hon chudt. Duong nhu can thiét phai
st dung cac té bao da duoc bién nap cao hon dé tang co hoi dinh cu
0 tinh hoan vo1 mot ti 1€ chép nhan duoc.

2.2. Chuyén gen vao tién thé cia tinh tring in vivo

DNA lién két véi thé chuyén nhiém c6 thé duoc tiém vao cac
6ng sinh tinh (Hinh 2.26). M6t s6 nhom nghién ctru da thanh cong
trong viéc tao chudt chuyén gen bang cach sir dung tinh tring cua
cac dong vat da dugc xir 1y (Sato, 2002). Nhirng két qua khich 1& nay
c6 hiéu qua vira phai va hiy con chua dat chuan. Hién ching dang
duogc cai tién nhung chic chin 13 chua ¢ cach ndo 1am cho c6 thé ap
dung rong rdi phuong phap nay dbi v6i cac dong vat 16n hon chudt.
Qua thyc cdu trac cua cac 6ng dan tinh khac nhau va viéc tiém
DNA 1a kho. Mat khéc, lugng DNA tiém vao co thé 1a rat lon va kho
diéu khién.

éng din tinh

@ 3 ~——D d(}ng,vijt

chuyén gen
tiém DNA tinh tring thy tinh
+ DNA

cac t€ bao gbe

Hinh 2.26: Chuyén gen vao tién thé caia tinh trung mgt cach truc tiép
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DNA binh thudng hoic DNA bam vao thé chuyén nhiém dugc tiém truc
tiép vao cac 6ng sinh tinh. Cac té bao da hop nhat DNA ngoai lai s& tao ra
dong vat chuyén gen sau khi thu tinh binh thuong

Mbt diém khac cling can duoc nghién cuu. Do 1a & chudt, gen
chuyén vao tién thé cua tinh tring in vivo xay ra mot cach doc 1ap
trong cac té bao khac nhau dan dén tao ra cac dong vat so sinh c6 su
hop nhat khac nhau. Pay 1a mot thuan lgi vi su hop nhét khic nhau
c¢6 thé cho cac kiéu hinh hoi khac biét. V&i phuong phap nay, cac
nha nghién ctru c6 thé danh gia cac dong dong vat chuyén gen phuc
tap tr mot thi nghiém don gian.

XII. Ky thuat vién gen (Gene pill)

K¥ thuat viém gen mot phuong phap diéu tri bénh bang liéu
phap gen thong qua dudng udng thude.

Mot lugng DNA liéu phap (dang plasmid hay phtrc hop DNA-
peptid) duoc boc boi mot mang lipid hon hop dic hiéu nhu mang
boc céac vién thudc thong thu’ong tao ra vién gen. Vién gen dugc dua
vao co thé theo dudng miéng bang cach udng. Sau khi duoc dugce
phong thich, gen liéu phap duoc hip thu qua mang di vao té bao biéu
mo rudt. O day gen lidu phap duoc phién mé va dich mé thanh
protein dugc pham. Protein duoc pham tiét vao mau, dén cac md
bénh dé trc ché su hoat dong ctia cac gen bénh (Hinh 2.27).

Ky thuat vién gen 1a mot phuong phap mai (duoc cap bang
phat minh vao ngay 3/5/2001) lan dau tién dugc st dung dé chira
bénh tiéu duong bang cach st dung mot vién gen dugc tao thanh tir
DNA ma hoa inssulin. Phuong phap nay da kha’ic phuc dugc cac han
ché cua cac phuong phap truyén théng nhu van dé lidu luong va
phan phdi thudc. N6 ¢6 thé cach mang hoa liéu phap gen va cho cac
bénh nhan mét sy chon lua dé dua insulin vao co thé hang ngay.

Tuy nhién, tinh c6 ich cta vién gen s& phu thudc vao su biéu
hién va phan phdi ciia gen trong cac té bao rudt non va hiy con chua
chéc chan 1a c6 thich hop dbi véi cac protein can thiét v6i liéu luong
khép mot cach tinh vi khong.
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N A DNA
vién gen O—’- O
vy 2

té bao
rudt non

mach mau

Hinh 2.27: So d6 co ché hoat dgng ciia vién gen
1. Vién gen phan phi DNA dén rudt non
2. DNA duoc hép thu vao cac té bao rudt
3. Protein duoc pham téng hop trong cac té bao
4. Protein dugc pham tiét vao mau

K¥ thuat vién gen khai thac mot cach tich cuc khodng thoi
gian sdng ngan cua cac té bao biéu mo va tinh ¢6 loi cia sy phan
chia mot cach nhanh chéng cua cac té bao dich xép thanh hang trong
rudt non. Vé mit ly thuyet liéu phap gen thong qua duong udng co
thé phan phdi gen tong hop bt ctr protein nao cho mét loai té bao
don trong rudt non, dap tmg dugc yéu cau tim ra vector hodc chién
lugc bién nap méi cho mdi mot loai té bao dich. Tuy nhién phuong
phap nay cho hiéu qua chua cao do su sir dung cac té bao rudt non
lam cac té bao dich bi giam bai nhiéu nhom té bao c6 thoi gian song
ngan (2-3 ngay), moi truong acid va DNAse trong hé da day rudt.
Mit khac, vién gen chi c6 thé mang cac gen ngoai lai ¢ kich thuéc
nho. Hién nay nguoi ta méi chi tao ra duge mat s6 loai vién gen su
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dung trong diéu tri thir nghiém. Trong twong lai vién gen sé& tré thanh
mot k¥ thudt cé hiéu qua dé dicu tri bénh bang li¢u phéap gen.

Tai liéu tham khao chinh

Makrides SC. 2003. Gene Transfer and Expression in
Mammalian Cells. Elsevier Science B. V. USA.

Louis-Marie H. 2003. Animal Transgenesis and Cloning.
John Wiley and Sons, Ltd. USA.

Glick BR., Jackj P. 1994. Molecular Biotechnology. ASM
Press. Washington D.C. USA.

Chopra VL., Anwan N. 1990. Genetic Engineering and
Biotechnology. Oxford and IBH Publishing CO.PVT, Ltd. UK.

John D, Roderick S, Philip A, Richard W. 1988. Plant
Genetics Transformation and Gene Expression (A Laboratory
Manual). Blackwell Scientific Publications. UK.



2%

Chuong 3

Cac phwong phap xac dinh sw hién dién
va bieu hién cua gen ngoai lai

I. Southern blot

Southern blot 1a mot trong nhitng phuong phap trung tam cua
Sinh hoc phan to. N6 con c6 tén goi khac 1a Southern blotting,
phuong phap lai Southern hay phuong phap lai DNA .

Nguyén tic ciia Southern blot 13 mang lai nitrocellulose c6 kha
nang tiép nhan DNA di duogc biét tir 1au va dd dugc sir dung trong
cac nghién curu lai axit nucleic khac nhau vao nhiing thap nién 1950
va 1960. Vao thoi ky nay DNA cd dinh khong dugc phan doan, chi
don gian bao gém DNA tong s6 duoc gin trén mang lai
nitrocellulose. Su ra dodi ctua phuong phap dién di trén gel vao dau
thap nién 1970 di cho phép cac doan DNA dugc cét boi enzyme han
ché c6 thé dugc phan tach dua trén co s kich thuée cua chang. Tir
d6 budc phat trién tiép theo cua phuong phép 1a chuyén cac doan
DNA phan tach tir gel 1én mang lai nitrocellulose. Phuong phap nay
duoc E. M. Southern mo6 ta tai Pai hoc Edingburgh vao ndm 1975.
Phuong phap Southern blot don gian va hiéu qua. Mac du da dugc
cai tién nhung phuong phap dang duoc st dung ¢ nhiéu phong thi
nghiém sinh hoc phan tir sai khac khong dang ké so véi phuong
phap ban dau.

Southern blot bao gdm cac budc co ban sau:

Cit DNA bang enzyme han ché thich hop.

- Dién di san pham cit trén gel agarose.

- Lam bién tinh DNA (thong thuong khi nd con & trén gel):
vi du c6 thé nhung nd vao trong dung dich NaOH 0.5M,
DNA so1 kép sé dugc tach thanh DNA s¢i don. Chi DNA
soi don méi ¢ thé chuyén 1én mang lai.



25

_ Chuyén DNA di bién tinh 1én mang lai. Thong thudng
mang lai dugc st dung la mang nitrocellulose. Nguoi ta
cling c6 thé st dung mang nylon. Mang nitrocellulose dién
hinh c¢6 kha ning tiép nhan 100pg DNA/cm?, trong khi
mang nylon c6 kha ning tiép nhan 500ug DNA/cm?. Mit
khac mang nylon ¢ kha ning giit DNA chac hon va it dut
gy hon. Viéc chuyén DNA thudng duoc tién hanh bang
hoat tinh mao dan trong khoang vai tiéng hodc co thé dung
mot thiét bi tham chan khong. Néu dung thiét bi tham chan
khong thi s& nhanh hon, chi mét khoang mot tiéng. Trong
qua trinh chuyén, vi tri cdc doan DNA van duoc giit nguyén
khong thay doi.

- Lai DNA di duoc ¢ dinh trén mang véi mau do (probe)
DNA c6 danh ddu. Qué trinh nay dwa trén nguyén tic bo
sung (giita DNA trén mang lai v6i miu do). Pé danh dau
ngudi ta thuong st dung P>, biotin/streptavidin hodc mot
mau do phat quang sinh hoc.

- Pinh vi cac phan tir lai DNA-mu do. Néu sir dung mau do
danh dau phong xa thi dung phuong phap phong xa tu ghi
(autoradiograph) dé xac dinh, néu sir dung
biotin/streptavidin thi dung phuong phap so mau hodc néu
str dung miu do phat quang sinh hoc thi phat hién bang su
phat quang.

Phuong phap Southern blot duoc thiét ké dé xac dinh sy hién
dién, kich thuége, sd lugng ban sao, tinh déng dang cia DNA trong
mot phirc hop. Vi du, Southern blot c6 thé duoc st dung dé phat
hién mdt gen dac biét ¢ trong mdt genome nguyén ven.

I1. Northern blot

Sau khi E. M. Southern mo6 ta phuong phap Southern blot vao
nam 1975, ngudi ta dd dung mot phuong phap tuong tu dé xac dinh
cac doan RNA dac biét goi 1a Northern blot. Phuong phép nay con
dugc goi 1a Northern blotting, phuong phép lai Northern hay phuong
phép lai RNA.

Northern blot bao gdm cac budc co ban sau:



RNA (RNA tong sb hodc chi mRNA) dugc phan tach bang

dién di trén gel agarose.

Phin tf ADN

_ Cit vdi mot hodc nhidu
I enzym han ché
AT~ .
) <= ——Cic doan cit ADN

! Dién di trén gel agarose
1
Cac doan ADN

furi il —
Pl on A0 el A /‘—;uguggﬂpklmﬁﬂ:k

Chuyén 1én mang lai nitrocellulose
(dudi didu kitn ADN bién tinh)

y
Lhiissisnet s Gel
' o Mang lai
i nitrocellulose

]

Mang

nitrocellulose

oy IRl vdi vi tri cde
doan ADN dudgc

@it nguyén

Lai véi miu do ADN

danh ddu phdng xa
Ky¥ thuit phong xa

Ll hf ghi cho thiy vi
tri cac phén o lai

Hg¢nh 3.1: S4 346 ma tai phaang phaip Southern blot

RNA sau khi dd phan tach dugc chuyén 1én mang lai (cac
phan tt RNA giit nguyén vi tri nhu ¢ trén gel).
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RNA cb dinh trén mang duoc lai véi mau do DNA sgi don
(hodac RNA) c6 danh diu phong xa hoac dugc ga"ln vOo1 mot
enzyme (alkalin phosphatase hodc horseradish peroxidase)
tao thanh phan tir lai RNA-DNA (hodac RNA-RNA) so1 kép.

ARN vdi vi tri duge ARN dugc phin tich
duge gili nguyén trén bing dién di
mang lai nitrocellulose irén gel agarose

v

Lai véi miu do Vi tri mAu do duge
 axit nug]e:-:: , dugc phat hién trén
co danh diu phong xa phim nhay cdm vdi tia X

e
IR
<

cho thiy su hién dién
clia ARN guan tdm

Hinh 3.2: So' d0 mé ta phwong phap Northern blot

Vi tri ctia mau do duoc phat hién nho k¥ thuat phong xa tu
ghi néu né dugc danh dau phong xa. Trong truong hop mau
do dugc gan vdi enzyme thi dem U véi mot co chat khong
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mau. Enzyme lién két véi nd s& bién d6i thanh mot san
pham mau c6 thé nhin thiy hodc phat ra anh sang ma s&
duogc phat hién bang phim X quang mét cach truc tiép.
Phuong phap Northern blot cho phép phat hién su c6 mat, xac
dinh kich thudc, trong luong phan tu, khéi lrong mRNA ¢ trong cac
mau khac nhau. Pay 1a mot phuong phap rat tét dé phan tich sy biéu
hién cua gen khi ching ta can dinh lugng dé phan biét sy khac nhau
giita hai mau va no rat nhay boi vy chung ta c6 thé dién di mot
luong 16n RNA tong s6 hoic mRNA trén gel.

II1. Western blot

Western blot 1a phuong phap c6 d§ nhay cao dua trén tinh dac
hiéu cua khang thé dé phat hién protein di duoc dién di trén gel
SDS-PAGE  (sodium dodecyl sulfate-polyacrylamide  gel
electrophoresis) va chuyén 1én mang lai.

Western blot cho phép xéac dinh su c6 mat, trong lugng phan
tir, dinh luong protein c6 mit trong cac mau khac nhau.

Western blot con c6 tén goi khac 1a Western blotting hay la
phuong phap lai tham protein.

Western blot bao gdm cic budc co ban sau:

~ Protein duoc phén tach bang dién di trén gel SDS-PAGE.

- Céc protein dugc chuyén sang mang lai nitrocellulose, giir
nguyén vi tri nhu da phan tach trén gel.

- U mang lai da c¢6 dinh protein voi mot khang thé so céap
(primary antibody). Khang thé so cap 1a mot khang thé dic
hi¢u, s€ bam vao protein va tao thanh mot phic hop
protein-khang thé dbi voi protein quan tam.

~ Tiép theo 0 mang lai v6i mot khang thé thir cap (secondary
antibody) c6 enzyme (alkalin phosphatase hodc horseradish
peroxidase) di kem. Khang thé thir ~cap s€ bam vao khang
thé so cap giéng nhu khang thé so cip d3 bam vao protein.

~ Tiép tuc u mang lai trong mot hdn hgp phan tmg dic hiéu
v6i enzyme. Néu moi viéc déu dién ra mot cach chinh xac
s& phat hién thiy cac bang & bat ky noi nao c6 mit phirc
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hop protein-khang thé so cip- khang thé thir cép-enzyme
hay noi cach khac 1a & bat ky noi nao c6 mat protein quan
tam.

- Pat mot phim nhay cam véi tia X 1én mang lai dé phat hién
cac di€m sang phat ra do enzyme.

Protein dude chuyén
1én mang lai
nitrocellulose

Protein dugc phén tich
bing dién di trén gel
SDS polyacrylamide

Dédnh dfu vdi

khing the dic hiéu Phat hién khdng thé
— Ne
th
cho thdy protein
quan tim

Hinh 3.3: So' 46 mé ta phwong phap Western blot

IV. ELISA (Enzymee-Linked Immunosorbent Assay)
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ELISA dugc md ta lan dau tién vao ndm 1971 va tir d6 da tré
thanh mdt phuong phép dugc st dung ngay cang rong rai va quan
trong hon trong nghién ctru, chan doan va xét nghiém bdi vi né cé
kha nang phét hién nhay bén véi mot lugng vat chat rat nho.

ELISA di thay thé mot s6 ki thuat huyét thanh “cd dién® phirc
tap, cong kénh tn nhiéu thoi gian hon va mé rong pham vi phuong
phap phat hién virus ciing nhu cdc marker lién quan dén sy nhiém
cta chung.

Xét nghiém ELISA c6 thé duogc tién hanh v6i mot sé phuong
phap nhu ELISA “tryc tiép“, “gian tiép“, “sandwich® va “canh
tranh*.

Nguyén tic co ban cua phuong phap ELISA 14 khang nguyén
da hoa tan trong dung dich dém thich hop c6 thé phu 1én bé mat
plastic (nhu polystyrene). Qué trinh nay c6 thé 13 truc tiép hoic
thong qua mot khang thé. Khi huyét thanh duogc thém vao, cac khang
thé co thé két hop véi khang nguyén & pha dic (solid phase).

Xét nghiém ELISA duogc thuc hién trong dia plastic kich thudc
8cm x 12cm, chtra 8x12 giéng. Mdi giéng co chiéu cao khoang lcm
va duong kinh 1a 0,7cm (Hinh 3.4).

Hinh 3.4: Pia plastic sir dung dé tién hanh xét nghiém
ELISA
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Cac khang thé st dung trong phuong phap ELISA du:oc gan
Vorl enzyme bang lién két dong hod tri. Khang nguyén dlmc gan Vo1
gleng plastic va khang thé hen két véi enzyme dugc gan voi khang
nguyén. Khang thé khong gan khang nguyén se bi rira troi1 di.
Enzyme dugc gitr lai va vi vay luong khang thé gan enzyme duoc
phat hién bang cach cho thém vao mét co chat 1am thay ddi mau do
hoat tinh ciia enzyme. P9 mau tao thanh Ia ti 1€ véi lugng enzyme
bam & giéng plastic, tor do suy ra lugng khang thé, sau do tiép tuc
suy ra lugng khang nguyén (Hinh 3.5).

Tinh nhay cua ELISA 1a do su khuyéch dai boi hoat tinh
enzyme. Mdi mot phan tir enzyme bam vao khang thé co thé tao ra
hang ngan phan tir mau do hoat tinh enzyme. Trudc khi cac khang
thé gan enzyme c6 thé dugc sir dung rong rdi, cac khang thé phong
xa da dugc st dung trong ky thuat mién dich phéng xa (radio
immuno assays-RIA). Ky thuat RIA nhu 1a mot dot phd c6 ¥ nghia
va ngudi sang tao ra no la Rosalyn Yalow da dugc nhan gidi thuéng
Nobel Sinh 1y va Y hoc vao nam 1977.

r
» &}
~4— [Khang nguyén
Fl

Khang thé
Thém phic hdp khing thé'—cnzym
__ JEnzym

"

n
" A

™
T'he d chidt "o Cd chit
l T L (khong mau)

171
.ﬁ_'\
_ﬁ

W sia pigm

Hinh 3.5: Nguyén tic ciia phwong phap ELISA
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V. Phuwong phap PCR

Phuong phap PCR (polymerase chain reaction-phan tmg tong
hop diy chuyén nhd polymease) 14 mot trong nhirng phuong phap
dugc str dung rong rii nhit trong linh vuc Sinh hoc phan tir. Phuong
phap nay do Kary Mullis phat minh vao ndm 1985 va dugc gidi
thiéu lan dau tién tai Hoi thao lan tht 51 ¢ Cold Spring Harbor vao
ndm 1986 va 6ng da nhan dugc gidi thudng Nobel Hoa sinh hoc vao
nam 1993.

Phuong phap PCR cho phép tong hop rat nhanh va chinh xéac
tung doan DNA riéng biét. Day thuc su 1a phuong phép hi¢n dai va
thuan tién cho vi¢c xac dinh sy c6 mat cua mgt gen nao do trong té
bao v61 do chinh x4c cao.

Phuong phap nay dua trén sy kham phda hoat tinh sinh hoc &
nhiét d cao cua DNA polymerase dugc tim thdy trong cac sinh vat
va nhiét (vi khuan séng trong cac sudi nudc néng). Phan 16n cac
DNA polymerase chi lam viéc & nhiét do thap. Nhung & nhiét do
thip, DNA xodn chit vi vdy DNA polymerase khong c6 nhiéu kha
ning lam bién tinh phan 16n cic phan cua phan tir. Nhung cac
polymerase chiu nhiét nay hoat dong & nhiét do rit cao, co thé 1én
dén 100°C. O nhiét d6 nay DNA (dang thang) s& bi bién tinh.

1. Céc thanh phéan chii yéu ciia phdn vmg PCR
2.1. DNA mau (DNA template)

Pay 1a mau DNA sinh hoc ma ching ta muén khuyéch dai.
Phan tmg PCR tdi wu xay ra trén DNA that tinh sach nhung phan
tmg PCR van cho két qua tét voi DNA thu nhan truc tiép tir dich
chiét t& bao. Luong mau DNA sir dung c6 khuynh huéng giam khi
st dung cac enzyme DNA polymerase cho hi€u qua cao (<100ng).
Lugng DNA mau néu cao qua phan ung PCR s¢ khong xay ra. PCR
con cho phep khuyéch dai ca nhitng mau DNA khéng duoc bao quan
t6t, cic mau DNA di bi phan hity timg phan nhu & cic vét mau dé
lau ngay, tinh dich da kho, toc, mong tay ctia nguoi chét...

2.2. Mdi (primer)
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M6i 1a nhimg doan DNA so1 don ngan va can thiét cho viéc
xuc tlen phan Ung day chuyen tong hop DNA . Ching nhén ra phan
DNA can dugc nhén 1én, bit cip bo sung voi mot dau cia DNA mau
va tao ra vi tri bat dau tai ban. Cac moi nay c6 chiéu ngugc nhau,
bao gébm mot mdi xudi (forward primer) va mot modi nguge (reverse
primer).

Mdi 12 yéu t6 quan trong nhét cta phan ng PCR, quyét dinh
hiéu qua cua phan tmg. Do do viéc thiét ké mdi can duoc tudn thu
mot s6 nguyén tic nhat dinh:

+ Ca hai mdi trong mot phan ing PCR phai c¢6 nhiét d6 néng
chay (Tm) gan nhu nhau boi vi chiing dugc u & cting mot nhiét do.

+ Kich thudc t6i thiéu ctiia moi 1a 18 base (thong thuong 1a 18-
24 base) dé qua trinh lai xay ra tot hon.

+ Moi phai dic hiéu c6 nghia 1a né phai dic trung cho trinh tyr
DNA can dugc khuyéch dai, mot mdi chi bam vao mot vi tri nhat
dinh trén gen.

+ Khong c6 nat cai toc (hairpin loop): trong mdi mot mdi can
tranh trinh ty d6i xtmg bac hai (palindromic sequences) c6 thé lam
tang ciu tric soi bén trong 6n dinh do d6 han ché viéc mdi bam vao
DNA mau (Hinh 3.6).

5 'GGGCCCATATGCTGATACTGGGCCC3 '

N\ o

5 ' geeeccATATCe

3'CCCGGGT
Capp®

Hinh 3.6: Sw hinh thanh niit cai toc do mdi chira trinh ty d6i
xirng bac hai
+ Tranh sy bd sung gitta hai mdi: sy bod sung giita hai moi s&
lam tang san pham primer dimer (Hinh 3.7).

5'TGGCTTA 3
3 'CGAATCS'

Hinh 3.7: Su bo sung giira hai moi tao nén primer dimer
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+ Trat tu cac base cling anh hudng dén sy 6n dinh viéc bam
ctia mdi dudi nhiét d6 cao. Hai trong ba base & dau 3’ cua moi nén 1a
G hoic C, vi G va C ¢6 3 lién két hydro do d6 su polymer hoa s& t6t
hon.

+ Khoang céach tdi vu gitta hai moi: day 1a mot tng dung rat
dac trung, nhung ddi véi phﬁn 16n cac thur nghi¢ém PCR chan doan,
t6t nhat khoang cach gitra hai moi khi d3 bam vao DNA khuon 13
150-500 base.

2.3. Enzyme polymerase chiu nhiét

Vao thap nién 1960, nha Vi sinh vat hoc Thomas Brock da dén
Cong vién Quéc gia Yellowstone (Bang Wyoming, M¥) dé nghién
clru cac vi sinh vat wa nhiét séng trong sudi nuéc néong 80-95 °C.
Ong da phat hi¢n mot loai vi khuén phat trién manh & nhiét do cao,
c6 tén la Thermus aquaticus. Hai muoi nam sau, cac nha khoa hoc
cua tap doan Cetus (Tap doan Cong nghé Sinh hoc California) da
nhan thay rang DNA polymerase tu Thermus aquaticus (Tag-
polymerase) c6 kha nang giai quyet vén dé cua enzyme bién tinh sau
moi chu ky. DNA polymerase chiu nhiét sir dung cho phan tng PCR
lan dau tién duoc ban trén thi truong 1a Tag-polymerase.

T d6 dén nay, mot s6 vi sinh vat chiu nhiét khac da duoc
kham pha va ngudi ta da tach chiét thém dugc cac DNA polymerase
chiu nhiét dé sir dung cho phan img PCR nhu Vent- polymerase (Tli-
polymerase), Pfu- polymerase, rTth...Cac hoat tinh cua ching dugc
trinh bay ¢ bang 3.1.

2.4. Cac loai nucleotid

Trong phan tmg PCR, bén loai nucleotid thuong dugc su dung
c”r‘dang deoxynucleotid: dATP, dCTP, dGTP, dTTP v&i ndong do can
bang trong mot phan trng (200uM/loai nucleotid).
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Bang 3.1: Hoat tinh ciia mdt s6 enzyme DNA polymerase chiu nhiét

khac nhau
Enzyme Hiéu suét Tén s6 15i Tan s Exo Exo
tuong fmi (Error mé rong 3-5 -3
e(t}:iiliz::;];) rate) (Extention
rate)
Taq-polymerase | 88 2x10* 75 Khong | Co
Vent- 70 4x107 67 Co Khong
polymerase 60 7x107 Khong x4c dinh | C6 Khong
Pfu- polymerase | Khong Khéng 60 Khéng | C6
rTth xéc dinh xac dinh

2.5. Nuoc

Nude st dung cho phan tmg PCR phai that tinh khiét, khong
chura ion nao, khong chira DNAase, RNAase, enzyme cat han ché...
Noi céach khéc 1a khong chira bat ky mdt thanh phan nao khéc.

2.6. Dung dich dém

Dung dich dém 10X (100mM KCI,

100mM (NH4),S0;,

200mM Tris-Cl pH 8.8, 20mM MgSO., 1% (w/v) Triton X-100)

2.7. Ton Mg*

Nong do ion Mg?* cling 1a mot yéu td anh huong manh dén
phan ung PCR va né tuy thudc vao tung phan ung. Nong do ion
Mg®* t6i wu 1a 150-200 pM. Nguoi ta thiy rang néu noéng do DNA
qua cao thi enzyme polymerase s& gy ra nhiéu 18i hon.

2. Ba giai dogn trong mot chu ky cua phan uing PCR
C6 3 giai doan chinh trong phan tng PCR va ching duoc 1ap di
1ap lai nhi€u lan (chu ky) (thuong tir 25 dén 75 chu ky).
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2.1. Giai doan bién tinh (denaturation)

Trong giai doan nay phan tir DNA mau bi bién tinh & nhiét do
cao (thuong 1a tir 94-95 °C, 16n hon nhiét do néng chay cua phan tir)
trong vong 30 gidy dén 1 phut, tat cd cac lién két hydro giua hai
mach cua phan tir bi bé gay va tao thanh cac DNA soi don.

2.2. Giai doan lai (hybridization)

Nhiét do dugc ha thap ( thuong tir 40-70 °C, thip hon nhiét do
nong chay cua moi duoc str dung khoang tir 3-5 °C) cho phép cac
moi bam vao cac phan tir DNA soi don, danh dau phan DNA can
dugc khuyéch dai. Giai doan nay kéo dai tir 30 gidy dén mot phit
(con duoc goi la giai doan 1).

Néu nhiét do qua thap thi cac moi s& gdy nén nhiéu 15i va két
qua 13 s& tao nén nhiéu san pham phy. Néu nhiét d6 qua cao thi phan
g s& khong c6 két qua.

Cong thitc dé xac dinh nhiét do nong chay (Tm) mot cach
turong d6i 1a Tm=4(G+C) + 2(A+T)

2.3. Giai doan kéo dai (elongation)

Nhiét do dugc tang lén ,dé'n 72°C giap cho DNA polymerase
xuc tac tong hop DNA tot nhat. Cong viéc cua DNA polymerase la
di chuyén doc theo DNA soi don va stt dung n6é lam khudn dé tong

Céc thinh @
phén phan |
iing PCR

B 4

Bién tinh Lai Kéo dii
A -

¥ + +

I ;u-.jl

Hinh 3.8: Ba giai doan trong mot chu ky ciia phan irng PCR



107

hop sgi DNA méi bo sung véi DNA miu bang cach kéo dai cac
phan dd dugc danh dau boi cac moi. Thoi gian cua giai doan nay phu
thudc vao kich thude cia DNA mau, thuong kéo dai tir 30 gidy dén
nhiéu phit.

Nhiét 100 Chu ky 1 F— Chuky2 —

d¢
*O)

a0
80
70

—

! Biéntinh ™ :

|

60

50

RN

10 —

[N T YT T Y NN I
5

7

Thdi gian (phut)

Hinh 3.9: P6 thi biéu dién mdi quan hé giira thoi gian va nhiét do
trong mot chu kay cia phan ing PCR

O giai doan nay cua chu ky cudi cung, thoi gian dugc ting
thém vai phut dé cac sgi DNA chua dugc sao chép xong hoan thanh
qua trinh tong hop.

Sau mdi chu ky, s6 ban sao cia DNA mau lai dugc ting gip
d6i. Pay 1a sy nhan ban theo cip s6 nhan. Nhu vdy ctr 1 phan tir
DNA mau, sau phan tng PCR véi n chu ky s& tao thanh 2n ban sao
phan tr DNA (Hinh 3.10 va bang 3.2).
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Bang 3.2: S6 ban sao ciia 1 phin tir DNA miu tao thanh qua céic chu
ky cua phan ung PCR

Chu ky S6 ban sao

1 2'=2

2 2=4

4 2'=16

10 219=1.024

15 21°=32.768

20 2%9=1.048.576

25 2%=33.554.432
30 2=1.073.741.824
n 2"

Uu dlem cua phuong phap PCR la chi can mot thoi gian ngén
da cho mot sb lugng DNA theo mong muén.

San pham cua phan tng PCR duoc phan tach trén gel agarose
da nhudm ethimidium bromide va quan sat dudi may chiéu tia UV.

= - Mot bin sao

Chu ky 1 /

i

l Chu ky 3

|

Hinh 3.10: Phan &ng PCR véi lwong san pham ting theo cAp s6 nhian
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Phuong phiap RT-PCR

Tag-polymerase khong c6 hoat tinh v61 RNA vi v@y phan ng
PCR khoéng thé sir dung dé khuyech dai RNA mot cach truc tiép.
Tuy nhién c6 thé sir dung két hop enzyme sao chép nguoc (reverse
transcriptase-RT) véi PCR dé khuyéch dai RNA. Phan tng nay sir
dung kha ning cta enzyme sao chép ngugc dé sao chép RNA thanh
DNA bb sung soi don va tr DNA bod sung so1 don thanh DNA bod
sung soi kép. Sau d6 DNA bd sung soi kép s& dugc khuyéch dai nho
Taq-polymerase.

San pham ciia phan tng RT- PCR 1a cac phan tir DNA soi kép
twong Umg voi phén tr RNA khuén mau. RNA té bao tong sb tach
chiét tir mo hoic té bao dugc sir dung lam khudén miu cho phan tng
sao chép nguoc.

Uu diém cua phuong phép nay 1a cho phép nghién ctru cic
mRNA v6i ham luong rat thip ma cic phuong phap nhu Northern
blot... khong thé thuc hién duoc.

PCR dugc str dung rong réi trong nhiéu linh vuc nhu tao dong
phan tr, k¥ thuat di truyén, phat hién chan doan cac bénh (do virus,
vi khuan, ky sinh tring...) cho két qua rat chinh xac, di truyén hoc dé
san xuat cac marker phan tir, nghién ctru sy phat sinh cac dot bién...,
d4u tranh chéng toi pham, nghién ctu phat hién mbi quan h¢ gitra
nguoi chét véi nguoi séng hodc gilra cac nhoém dan toc... Mat khac,
viéc phan tich trinh tur va thanh phan nucleotid ctia DNA c¢6 gia tri
rat 16n trong viéc dinh loai céc loai sinh vat.
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Chuong 4
Coéng nghé chuyén gen & dong vat

I. Khai niém chung
1. Béng vit chuyén gen

Pong vat chuyén gen 1a dong vat c6 gen ngoai lai (gen
chuyén) xen vao trong DNA genome cua n6. Gen ngoai lai nay phai
dugc truyén lai cho tat ca moi t& bao, ké ca cac té bao mam. Viéc
chuyen gen ngoai lai vao dong vat chi thanh cong khi cac gen nay di
truyén lai cho thé hé sau.

2. Sw phat trién ciia khoa hoc chuyén gen ¢ déng vit

Vao thap ky 1970, cac thi nghi¢ém nghién ctru da dugc thuc
hién véi cac t& bao ung thu biéu bi phdi va cac té bao ung thu quai
thai dé tao nén chudt thé kham (Brinster,1974; Mintz va Illmensee,
1975; Bradley, 1984). Trong cac dong vat thé kham nay, cac té bao
nudi cay lay tir mot dong chudt duge dua vao phoi cua mot dong
chudt khac bang quan tu phdi truc tiép (direct embryo aggregation)
hodc bang cach tiém vao phoi ¢ giai doan phoi nang (blastocyst).
Chudt thé kham trudng thanh c6 thé dugc sinh ra bang sy dong gop
té bao tir cac bd me khac nhau va s& biéu hién tinh trang cia mdi
dong. Mot kiéu chuyén genome khac & dong vat 1a chuyén nhan
nguyén tir mot phoi vao té bao trimg chua thu tinh cua mot dong
nhan khac mot cach truc tiép (Mc Grath va Solter,1983). Nhiing
dong vat bién ddi gen bang chuyén nhan nay dugc tao ra ma khong
can mot ky thuat tai t6 hop DNA nao va ching 1a sy kién quan trong
trong viéc 1am sang t6 cac co ché diéu hoa di truyén & dong vat co
V.

Budc phat trién tiép theo cua k¥ thuat chuyén gen duoc thuc
hién bang cach tiém retrovirus vao cac phdi chudt da dugce nudi ciy
trude (Jeanish va Mintz, 1974; Jeanish, 1976). Thong tin di truyén
cua virus duogc chuyén mot cach hi¢u qua vao genome cua dong vat
nhén va sau do6 it lau ky thuat sir dung retrovirus lam vector cho céac
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doan DNA ngoai lai dac bi¢t da dugc phat trién (Stuhmann, 1984).
Str dung retrovirus nhu 13 vat truyén trung gian ddi voi viée chuyén
gen da tao nén hién twong kham & muc do cao. Tuy nhién kich thudc
cla gen chuyén bi giof han va cic trinh tu cta virus c6 thé 1am nhiéu
su biéu hién cua gen chuyén. Su dinh cac ban sao don cua gen
chuyén nim bén canh DNA ctia virus c6 thé 1a c6 loi néu c¢6 yéu cau
tach dong cac locus dinh vao.

Trong nhimg nam gan day, mot s ky thuat tao dong vat
chuyén gen khac da dugc cong bb: phuong phap chuyén gen bang
cach st dung té bao goc phoi (Grossler,1986), phuong phap chuyén
cac doan nhiém sic thé nguyén (vi dy nhu chudt “transomic®, Richa
va Lo, 1988), chuyén gen tryc tiép vao tinh tring két hop véi thu
tinh in vitro (Lavitrano, 1989). Tuy nhién, phuong phap vi tiém
DNA vio tién nhan cua hop tir 1a phuong phap c6 hiéu qua nhét,
dugc st dung rong rdi nhat dé tao dong vat chuyén gen. Sir dung
phuong phap nay, cac gen chuyén c6 chiéu dai trén 50 kb cua virus,
sinh vat tién nhan, thyc vat, dong vat khong xuong song hoic dong
vat c6 xuong song c6 thé dugce chuyén vao genome ciia dong vat co
v va chung c6 thé duogc biéu hién & ca té bao sinh dudng va té bao
sinh san.

II. Cong nghé tao dong vat chuyén gen

Trén co s& cong nghé DNA tai t6 hop, nganh chin nuéi dang
dung trudc nhitng co hoi thay doi c6 tinh cach mang. Ngay nay
nguoi ta co thé tao ra nhitng dong vat mang céac dac tinh ky di¢u ma
bang phuong phap lai tao binh thudng khong thé thue hién duoc.
Cong ngh¢ tao dong vat chuyén gen la mot qua trinh phuc tap va ¢
nhing loai khac nhau c6 thé khac nhau it nhiéu nhung noi dung co
ban gém cac bude chinh sau: tach chiét, phan lap gen mong mudn va
tao to hop gen biéu hién trong té bao dong vat; tao co s¢ vat licu
bién _nap gen; bién nap gen vao phdi dong vat; nudi cdy phoi va cay
truyén hop tir (d6i véi dong vat bac cao); phan tich danh gia tinh 6n
dinh va sy biéu hién cua gen la va tao ra dong dong vat chuyen gen
gbc mot cach lién tuc, san xuat dong vat chuyén gen.
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Hinh 4.1: So' @6 tao ddng vat chuyén gen

1. Tach chiét, phin ldp gen mong mudn va tao té hop gen biéu hién
trong té bao dong vt
1.1. Tach chiét, phan lap gen mong mudn

Mot gen ngoai lai truc khi duge chuyén vao genome cua té
bao vat chu dé tao ra déng vat chuyén gen phai duoc phan lap va
tinh ché hay néi cach khac 13 né phai duogc tao dong. Cac cong cu sir
dung dé tao dong bao g?)m cac enzyme dac bi€t c6 hoat tinh cat va
n6i DNA (enzyme han ché va ligase), cic mau do (probe), vector va
té bao vat chi. Té bao vat chu thuong dugc st dung la té bao vi
khuén E.coli va vector thudng dugc str dung 1 plasmid.

Viéc tach chiét mot gen riéng le 1a rat phue tap boi vi DNA
mau chira hang triéu gen. Do do dé thyc hién diéu nay, DNA mau
chtra gen mong mudn va vector plasmid phai dugc cit boi cung mot
loai enzyme han ché. Cac doan DNA mau sau khi dugc cit ¢6 mang
gen mong mudn s& dugc xen vao vector plasmid va cac dau ciia cac
doan DNA mau nay va cac dau cua vector plasmid s& duoc ndi véi
nhau nho ligase tao thanh plasmid tai t6 hop. Sau d6 cac plasmid tai
t6 hop duoc bién nap vao cac té bao vi khudn E.coli va cac té bao vi
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khuan tién hanh sinh trudong. Vao thot diém nay, cac té bao vi khuan
chira plasmid mang gen mong mudn s& dugc phat hién bang mau do.
Chung dugc nudi cay trong moéi truong thich hop dé sinh truong
phat trién tao ra hang tri¢u ban sao cua vector chura gen nay. Vector
chira gen nay s& duoc tach ra khoi té bao vi khuan va gen mong
mudn s& dugc tach chiét. Phuong phap nay c6 thé tao ra hang triéu
ban sao cua gen mong muon ma khong bi nhiém boi cac gen khac.
Gen chuyén c6 ngudn gdc tir genome nay chira cac doan exon ma
hod va céc doan intron khong ma hoa (Hinh 4.2).

Nguoi ta cing co thé phan 1ap duoc gen mong mudn tir san
pham biéu hién ciia né nhu mRNA hodc protein. Tir mRNA dudi tac
dong cua enzyme sao chép nguoc s& tong hop ra DNA bo sung mach
don (single strand complement DNA-ss cDNA), tiép theo 1a DNA
bd sung mach kép (double strand complement DNA- ds cDNA).
DNA bb sung (complement DNA- cDNA) nay khac voi DNA gbc 1a
khong chira cac intron ma chi bao gom cac exon (Hinh 4.2). Hodc tur
san pham protein, ¢ thé suy ra trinh tu nucleotid clia gen cau triic
trén co s trinh ty cac axit amin trong phan tir protein. Sau dé co thé
thiét ké cdp moi (primer) dé do tim doan gen mong mudn.

. T EXON EXON
Genomic INTROM 1 INTROM A INTRON x

CADN !!IIOI-I EIzl.'lH EI:IH

Hinh 4.2: So sanh hai dang gen chuyén

Dang genome bao gom tat ca cac doan exon va intron xuat hién
mot cach tu nhién. Cac doan intron lién quan dén viéc cat ghép
mRNA va biéu hién cua gen. Dang cDNA 1a mét trinh tu chi bao
gom cac doan exon ma hoa protein ciia gen.

1. 2. Tao t6 hop gen chuyén biéu hién trong té bao dong vat
Pé tao t6 hop gen chuyén biéu hién trong té bao dong vat, cac
vung chtrc nang khac nhau cua gen c6 ngudn goc tur cac loai khac
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nhau c6 thé dugc két hop lai v6i nhau trong ong nghiém bang cach
st dung enzyme han ché va ligase. Tat ca cac thanh phan cua gen cO
thé dugc tach chiét va tai to hop dé tao thanh mot clu tric gen
chuyén biéu hién (Hinh 4.3).

O cac dau cua cdu trac ddy di nay co thé duoc sira ddi bang
cach bd sung cac trinh ty polylinker chira mot s vi tri nhan biét cac
enzyme han ché khac nhau. Trinh tyu polylinker cho phép co thé xen

vao cdu trac nady mot vector dé kiém tra va tao dong.
ATG

polylinker
¥ ENHAMCER PROMOTER |SI1G GENE AR “ ¥
polylinker
Hinh 4.3: So' @b ciu triic gen chuyén biéu hi¢n
enhancer: gen tdng cuong SIG: trinh tu tin hiéu
ATG: vi tri khoi dau phién ma AAA: dudi polyA

Gen chuyén dugc di kém véi cac trinh ty khong ma hod cé vai
trd diéu hoa sy biéu hién cua gen. Cac yéu t6 diéu hoa ciing c6 thé
nam ¢ trong doan intron. Yéu t6 diéu hoa & gan dau 5° cua gen la
promoter, c6 vai tro quyét dinh trong viéc diéu hoa su biéu hién cua
gen. Su biéu hién ctia gen c6 thé xay ra trong tit ca cac mé cla co
thé (khong déc hiéu) hodc chi ¢ cac mo dac biét. Hay noi cach khac
gen cau trac mudn hoat dong dé biéu hién ra protein ma né qui dinh
trong hé thdng té bao nhat dinh thi phai c6 promoter thich hop voi hé
théng ma né hoat dong. Promoter & té bao dong vat co ngudn gbc
hodc tir dong vat nhu methallothionein (MT), thymidine kinase, 8-
actin, amylase, insulin, B-lactoglobulin, adiposite P2 ... hoac tur virus
dong vat nhu Simian virus (SV40), Rous sarcoma virus (RSV)...

Mot yéu t6 diéu hoa khac 1a yéu t6 ting cudng (enhancer), c6
chtrc ning ting cudng su biéu hién cia gen, khong phu thuge vao vi
tri va sy dinh hudng ddi véi gen. Cac yéu t6 tang cudng xuat hién co
tuong quan voi cac trinh tu qua man cam vo&i Dnase va & cach gen
mot doan khoang vai kilobase. Pau 3’ cta gen ciing phai mang mot
trinh ty poly-A dé dam bao thich hop cho qua trinh phién ma va dich
ma.
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2. Tao co s6 vt liéu bién nap gen

O dong vat c6 va thi giai doan bién nap gen thich hop nhit 1a
trimg & giai doan tién nhan (pronucleus), giai doan ma nhan cua tinh
trung va trimg chwa dung hop (fusion) voi nhau. O giai doan nay t6
hop gen la ¢6 co hdi xam nhép vao genome cua dong vat nho su tai
t6 hgp DNA cuia tinh tring va cta trimg. Do té bao phdi chua phan
chia va phan hod nén t6 hop gen la duoc bién nap vao giai doan nay
s& cO mat & tit ca cac té bao ké ca té bao sinh san cua dong vat
trrdng thanh sau nay.

Déi voi dong vat co va, trimg chin duoc thu nhan bang phuong
phap sir dung kich duc t6 theo chuong trinh da dugc xay dung cho
mdi loai hodc bang phuong phap nudi cay trig trong ong nghiém.
Sau d6 thuy tinh nhan tao dé tao ra trung tién nhan.

Céac phuong phéap st dung hién nay dé chuyén gen vao té bao
cht n6i chung 13 hiéu qua khéng cao. Dé tao ra mot dong vat chuyén
gen, yéu cau can phai sit dung hang trim thdm chi hang ngan trimg
thu tinh. O bo dé dat dugc mot luong phdi 16n nhu thé, né phai duoc
kich thich dé rung mot luong 16n triung (si€u rung trimg) thanh thuc
va dugc thu tinh nhan tao. Su hleu biét vé& sy kiém soat chirc nang
budng trimg tang 1én dang cai tién hiéu qua dé co du sd luong trimg
thu tinh. Viéc kich thich gay siéu rung tramg doi hoi sy hiéu biét mot
cach chi tiét cac yéu td hormone kiém soat sy phat trién cua tring &
trong budng tring. Qua trinh phat trién cia tring di duogc nghién
ctru manh mé va da dat dugc mot s két qua trong nhitng nam qua.
Céc nghién ctru da tap trung khao sat cac co ché co ban kiém soat sy
sinh trudng va thanh thuc cia tring va chirc ning cua thé vang.
Chung mé dudng cho su phat trién cac phuong phap diéu hoa chu
trinh dong duc dé gay siéu rung trimg mot cach ti mi va chinh xéac
hon.

C6 1& sy phét trién quan trong nhét trong sinh 1y hoc budng
trimg trong nhitng ndm maoi day 1a sy khdm pha ra hormone inhibin.
Inhibin 1a hormone tc ché su rung trung, nd lam giam ti 1€ rung
trimg. Mot vai gidng dong vat c6 téc do rung trimg cao hiém thiy
nhu dong Booroola ctia clru Merino & Uc ¢6 muc inhibin trong mau
thap. Trau bo mién dich véi inhibin cé mirc inhibin trong mau thap
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va tang ti 1& rung tring. Cac gen kiém tra sy san xuat inhibin da
duoc tao dong va kha ning tao ra dong vat chuyén gen ma trong do
cac gen nay bi trc ché hodc bi loai bo 14 hoan toan c6 thé.

Mot qua trinh nghién ctru khéc cling da duogc thyc hién dé tim
hiéu cac co ché kiém soat diéu hoa chirc ning cua thé vang va sy san
xuat hormone progesterone ctia né. Hormone nay diéu hoa thoi gian
chu ky dong duc va giup duy tri su thu thai. Sy hiéu biét ndy mo
duong cho su phét trién cac phuong phap didu hoa chu ky dong duc
cho khép véi con me thay thé va gay siéu rung tring. Su xir Iy gay
siéu rung trimg dugc bat dau khi hai budng trimg chiu anh huéng
cua progesterone. Hién nay cac xur ly gdy si€u rung tring st dung
cac hormone c6 d6 tinh khiét cao dyoc san xuat bang ky thuat DNA
tai to hop va da tao ra trung binh khoang 10 trimg c6 thé phat trién
d6i voi mot 1an xir 1y (trong khi d6 mot con bo binh thuong mdi lan
rung trimg tao ra 1 trimg co the phat trién). Khi sy hiéu biét méi vé
cac yeu t6 kiém soat sy phat trlen cla tring va hoat dong chirc nang
ctia thé vang duoc ap dung, s6 luong phoi co thé phat trién tao ra sau
mot 1an xtr Iy s& ting 1én nhu mong mudn.

Su thanh thyc va thy tinh nhan tao cta tring da tang 1én nho su
giy siéu rung tring, cung cip mot phuong tién khic phuc van dé
sinh san it hiéu qua ciia vat nudi. Thong thuong mot budng trimg bod
chira khoang 50.000 trimg chua thanh thuc. Tuy nhién, trung binh
chi 3-4 trong s trimg nay s& cé két qua trong viéc sinh san ra cac bé
con trong sudt thdi gian song ciia mot bo me. Sy s dung cac
phuong phap gay si€u rung trang hién nay, tir mot con bo da xur ly
c6 thé thu nhén dugc 10 trang co thé phat trién va mot nira sd trimg
nay phat trién thanh phoi thich hop cho chuyén gen. Ky thuit siéu
rung trimg cai tién c6 thé dan dén sy ting sb luong trimg thich hop
cho thy tinh nhan tao. Nhu thé sb con sinh ra tir mot dong vat co thé
hoan toan cao.

Su thu tinh nhan tao chi x4y ra khi mot tinh trung da chuén bi
mot cach dac bi¢t d€ xam nhdp vao t€ bao tring gap mdt tring &
trang thai thanh thuc t6i wu.
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Déi voi ca, giai doan bién nap thich hop 1a phdi & giai doan 1-4
té bao. Giai doan nay duogc tao ra br?mg thu nhan trung, tinh dich
bang phuong phap st dung kich duc té (kich thich t6 trong nhau thai
cua nguoi (HCG) hodc nao thuy thé ca chép...), roi thu tinh nhan tao.

3. Chuyén gen vdo dong vit

Vi¢e dat dugc muc dich cua viée tao ra dong vat chuyen gen
doi hoi sy phat trién cua cac phuong phap c6 hiéu qua dé chuyén gen
mong mudn vao phoi. Hién nay c6 nhiéu phuong phap khac chuyén
gen nhau dang dugc sir dung dé tao dong vat chuyén gen: vi tiém,
chuyén gen bang cach str dung cac té bao gc phdi, chuyén gen bang
cach st dung vector virus...(xem chuong 2).

4. Nudi cdy phéi trong ong nghiém (d6i véi déng vit béc cao)

Té bao trimg tién nhan sau khi vi tiém duoc nudi cy trong
dng nghiém dé phat trién dén giai doan phéi dau (morula) hodc tai
phoi (blastocyst). O giai doan nay mang trong (pellucida) bi bong ra
va phoi ¢o thé 1am to dugc ¢ da con. Nhitng phdi nay dugc cdy
chuyén vao con nhan di dugc gy chira gia (pseudopregnant) dé phat
trién thanh c4 thé con.

Pbi voi dong vat bac thip nhu ca khong can giai doan nay. Tuy
nhién & c4, trimg sau khi thy tinh mang thtr cap (chorion) day 1én, rat
dai va dinh gay tr6 ngai cho viéc dinh vi chinh xac mii kim tiém vao
vi tri mong mudn dé c6 thé dua dugc DNA vao trimg (Hinh 4.4A).
Mit khac giai doan phoi mot té bao ¢ ca rit ngan trong khi d6 viée vi
tiém doi hoi nhiéu thao tic ti mi va chinh xac. P& khac phuc cac
nhugc diém nay, nguoi ta c6 thé tlen hanh loai mang thtr cap (Hinh
4.4B), kéo dai giai doan phdi 1-4 t& bao va 4p nhan tao phoi tran dé
tao ca bot.
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B

Hinh 4.3: Tring c4 chach (Misgurnus anguillicaudatus) truéc va sau
khi khir mang thir cap (chorion)

7 Trimg ca chach chua khir mang th cap
B. Trimg ca chach da duoc khir mang thir cip

5. Kiém tra dong vit dwoc sinh ra tir phéi chuyén gen

Pé khang dinh dong vat c6 dugc chuyén gen la vao hay khong,
nguoi ta phai kiém tra xem gen la c6 xam nhap dugc vao bd may di
truyén cua dong vat truong thanh hay khong va san pham cua gen la
c6 duge tong hop ra hay khong.

Pbi voi van dé thir nhat nguoi ta st dung phuong phap lai phan
tir trén pha ran (Southern blot, Northern blot...) hoac PCR.

Déi v6i van dé thtr hai, san pham cia gen la dugc danh gia ¢
hai murc d: phién ma va dich ma. San pham phién ma duoc danh gia
bang phuong phap RT-PCR, san pham dich ma duoc danh gia bang
phuong phap Western blot, ELISA hoic k¥ thust mién dich phong
xa (RIA) dé phat hién protein la trong dong vat.

Theo dbi cac thé hé sau ctua dong vat chuyén gen (Fy, Fy, F, ...)
dé xac dinh gen la c6 di truyén hay khong.

6. Tao nguo”‘n dong vat chuyén gen mot cach lién tuc
Sau khi kiém tra thiy gen ngoai lai di duoc di truyén 6n dinh,
tién hanh lai tao va chon loc dé tao dong dong vat chuyén gen.
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II1. Nhirng hu’éfngonghién ciru va két qua dat dwoc trong linh vue
tao dong vat chuyén gen
1. Nhitng hwéng nghién cieu tao dong vit chuyén gen

Hién nay trén thérq gidi c6 nhiéu phong thi nghiém dé va dang
tap trung nghién ctru dé tao ra dong vat chuyén gen theo nhiing muc
dich khac nhau, tuy nhién chu y€u tap trung vao nhiing hudng sau:

1 .1. Tag ra nhitng dong vat c6 tdc d6 16n nhanh, hiéu qua st dung
thirc an cao

Trong hudng ndy, ngudi ta tip trung chi yéu vao viéc dua t6
hop bao gém gen ciu tric ciia hormone sinh trudng va promoter
methallothionein vao dong vat. Cho dén nay ngudi ta dd dwa thanh
cong gen nay vao tho, lon va clru. Két qua 1a nhimg dong vat chuyén
gen ndy khong to 1én nhu ¢ chudt. Tuy nhién & Diic, trong truong
hop & lon chuyén gen hormone sinh truéng lwong md giam di dang
ké (giam tir 28,55mm xudng 0,7mm) va hiéu qua st dung thirc an
cao hon. O Australia, lon chuyén gen hormone sinh truéng c6 toc do
16n nhanh hon ddi ching 1a 17%, hiéu suét sir dung thtrc dn cao hon
30%. Tuy nhién dong vat nudi chuyén gen hormone sinh truéng co
biéu hién bénh 1y 16n quéa ¢& va chua cé ¥ nghia 16n trong thyc tién.
Céac nha khoa hoc & Granada (Houston, Texas) da tao ra dugc bo
chuyén gen tiép nhan estrogen nguoi (human estrogen receptor) c6
téc d6 16n nhanh. Cac nha khoa hoc ¢ ddy da thanh cong trong viéc
dua gen hormone sinh truéng gidng insulin bo (bovine insulin like
growth hormone) vao gia suc dé tao ra giéng gia suc thit khong dinh
md. Hang Granada da chi 20 triéu USD dé ap dung ky thuét trén vao
lon, ciru, dé va ga dé tao ra vat nudi c¢6 hiéu qua chuyén héa thirc dn
thanh thit, stra... cao.

Pé tao ra dong vat chuyén gen that su co ¥ nghia trong thuc
tién cho chin nudi can phai tim duoc gen khéi dong (promoter) thich
hop. Gan day, Sutrave (1990) da kham pha ra gen Ski, ma dudi tac
dong cua gen nay protein co dugc téng hop rat manh, trong khi d6
lugng mé& lai giam di dang ke. Phat hién nay mo ra trién vong tao ra
gidng lon nhiéu nac, it md, hiéu suat st dung thirc in cao.
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1. 2. Tao ra dong vat chuyén san xuat protein quy dung trong y duoc

Day 13 huéng c6 nhibu trién vong nhit béi vi nhiéu protein
dugce pham quy khong thé san xuat qua con dudng vi sinh hodc sinh
vat bac thép, do nhiing sinh vat nay khong c6 hé enzyme dé tao ra
nhitng protein co cau tao phc tap.

Y dinh st dung tuyén stra cua dong vat bac cao dé san xuét ra
protein quy lﬁn dau tién duge Clark (1987) dé xuat. Noi dung cua ky
thuat nay 1a gan gen cau trac voi B-lactoglobulin (1a promoter diéu
khién su biéu hién cua gen ¢ tuyén sita). Khi dua t6 hop c6 chira
promoter B-lactoglobulin vao curu, chudt, Clark thdy chung biéu hién
rat cao & tuyen stra (Hinh 4.5).

San xuat protein thong qua viéc san xuét sita c6 nhiéu loi thé:

- Tuyén sira cia dong vat c6 va 1a mot co quan san xuat sinh
hoc thich nghi cao d6 cho sy bai tiét.

~ Tuyén sira 13 mot hé thong san xuit khong 16 c¢6 kha ning
tao ra tr 23g (bo stra) dén 205g (chudt) protein/kg co thé
trong thoi ky tiét sita t6i da.

- Nong d6 té bao trong tuyén sita cua dong vét c¢6 va 16n hon
trong nudi cdy té bao thong thuong tir 100 dén 1000 lan.

- Nhiéu protein duoc san xuit & tuyén sita ciia dong vét co v
c6 hoat tinh dugc cao do co quan nay co6 du diéu kién thuc
hién “chin hoa* (maturation) protein.

- Sira la dich tiét cua co thé c6 thé dugce thu nhan mot cach dé
dang nhat, dc bi¢t la tir dong vat nhai lai.

- Su biéu hién cua gen & tuyén stra cua dong vat co6 vu la
chinh xac vé thoi gian.

_ San lugng sira tiét ra & dong vat c6 va 1a kha 16n: & dé lén
dén 800 11:t/n51m, ctru 400 lit/nam, bo 8000 lit/nam, & chuot
l1a 1,5ml/lan... (Bang 4.1).
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Bang 4.1: Mot vai thong s6 lién quan dén viéc tiét sira & dong vat co
via
(Pollock Daniel P., 1999)

Dong Thoi Thoi gian | S6 con San So
vat gian thanh thuc | trong | lwgng sira | thang
mang (thang) mot ltra tiét ra tiet
thai stra
(thang)
Chudt 0,75 1 10 1,5ml 3-6
Thé 1 6 8 1-1,51 7-8
Lon 4 8 9 200 - 4001 [ 15-16
Cuu 5 6 2 200 - 4001 | 16 -18
Dé 5 6 2 600 - 8001 | 16 -18
Bo 9 15 1 80001 30-33

Cho dén nay rat nhiéu protein duoc pham quy da va dang duoc
nghién ctru dé san xuit qua tuyen stra cua dong vat (Bang 4.2) nhu:

- ol- antitripsin va yéu t6 lam dong mau IX (blood clotting
factor IX) ctia ngudi dd duoc tiét ra trong sira chudt, sita clru véi
ndng do twong tmg 1a Smg/ml va 25mg/ml.

- Chéat hoat hoéa plasminogen mé ngudi (human tissue
plasminogen activator) 1am ting déng mau da duogc tiét ra ¢ sita dé
va stra chuot.

- Gen urokinase ngudi dd duoc dua thanh cong vao lon va tiét
ra & tuyén sira nho gen khoi dong alpha-casein bo.

- Protein C nguoi dugc tao ra tur stra chudt va sira lon chuyén
gen...
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Hinh 4.5: So' dd qui trinh sin xuét protein théng qua tuyén sira
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Hién tai da co 2 protein dugc san xuat bang con duong nay la
ol-antitripsin nguoi va chat hoat hoa plasminogen mo nguoi. Chét
dau duoc san xudt qua sita ctru v6i ndong do 35g/1, con chét sau san
Xuit qua sira dé. Hang Genetech (M) hang nim thu duoc 1964
trigu USD tir san pham chat hoat ho4 plasminogen mé véi gia 2,2
USD/liéu. Hormone sinh truong ngudi ciing 1a san pham cioa ky
thuat gen do vi sinh vat tong hop voi mirc thu hang nam 122,7 triéu
USD. Hién tai cac nha khoa hoc My mudn giam gia thanh cta san
pham nay bang cach san xuit qua sita tho. Nguoi ta dy doan gia
thanh san xuat hormone nay qua sita tho chi bang 1/3 gia thanh hién
tai san xuat nho vi sinh. Ly do 1a chu ky sinh san cia thé ngan va
lugng protein sira cta tho lai cao. Trong mot nam lugng protein sira
ctia 6 con tho bing cua mot con bo. Hién tai chuot chuyén gen
hormone sinh trudng da tiét ra protein nay VOl noéng do 0,5g/1. Tap
doan Genzyme Transgenic (My) dé san xuat ra nhiéu loai protein
quy tir sita ctia chudt va dé chuyén gen (Bang 4.3).

Mit khac, cac protein duoc phdm mong muén ciing dugc tao
ra trong dich co thé khong thudéc mé va nhu mau. Cho dén nay
phuong phap nay chi méi dugc sir dung dé biéu hién hemoglobin
ngudi véi mirc cao & lon chuyén gen (Sharma, 1994).

Bén canh hai phuong phap trén, cac nha khoa hoc dé phat
trién dong vat chuyén gen san xuét ra dugc pham & trong bang
quang ctia chung. Kha ning st dung nudc tiéu ctia dong vat dé san
Xuat protein ting 1én vao nam 1995, khi Tung-Tien Sung & Pai hoc
New York chimg minh rang c6 nhiing gen chi hoat dong & bang
quang. Cac gen nay ma hoa cho protein uroplakins. Protein nay la
mot thanh phan tham gia hinh thanh nén mang bang quang. Kerr
(1998) da nghién ctru tao ra chudt chuyén gen san xuat hormone sinh
trudng nguoi tr nudc tiéu. Gen hormone sinh truong nguoi dugc nbi
v6i promoter urolapkin. Promoter nay kiém soét vi tri va thoi gian
hoat dong ctuia gen. Chudt mang gen ngoai lai da tao ra 500 nanogam
hormone sinh truong nguoi trong mot mili lit nude tiéu thai ra. Mic
du san pham cua chudt chuyén gen chi la mot luong nh6 nhung
chung cho thay rang trong tuong lai nudc tiéu ctia vat nudi co thé s&
dugc lya chon. Nudc tleu ¢ nhimg uu thé vuot troi so voi sita. Ca
dong vat duc va cai déu tiét nude tiéu, dugc bat dau ngay sau khi
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Bang 4.2: Tém tit cac nghién cuiru biéu hién truc tiép protein dwoc
pham trong sira dfng vat chuyén gen

( Wall. R. J, 1997)

Loai Gen chuyén Promoter Tai liéu

chuyén gen Gen Ngudn Promoter | Ngudn tham khio

Chudt - antitripsin Chudt WAP Tho Bischoff, 1992

Chuot ;- antitripsin Nguoi B-LG Cilru Archibald, 1990

Chudt B-interferon Nguoi WAP Chudt Schellander, 1992

Chudt v-interferon Nguoi B-LG Cuu Dobrovolsky, 1993

Chudt CFTR Nguoi B-CN Di DiTullio, 1992

Chudt Yéu t6 dong méu | Nguoi B-LG Ciru Yull, 1995
X

Chudt Protein C Nguoi WAP Chugt Valender, 1992

Chuot Albumin huyét | Nguoi B-LG Cuu Shani, 1992
thanh

Chudt Superoxide Nguoi B-LG Clru Hansson, 1994
dismutase

Chuot Superoxide Nguoi WAP Chudt Hansson, 1994
dismutase

Chuot Chit hoat hoa | Nguoi WAP Chuot Gordon, 1987
plasminogen mo

Chuot Chit hoat hoa | Nguoi 0s1-CN Bo Riego, 1993
plasminogen mo

Chuot Trophoblastin Ciru o-LA Bo Stinnakre, 1991

Chuot Urokinase Nguoi asi-CN Bo Meade, 1990

Tho Interleukin-2 Nguoi B-CN Tho Buhler, 1995

Tho Chit hoat hoa | Nguoi asi-CN Bo Riego, 1993
plasminogen mo

Lon Protein C Nguoi WAP Chudt Velander, 1992

Cuu ;- antitripsin Nguoi B-LG Cilru Wright, 1991

Ciru Yéu t6 lam dong | Nguoi B-LG Ciru Simons, 1988
mau IX

Dé Chit hoat hoa | Nguoi WAP Chuot Ebert, 1991
plasminogen mo
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Bang 4.3: Mirc do biéu hién clia mdt so protein trong sira dong vat

chuyén gen (g/l)
(Pollock Daniel P., 1999)
Loai protein Chugt Dé
AAT 35 20
Longer acting tPA 6 6
AT III 10 10
BR 96 Mab 4 14
Single chain antibody 1
a-Human transferring receptor 2
Soluble receptor CD4 8
AT III Syn 1
Antibody fusion protein 1
B-IFN 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 MAb
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sinh ra. Nudc tiéu ctia cac dai gia suc chira nhiéu protein hon & trong
stra cua chung. Mat khac, trén thuc té chi phi cho viéc tinh ché thude
tir nudce tiéu thap hon so véi sira. Mot vai protein c6 thé khong thich
hop d6i voi viéc khai thac tir sita boi vi ching lam ton thuong mé
V.

1. 3. Tao ra dong vat chdng chiu dugc bénh tit va su thay doi cua
diéu kién mai truong

Dén nay nguoi ta da biét duoc mot sé gen co kha ning khang
bénh va chéng chiu dugc sy thay doi diéu kién moi truong cua vat
nudi. Tiém gen Mx vao lon dé tao ra duoc giéng lon mién dich véi
bénh cum. Nguoi ta cling da thanh cong trong viéc tiém gen IgA vao
lon, ctru, md ra kha nang tao dugc cac giong vat nudi mien dich
duoc voi nhiéu bénh...

O ca, nguoi ta dd chuyén gen chéng lanh AFP (antifrecze
protein) va di tao ra duoc cac gidng ca c6 kha ning bao vé co thé
chéng lai sy lanh gia (ca hdi, ca vang...). Ca chuyén gen AFP ¢ kha
nang chiu lanh tot hon ca ddi ching khi nudi ching trong moi
truong c6 nhiét do thap. Két qua nay di mo rong kha ning sdng cia
cac loai ¢4 nuoi vao mua dong. Pay 1a mot thuan lgi 16n cho viée
nudi tréng cac ngudn thuy san quan trong.

1. 4. Nang cao ning suét, chat luong dong vat bang cach thay ddi
cac con duong chuyén hoa trong co thé déng vat

Nhiéu phuong phap da dugc dé xuat dé nang cao chét luong
dinh dudng va dé cai tién hiéu qua cua cac san pham dugc san xuat
tir stta nhu phd-mat, kem va sira chua (Bang 4.4).

Trong huéng nay nodi bat 1a nhiing ‘nghién ctru nang cao chat
lugng sira bo, stra ctru bang cach chuyén gen lactose vao cac doi
twong quan tdm. Sy biéu hién cua gen nay duoc diéu khién boi
promoter ciia tuyén sita. Trong sita ctia nhimg dong vat chuyén gen
nay, duong lactose bi thuy phan thanh duong galactose va duong
glucose. Do vay nhitng nguoi khong quen udng sira cling co thé sur
dung duoc sita nay ma khong can qua trinh 1én men. Méi day, céc
nha khoa hoc (Brigid Brophy, 2003) da chuyén thém cac gen ma hoa
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B-casein (CSN2) va kappa-casein (CSN3) bo vao cac nguyén bao soi
ctia bo va tao ra bo chuyén gen cho sita c6 muc B-casein va kappa-
casein cao hon binh thuong: ham luong B-casein tang I1én 8-20%,
ham lugng kappa-casein tang gap 2 lan va ti 1¢ kappa-casein so véi
casein tong sb thay d6i mot cach dang ké. Hai loai casein 1a protein
cha yéu ¢ trong stra va la thanh phan chinh cua sita dong, chia khoa
cua su san XuAt pho-mat va stra chua. Cac protein nay rat quan trong,
chung 1am cho sita ¢c6 ham lugng protein cao nhung chira nhiéu
nudc.

Hién tai nguoi ta cha y té1 viée dua mat sb gen cua vi sinh vat
vao co thé dong vat. Tién bd noi bat nhat trong hudng nay la dua gen
mi héa enzyme chiu trach nhiém tong hop axit amin cystein vao
ctru. Cystein 13 axit amin duoc tong hop tir serine nho hai enzyme 1a:
serine transacetylase va O-acetylserine sulfahydrylase. Hai gen chiu
trach nhiém tong hop hai enzyme nay 1a cys E va cys K. Cystein la
axit amin co ban rit quan trong trong sy phat trién cta 10ng. Nhirng
cb ging dé bd sung axit amin nay vao thie an déu khong dat két qua
do chung bi phéan huy trong dng tiéu hoa cua dong vat. Boi vy, néu
dua duoc gen tong hop cystein vao co thé dong vt s& lam ting ning
sut 16ng 1én rat nhiéu.

Cac nha khoa hoc Australia da dung gen tong hop cystein c6
ngudn goc tir vi sinh vat (E.coli va S. typhimurium) dé dua vao curu.
Hai gen cys E va cys K phan 1ap tir hai chung vi sinh dugc gan voi
nhau thanh mot doan DNA, sau do dugc gan tiép véi promoter
methallothionein. O chudt duoc chuyén to hop gen nay thi & hau hét
cac co quan déu c6 mit td hop va lugng 1ong ting 1én rit nhidu. Sy
biéu hién & chudt va ctru giéng nhau nén trong tuong lai khong xa sé
tao ra dugc glong cuu chuyen gen cystein vdi nang suét long tang
1én rat nhiéu lan.
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Bang 4.4: Mot s6 thay doi cac thanh phin ciia sira dwoe dé xuat

(Wall. R. J, 1997)

Su thay ddi

Két qua

Tang a-CN va B-CN

Tang kha ning bén vimng cia sita
dong cho viéc 1am pho-mét, cai tién
tinh bén vitng d6i v4i nhiét va tang
ham lugng calcium

Tang vi tri phosphoryl hod trong
casein

Tang ham luong calcium va cai tién
su hod nhii tuong

Pua cac trinh tu phan gidi protein
vao casein

Tang tbc do phat trién két cau (cai
tién sy chin cua ph6-mat)

Tang ndng d6 kappa-CN

Tang tinh on dinh cua su két tu
casein, giam kich thudéc mixen va
giam dong keo (gelation) va dong tu
(coagulation)

Tiét B-LG Gidm dong keo & nhiét do cao, cai
tién tinh tiéu hoa, gidm di ung va
gidm ngudn cystein so cap trong
stra.

Giam a-LA Giam lactose, tdng kha nang thuong

mai cua stra, gidm sy hinh thanh cac
tinh thé nudc d4, lam gidam sy dicu
khién tinh tham cta tuyén sira

Thém lactoferin nguoi

Tang cuong su hap thu sit va bao
v€ chong lai sy nhiém trung rudt

Thém cac trinh tu phan giai protein
vao ?-CN

Tang tdc d6 chin ctia pho-mat

Giam su biéu hién cua acetyl-CoA
cacboxylase

Gidm ham luong md, cai tién chat
lugng dinh dudng va gidm gia thanh
san xuat stra

Biéu hién gen Ig

Bao vé chéng lai cac bénh nhu
Salmonella va Listeria

Thay thé cac gen protein sita bo
bang cac gen protein stra nguoi

Tao ra sira giong nhu sira nguoi
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Tuong tu, viéc dua gen tong hop axit amin co ban nhu
threonine va lysine c¢6 ngudn gdc vi sinh vat vao co thé dong vat dé
lam ting hiéu qua sir dung thirc dn cta vat nudi 13 c6 trién vong
trong tam tay.

Viéc nghién ctru dé tao ra vat nudi chuyén gen hormone sinh
truong co tdc do 16n nhanh, hiéu suit sir dung thurc an cao va hudng
san xudt cac protein quy dung chira bénh cho con nguoi nhd tuyén
sita dong vat 1a c6 nhiéu trién vong hon ca. Ly do 1a hormone sinh
truong cling nhu nhiéu protein quy chi do mot gen chiu trach nhiém
tong hop nén dé biéu hién hon 1a nhiing tinh trang do nhiéu gen
tham gia. Cac protein duoc co thé dong vat san xuét phan 16n tiét ra
qua tuyén sita nho promoter B-lactoglobulin nén khong gay doc hai
cho co the vét nudi va c6 thé khai thac nhiéu lan.

1. 5. Tao ra vat nudi chuyén gen cung cip ndi quan ciy ghép cho
nguoi

Hién nay trén thé gidi sb bénh nhan can té bao hay co quan
dang sinh truong dé cay ghep ngay mot nhiéu, nhung ngudn té bao
va co quan nguoi khong du. Y tuong su dung co quan dong vat de
thay thé da xut hién cach day gan mot thé ky. Cac thi nghiém cdy
ghep co quan cac loai dong vat khac nhau cho bénh nhén da dugc
tién hanh. Trong mot sd trudng hop di dan dén két qua ciy ghép
thanh cong nhung phan tmg loai thai xay ra nhanh. Hai co quan la
tinh hoan va budng trong cua mat thi sy loai thai xay ra cham hon
nhiéu. Cac mé nay biéu hién mot phan tir ¢6 tén 1a phdi tir Fas trén
bé mit cua ching, lam chét cac té bao mién dich da hoat hoa.

Céc loai khac nhau da duoc thir nghiém lam ngudn co quan
cung cip cho con ngudi. Pau tién Linh trudng, bao gém hic tinh
tinh duoc cho 1a thich hop nhat. Nhung sau d6 nhan thay ngay rang
su lwa chon nay khong phai 1a t6t nhat. Cac co quan cua Linh truong
bi loai thai sau khi cay ghép. Linh truong 1a loai dang duoc bao vé
va gia cia né cuc ky dat. Hon nita, Linh trudong c6 nguy co truyén
bénh cho con nguoi cao nhat. Cho nén y tudéng st dung Linh trudng
lam nguon co quan cho con nguoi da dugc loai bo. Lon dugc cho la
t6t nhat. Loai nay c6 quan hé gan giii vdi con nguoi, an tap va cac co
quan cua no6 co6 kich thudc tuong tu véi con nguoi. Lon khong co
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quan h¢ ho hang gan giii voi nguoi nhu Linh truong nén kha ning
truyen bénh cua n6 cho nguoi la khong dé dang hon. Hon nita sy san
xudt lon gidng c6 thé tién hanh trong nhimg diéu kién kiém soat
duoc bénh tat voi mdt gia thanh thép. Mat khac, hién nay lon duoc
sir dung 1am ngudn thirc dn phong phu cho con nguoi.

Su ghép mé khac loai hdy con chua duoc tng dung phd bién
trong thuc té. Van dé thi nhit can giai quyét 1a mot linh vuc khoa
hoc. Cac co ché loai thai chua duge hiéu biét déy du va tit ca céac
protocol str dung dé e ché co ché nay, 6 lién quan dén chuyén gen
hay khong hay con chua duoc xac dinh. Tinh nghi€ém ngat cua su
loai thai s& khac nhau d6i voi cac té bao va co quan dugc ghep. Thuc
vay, md mach mau bi loai thai manh nhat. Diéu nay 13 do té bao noi
bi co quan duogc ghép cta lgn bi phan huy mdt cach nhanh chéng boi
thé bd sung cia ngudi (human complement). N6 giy ra sy nghén
mach va phan huy nhanh co quan ghép. Céc té bao tach ra hoic toan
bd khéi tap hop cua co quan 1a khong nhay cam véi hién tuong nay.
Tuy nhién cac dao tuy cua lon bi loai thai nhanh chong khi ghép vao
Linh truong.

Van d& thi hai nay sinh tir thuc té 1a cac co quan lon néi
chung 1a khong hoat dong mdt cach hi€u qua & nguodi. Mot qua tim
lon s€ hoat dong chinh xdc & ngudi. Mot qua than s€ khong thich
nghi qua tét v6i nguoi duge ghép. Hién nay dudng nhu chua co du
tinh ghép gan lon cho nguoi. Cac churc nang cua gan qua phuc tap
nén khong thé trong hop mot cach dé dang giita cac loai dong vat c6
v khac nhau. Cac té bao tach chiét hoic cac khdi tap hop cua co
quan c6 thé giy ra it van dé hon. Cac t& bao tuyén tuy cua lon tiét
insulin c6 thé hoat dong mot cach chinh xac ¢ nguoi. Tuong tu dbi
v6i cac neuron tiét dopamine hodc ddi véi céc té bao da.

Nguoi ta cho rang viéc ghép mo khac loai co thé dua ra mot
giai phap nhét thoi gitip cho bénh nhan c6 thé sdng duge cho dén khi
c6 dugc co quan nguoi dé thay thé. Trong cac trudng hop dic biét,
cac té bao lon ton tai khong dai hon mot ngay sau khi gheép cho bénh
nhan hoic ¢ thé dugc sir dung trong tuan hoan mau nhan tao. Cac té
bao gan lgn dugc sir dung dé ghép cho cic bénh nhan bi viém gan
cap tinh. Cac té bao gan nay dugc duy tri trong mot 10 phan ung
nhan tao (extracorporeal reactor) va chung giai doc cho mau nguoi
tuan hoan trong 10 phan tmg nay. Cac té bao lon c6 thé hoat dong
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chirc nang dai hon néu ching dugc lay tir lon chuyén gen khang véi
thé bd sung cua ngudi.

Van dé thir ba 1a kha ning nhidm ngudn bénh virus cta lon
d6i voi bénh nhan duoc cdy ghép.

Mic dau trong thyc tién ghép mo khac loai chua trd nén phé
bién, nhung né van 1a m6t phuong phap hap dan cho viéc thay | thé co
quan va liéu phap té bao (cell therapy). Sur dung té bao gbc cua
ngudi c6 thé 13 thich hop hon ddi véi liéu phap té bao trong tuong
lai. Cho den nay viéc tao co quan nguoi in vitro van 1a mot thach
thirc. Chi té bao da va té bao mau nudi cay in vitro dugc chuan bi
déu dan dé cay ghép cho bénh nhan. Vi vay lon van 1a mot ngudn co
quan ddy tiém ning d6i voi nguoi.

Yéu t6 cin ban trong viéc tao ra vt nudi chuyén gen dé cung
cip ndi quan cy ghép cho cac bénh nhén 14 ngin can su loai thai thé
ghép nho su hoat hod cac nhan td bod sung thudc hé mién dich cua
nguoi. Cac nha khoa hoc da tao ra lon chuyén gen biéu hién gen ma
hoa cac nhan t6 ngan can su bd sung cua ngudi (human complement
inhibitory factors) nhu nhan t6 lam tang nhanh sy phan huy (decay-
accelerating factor) (Rosengard, 1995). Muc tiéu nay dang duoc tiép
tuc nghién ctru.

1. 6. Tao ra dong vat chuyén gen lam mé hinh nghién ctru bénh &
nguoi

Hon 3000 bénh di truyén cia nguoi di duoc biét va viéc
nghién ctru cac nguyén nhan chu yéu cta chung di dugc quan tim
v6i muc dich dé phat minh céc liéu phap gen té bao sinh dudng va
tim ra cac phuong phap diéu tri hiéu qua. Cac dong chudt noi phbi
dac biét di truyén cac kiéu hinh mong muén mot cach tu phat da
cung cap cac md hinh hitu ich cho viéc nghién ciru su phat sinh bénh
cia nguoi. Tuy nhién mot sO van dé lién quan véi sy nghién ctu
bénh di truyén nguoi xay ra mot cach tu nhién bang cach sir dung
dong vat la:

- Céac dong dong vat cho théy cac triéu chung bénh dac biét

thudng kho gip va phai ton nhiéu tién dé duy tri.
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_ Céc khuyét diém di truyén dic biét ciia dong vat c6 thé kho
nhén ra va mé ta nhu cac khuyét diém di truyén twong tng
& nguol.

- Céac dong vat bi bénh thuong khac voi cac dong vat dbi
chtng khong bi bénh & cac nhan té di truyén thém vao véi
gen bénh.

Trong thap ky qua, nhiéu dong chudt chuyén gen da dugc tao
ra nhu cadc mo hinh nghlen ctru bénh tdm than, tim mach, ph01 ung
thu, viém nhiém va mién dich ciing nhu dé nghién ctru co. ché va su
roi loan cua chuyen hoa, sy sinh san va su phat trién s6m &
ngudi...(Bang 1.5).Cac mé hinh ndy di dugc ching minh bang cac
tai liéu vé dong vat chuyén gen trong cac co sd dit liéu nhu TBASE
hodac IMR.

Str dung mé hinh chudt chuyén gen da giup cac nha khoa hoc
thiy duoc vai trd ciia gen trong su phat trién va tinh nodi can bang
cia dong vat mot cach nhanh chéng va hy vong s€ xac dinh duge vi
tri va chtrc ning cia gen nguoi tir su hiéu biét vé vi tri va chiic nang
cua gen chudt. Ngay nay, linh vuc y hoc dang ngay cang gat hai
nhiéu loi ich cua ky thuat méi nay. Chuot chuyén gen an toan, khong
dat va 1a nguon phong phu cho cac nghién ctru sinh 1y bénh hoc ciing
nhu thiét ké va danh gia viéc can thiép cua céc liéu phap médi. Thuc
té, khi co s& phan tir cua nhiéu bénh dugc rd rang, mO hinh chuot
chuyén gen hira hen mgt cudc cach mang tdo bao trong viéc hiéu biét
va diéu tri bénh.
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Bang 1.5: Mt s6 bénh dwoc diéu tri bang mé hinh chudt chuyén gen

(Jeff D Hardin, 1994)

Bénh Gen Tai liéu tham khao
Cystic fibrosis CFTR O’Neal,1993; Dorin,
1992; Snowaert, 1992
Atherosclerosis Apo E, Ape(a), Apo | Havel, 1989; Zhang,
A-II 1992; Shimano, 1992;
Fabry, 1993
Liéu phap gen | Apo Al, Ape E, LDLR | Plump,1992;Goldstein,
khang 1989; Warden, 1993
Atherosclerosis

B-Thalassemia

B-globin

Yokode, 1990

Thieéu mau hong cau
hinh liém

Bs, (va céc dang dot
bién)

Yokode, 1990

Bénh viém rugt

Interleukine-2,
Interleukine-10,T-cell
receptor, §, MHC II

Podolsky,1991;
Mombaerts, 1993; Kuhn,
1993; Sadlack, 1993

T!liéu hut mién dich | Rag-1, Rag-2 Rubin, 1991;
ket hgp ning Mombeaerts, 1992

Liéu phap gen loan | Dystrophin Shinkai, 1992

dudng co

Bénh Alzhemers B-amyloid Cox,1993; Sandhu, 1991
ALS (Amyotrophic | Neurofilament heavy | Kawabata, 1993

lateral sclerosis) chain

Bénh tiéu dwong | Interferon Stewart, 1993

phu thudc insulin

Ung thw

Cac gen ung thu va cac
gen uc ché ung thu

Fowlis, 1993
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1. 7. Tao ra dong vat chuyén gen lam mé hinh nghién ciru trong chat
doc hoc

Phén 16n cac dong dong vat chuyen gen su dung trong chat doc
hoc dé thir nghiém cac chat gy dot bién va cac chat gy ung thu.
Trong truong hop cac chat gdy dot bién, cac phuong phap phat hién
cac dot bién gen hién nay dugc gioi han chu yéu in vitro. Cac
phuong phap in vitro phan 16n lién quan dén viéc phan tich su ton
thuong nhiém sac thé trong mot loai mo riéng biét ddi voi tac dong
gay dot bién. Ly do céan ban ddi voi viée su dung dong vat chuyen
gen 1a dé phat trién mot xét nghiém phat hién chat gy dot bién in
vivo trong mot loat cac loai mo khéc nhau, ké ca cac té bao mam.

1.7.1. Thir nghiém cac chat gay dot bién

Céc m6 hinh chudt chuyén gen c6 gia tri thuong mai bao gém
chudt Mutamouse va Big Blue chira gen chuyén lacZ va lacl cua
E.coli mdt cach twong (mg. Céac gen chuyén nay duoc tao dong trong
vector phage va ching da tich hgp vao trong genome cua chudt.
Theo cach xu 1y chudt chuyén gen voi mot thu nghiém hoa hoc,
vector phage di tich hop dugc tach khoi DNA genome bang viée
dong goi in vitro. Phage dot bién véi cac gen lac da phan huy duoc
nhan ra nho kha ning sinh trudng ciia chung trén cac dong té bao
chu E.coli d& bi ton thuong va nhd mau cua céc dia phan giai.

Céc tac nhan 1a cac chat gdy dot bién manh dugc phat hién véi
mure chinh xac cao nhung kha nang cua cac xet nghiém nay de phat
hién dung cic chat khong giy ‘ung thu doi hoi can phai tiép tuc
nghién ctiru. Ngoai ra, kho co thé phat hién cac chat giy nén cac dot
bién méat doan 16n. Dua vao thuc té 1a chi cac doan DNA c6 chiéu
dai dic trung duoc dong goi 1a ¢6 hidu qua vi vay cac dot bién mat
doan 16n hodc thém doan s& chic chin khong dugc phat hién. Dé
khéc phuc van dé nay, chudt chuyén gen da duogc tao ra mang mat
plasmid vo1 hé théng lacZ, trong d6 cac dot bién mat doan 16n co thé
dugc phat hién (Gossen, 1995).
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1.7.2. Thir nghiém cac chat gay ung thu
Xet nghiém sinh hoc thuong s dung mét luong 1on dong vat
(400-500 con cho mot chét) va dé& tao ra sb liéu khong chinh xac ¢
lidu cao. Nguyén ly sir dung co ban dong vat chuyén gen cho viéc
thir nghiém céc chat giy ung thu la sy c6 mat cia mot gen chuyen
thich hop s€ khong truc tiép gay ra khéi u nhung s& cho thdy mot
bam chét d& mic bénh cao voi chat gdy ung thu. Vi sy Xudt hién mot
dong ac tinh yéu cau mot sO thay d6i di truyén thém vao cac té bao
da nhiém, thoi gian can thiét cho diéu nay xay ra dugc rat ngan.
Bam chat d¢ mac bénh voi chat gay ung thu nay da dan dén tinh
trang ung thu ma khong tang toc do xay ra, n6 khong chi cho phep
su thor nghiém chat gdy ung thu it ton thoi gian hon ma con lam
giam so lugng dong vat yéu cau khi xét nghiém.
Ba dong chu@t chuyén gen khac nhau da duoc tao ra cho viéc
thir nghiém cac chat gay ung thu:
~ Chuot chuyén gen Ep-pim-1 mang gen ung thu da hoat hoa
pim-1 (gen nay c6 t(f)c d6 gy ra khéi u tu phat thip va xuét
hién rat nhay véi chat gdy ung thu ).
_ Chuodt chuyén gen mang mot gen ung thu da hoat hoé (v-H-
ras, c-H-ras) hodc mot gen trc ché khdi u bat hoat (p53).
- Chudt chuyén gen véi gen sira doi DNA d3 bat hoat (XPA).

Tuy nhién, dong vat chuyén gen mang bénh ung thu riéng ¢
két hop voi cac dot bién co thé cung cap nhiing thong tin sai lac.
Trong cac té bao dong vat gam nham, cac dot bién riéng 1é co thé
din dén mot kiéu hinh thay dbi nhung khong du dé gay ra sy thay
d6i hoan toan cua cac té bao ngudi. Do d6 cic md hinh dong vat
chuyén gen cé thé qua nhay cam véi cac chat giy ung thu thém vao
va vi vay danh gia qué cao sy rai ro ctia con ngudi ddi v6i bénh nay.

2. Mot 56 thanh twu trong linh vuec tao dong vat chuyén gen

Biang k¥ thuét vi tiém DNA vao tién nhan ngudi ta di tao ra
nhiéu dong vat chuyén gen nhu chudt, tho, lon, ctru, bo, ga, ca... Tuy
nhién, sy thanh cong nay da bi han ché boi su tén kém, mat nhiéu
thoi gian, kho khan vé ky thuat, khong hiéu qua cua phuong phap
nay khi 4p dung dbi véi cac loai dong vat ngoai trir chudt. Dbi véi
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clru va trau bo thi viée cung cip tring 1a rat han ché. Mot van dé nira
la & dong vat nudi chi khoang 1% hop tir vi tiém phat trién thanh
dong vat chuyén gen, trong khi d6 ¢ chuét 1a 10%.

2. 1. Chudt chuyén gen

Vao nam 1982, Palmiter va Brinster da thanh cong trong viéc
tao ra dong vat chuyén gen dau tién trén thé gidi, bang cach chuyén
gen cua loai chudt nay sang phoi loai chudt khac. Gen chuyén da
biéu hién & chudt chuyén gen va cac thé hé con chau cua chung. Hai
nha khoa hoc nay da nhan dugc giai thuéong Charles Leopold Mayer,
giai thuong cao qui nhét cua Vién Han 14m khoa hoc Phap vao nim
1994.

Hinh 4.6: Chut chuyén gen horrmone sinh truwéng (bén phai) va
chuot doi chirng (bén trai)

Palmiter va Brinster dd chuyén mot gen ngoai lai vao tring
chuot thy tinh. Sau d6 cay cac tring nay vao chudt me thay thé va da
ching minh dugc ring gen chuyén hoat dong chic nang trong mot
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s6 chuét con sinh ra. Nhan giéng chuot thé hé con, cac nha khoa hoc
da cho thy gen chuyén co thé duoc truyén tir thé hé nay sang thé hé
khac theo qui luat di truyén Mendel. Voi ky thuat chuyén gen,
Palmiter va Brinster tin tuorng rang cong vi€c nay s€ lam sang to van
dé thong tin trong ban “thiét ké* di truyén cua chung ta khong duoc
mi hod trong cac co thé séng nhu thé nao va cac gen hoat dong
trong qua trinh phat trién binh thuong ciing nhu trong trang thai
bénh tit ra lam sao. Viéc tao ra chudt chuyén gen la mot dinh hudng
quan trong trong nghién ctru li¢u phap gen dé diéu tri cac réi loan
giy nén boi cac 16i cia ma di truyén.

Palmiter va Brinster da hiéu dugc co ché té bao doc ma di
truyén va dich cac thong tin d6 thanh cac ciu trac sinh hoc. Ky thuat
chuyén gen ma ho st dung dua trén co so 1a gen c6 hai phan chinh:
vung md hoa prtein va vung diéu hoa hoat dong cua gen. Mot gen
ngoai lai c6 ngudn gbc tir co thé khac duoc ndi voi mot ving kiém
tra dong-m¢é (on-off) va chiu tdc dong cua vung nay. Palmiter va
Brinster dd tién hanh st dung cong tic md la promoter MT
(metallothionein). Promoter MT hoat hoa béi cac ion kim loai dong,
kém va catmi, duoc ndi v6i gen ma hoa enzyme thymidine kinase.
T6 hop gen niy duoc dua vao trimg chudt vira méi thy tinh. Cac nha
khoa hoc di thay ring, binh thuong ion catmi ¢ tac dung mé (turn
on) gen MT, nhung bay gio n6 m¢ gen thymidine kinase khi ¢ trong
phoi chuodt. Bang cach tuong ty, promoter MT duoc nbi véi gen
hormone sinh trudng chudt cong va sau d6 chuyén vao chudt nhit.
Két qua la cac chudt nhét “siéu hang* co6 kich thudc 16n hon chudt
binh thudng nhiéu 1an da ra doi.

Chu6t chuyén gen d3 cung cip cho Palmiter va Brinster
phuong phap dé kiém tra cac mé hinh thi nghiém va diéu trj bénh.

Cho dén nay hang trim gen khic nhau dd dugc dua vao cac
dong chudt khac nhau va két qua 1a hang trim dong chudt chuyén
gen da dugc tao ra va dugc phan tich. Cac nghién clru nay da gop
phﬁn cung cép cac hiéu biét vé sy diéu hoa hoat dong cua gen, su
phat trién khoi u, tinh dic hiéu ctia mién dich, di truyén hoc phan tir
ctia sy phat trién va cac qua trinh sinh hoc co ban khac. Cac mé hinh
chuot chuyén gen diéu tri cac bénh nhu ung thu, bénh thiéu mau
hong cau hinh liém, tiéu duong... cling da duoc nghién ciru. Chudt
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chuyén gen con dugc sir dung dé san xuat cac protein qui hiém thong
qua tuyén sira va nudc tiéu.

DNA c6 thé dugc dua vao chudt nhd vector retrovirus bang
cach nhiém vao céc t€ bao ¢ giai doan phoi som trude khi cay vao
con cai nhan; vi tiém vao ti€n nhan duc cua trung da thu tinh va dua
cac té bao goc phoi da thao tac di truyén vao phoi dang phat trién &
giai doan sém trude khi cy vao con cai nhan.

Céac nghién ctu nay da dugc md rong ap dung trén cac doi
tuong khac nhu thd, ga, c4, curu, lgn, trau bo, dé...

2.2. Thé chuyén gen

Tho da dugc s dung lam md hinh thuc nghiém trong céc thi
nghiém chuyen gen. Viée tao ra thd chuyen gen thanh cong da dugc
cong bd vao nim 1985 vé6i gen chuyén 1a hormone sinh trudng cé
cau trac MT-hGH (Hammer, 1985; Brem, 1985). Ti 1¢ cac hop tu
tho bi thoai hod do vi tiém 1a dudi 10% (Ross,1988). Kha nang phat
trién cua cac phdi da vi tiém trude khi chuyén ghép hop tur 1a thap
hon dang ké so véi cac phoi dbi chimg.

Hién nay tho 14 d6i twong chuyén gen nham muc dich tao ra
protein qui sir dung trong y duoc thong qua tuyén sita boi cac 1y do
sau day:

- Gia phoi tho thép nén co thé tao ra mot lugng 16n tho chuyén
gen. Diéu nay da cung cap cho cac nha nghién ciru ting ddng ké kha
ning tao ra dugc modt hodc vai dong thé chuyén gen san xuét ra
protein hoat dong sinh hoc véi sb luong day du.

- Thoi gian mang thai ctia thé ngan va thanh thuc sinh duc
nhanh vi vy cho phép tao ra dong tho chuyén gen nhanh hon so véi
cac dong vat chuyén gen khéc nhu dé, ctru hoac bo...

- Gia san xudt thép.

- V& mit di truyén, thé gan véi ngudi hon bét ky dong vat cho
stra nao khac do vay no6 la mé hinh duogc chon cho viéc san Xuét cac
protein chira bénh ¢ nguoi ddc biét 1a cac protein phirc tap.

- Khong truyén cic bénh nghiém trong do virus gy ra cho
nguoi.
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- Mot tho cai c6 thé tiét mot luong sita 1én dén 250ml sita mdi
ngay. Trong qui trinh chuan, mdi ngay chi c6 100-150ml sira dugc
liy tir mot tho cai dién hinh, twong duong véi 15 lit mdi ndm ddi véi
mot tho cai.

- Luong protein tai t6 hop trong sira thé chuyén gen bién d6i tir
1-10g trong mot lit.

Céc loai protein c6 thé dugc san xuit trong sita tho 1a céac
khang thé don dong (monoclonal antibody), vaccin...

Vao nam 2001, Eduardo Kac, gido su thugoc Hoc vién Nghé
thuat Chicago, My da két hop véi cac nha Di truyén hoc Phap da tao
mot con tho chuyén gen c6 kha ning phat ra anh sang mau luc &
trong t6i bang cach vi tiém gen ma hoa protein huynh quang mau
xanh 14 cdy c6 ngudn gdc tir stta vao hop tir tho (Hinh 4.7). Pay la
hudng nghién ctru méi phuc vu cho muc dich ngh¢ thuat. “No 1a mdt
vat dé cho hoa si thi nghiém trén nén cua khung v€ va hoan toan
khac véi thi nghiém dé tao ra mot su Séng“. Nhiéu nha nghé thuat
khac dang nghién ctru Cong nghé¢ Sinh hoc va y nghia xa héi cua nd
ma khong nham muc dich tao ra dong vat chuyén gen.

Hinh 4.7: Elba, tho chuyén gen protein huynh quang mau xanh 14 ciy
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2. 3. Lon chuyén gen

Ném 1985, Hammer va cOng su da cong bd tao duoc lcyr}
chuyén gen GH bang phuong phap giong nhu da dugc sir dung dé
tao ra chudt “khong 16° tir ndm 1982.

FIGURE 19.20
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Hinh 4.8: Lon chuyén gen siéu nac

Khac voi chudt, cac hop tir cua lon phai duoc ly tim dé nhin
théy tién nhan. Sau khi ly tam, khoang 50% hop tur phat trién in vivo
dén giai doan phéi dau (morula) hoac ph01 nang (blastocyst). Cac
hop tr vi t1em 10 - 20% phat trién dén céc glal doan phdi khac
nhau. Trong b céc hop tir vi ti€ém thi 5,6 - 11% $6 hop tir da phat
trién va tao thanh lon con. Ti 1é hop nhét gen ngoai lai vao DNA cua
con chu la khoang 10%. Céc gen hormone sinh truong st dung trong
cac thi nghlem dau tién d3a cho ti 1& biéu hién 50%. Su di truyen
Mendel don gian da duoc chung minh véi cac dong té bao mam
duoc chuyen gen. Muc do biéu hién dugc duy tri trong nhung lan
sinh san tlep theo. CAu triic va biéu hién cta cac gen chuyen da duoc
nhiéu tac gia cong bo.

Céac gen ngoai lai duoc st dung dé chuyén vao lon 1a mMT-
hGH (mouse methallothionein-human growth hormone), mMT-bGH
(mouse methallothionein-bovin growth hormone), mMT-pGH
(mouse methallothionein-porcine growth hormone), PRL-bGH
(prolactin-bovin growth hormone), Alb-hGRF (albumin-human
growth hormone releasing factor), mMT-hiGF1 (methallothionein-
human insulin like growth factor 1). Lon chuyén gen mMT- hGRF
(mouse methallothionein-human growth hormone releasing factor)
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cho ti 1& biéu hién 29%. Lon chuyén gen mMT - hGH va mMT -
bGH cho ti 18 biéu hién téi 61%. S6 luong nhimg ban gen la tim thay
& DNA genome cia con chu 1a rdt khac nhau, tir 1 - 500 ban sao
trong mot té bao d6i voi lon chuyén gen mMT-hGH, 1-28 ddi véi
mMT-bGH, 1-15 d6i v6i mMT- pGH va 10 d6i véi PRL-bGH.

Nhiing két qua nghién ciu vé anh huong sinh 1y cua su biéu
hién gen la cho thiy c6 su ting hormone sinh truong o lon chuyén
gen hGH va bGH. Su ting hormone d6 1am thay dbi sinh 1y cta co
thé dong vat. Ngudi ta thay co su phan phdi lai trong luong gitra cac
thanh ph?m cua vat nudi nhu co, da, xwong va cac bd phan khac. Lon
chuyén gen mMT - bGH thi giam d6 ngon nhung tang trong lugng
co thé.

2. 4. Clru chuyén gen

Déi voi ciru khi vi tiém khong can thiét phai ly tam phoi dé
nhin thiy tién nhan. Kha ning phat trién in vivo clia hop tir ciru vi
tiém (10%) va khong vi tiém (26%) bang mdt nira phdi lon sau khi
xtr Iy twong tu. Sau 7 ngay nudi ciy in vivo cac hop tir ctru khong vi
tiém, Rexroad va Wall (1987) da quan sat duoc ti 1¢ phat trién 1a
86%. Mot thi nghiém nudi cay in vivo trong 5 gio da giam ti 1¢ phat
trién nay xuong con 65% va sau khi tiém mét dung dich dém da
giam xudng dén 42%. Sau khi vi tiém dung dich DNA, 19% s hop
tir phat trién dén giai doan 32 té bao. O nhiing thi nghiém déu tién, ti
1¢ hop nhat 1a khoang 1% trong khi ti 1¢ séng sot cta phoi vi tiém
dén con non 13 7% va 6,2% (theo Brem, 1991).

Cac gen GH da duoc st dung dé chuyén vao clru. Ngoai céc
gen GH nhu d3 ding dé chuyén vao lon (mMT-hGH, mMT-bGH,
PRL-bGH , mMT-hGRF), nguoi ta con st dung cac gen sMT-sGH
5(sheep methallothionein-sheep growth hormone 5), sMT-sGH
9(sheep methallothionein-sheep growth hormone 9). Cac két qua thu
dugc khong duogc tdt nhu & lgn. Chi ¢6 clru chuyén gen sMT-sGH
cho ti 16 m& thdp hon so v6i ctru dbi ching. Nguoi ta cho rang céc to
hop MT-gen chuyén khong c6 kha ning cam mg véi cac kim loai
ning khi ctru dn vao. Mit khéc cling c6 thé do O cuu thiéu cac yéu t6
noi bao thich hop cho sy cam tng, cho su tai sap Xep céc gen chuyén
va cho su tich hop gen chuyén vao genome cua té bao chii ¢ cac vi
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tri thuan loi. Bén canh cic gen hormone sinh truéng, mot s cac gen
khac cting da dugc chuyén vao cuu nhu gen ma hoa yéu t6 dong
mau X , gen al-antitripsin, gen cysE, gen cysK.

2.5.Dé chuyén gen

Mot thir nghiém cling da dugc thuc hién dé tao ra gen chuyén
gen bang ky thuat vi tiém vao hop tir di ly tim (Armstrong va cong
su, 1987; Fabricant va cong su, 1987). Ti 1€ dé con cho sira chuyén
gen sinh ra la 5 - 10%. M{t ) protein duogc phﬁm da duoc biéu hién
& sita dé chuyén gen (Bang 4.3).

2.6.Bo

Gidng nhu lon, tién nhan cta hop tr bo duoc thiy rd nho ly
tam. Lohse, robl va First (1985) da tiém gen thymidine - kinase vao
hop tir bo va da thay rang, 24 gio sau khi tiém khoang 30% phéi c6
thymidine - kinase. Roschlaw va cong su (1988) da vi tiém 513 hop
tr bo voi 3 cau trac gen khac nhau c6 ngudn goc tir virus va di tim
thdy DNA ngoai lai trong 14 phoi. Loskutoff va cong su (1986) da
thu dugc 3 thai sau khi tiém 72 hop tir va 17 phoi & giai doan 2 té
bao. Mc. Evoy va cong su (1987) da thu dugc 4 thai sau khi chuyén
43 hop tir vi tiém va 8 trimg & giai doan 2 té bao vao 17 thé nhén.
Church, Mc. Rae va Mc. Whir (1986) da tiém 852 hgp tir bo voi gen
alpha-fetoprotein va thay 4 phoi c6 su hop nhat gen trong s6 111
phoi phat trién.

Trong thi nghiém vi tiém hop tr bo, ti 1€ bé con sinh ra tir phoi
vi tiém 13 19,9%, twong (mg véi cac phoi ddi chiung khong vi tiém 1a
42,8%. Theo Church va cong su (1987) thi 7 trong 126 bé con vi
tiém (5,6%) DNA ngoai lai d3 hop nhit v6i DNA genome. Biery,
Bondioli va Mayo (1988) di dat duoc ti 16 hop nhét tir 0,22 - 1,76%
sO hop tir vi tiém.

2.7. Ga chuyén gen
Ga chuyen gen duoc phat trién nham cac muc dich chu yeu

phat trién, cai tién cac phuong phap va ki thuét thi nghiém; san xuét
dugce pham va cac protein khac trong trimg dé st dung trong y hoc
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nguoi va vat nuoi; nhan biét va khai thac cac tinh trang sinh hoc ¢6
lgi cho san xuat thit gia cam; nghién ctru sy phat trién phoi.

2.7.1. Phat trién, cai tién cac phuong phap va ky thuat thi nghiém

Khong nhu cac dong vat khac,viéc nghién ctru chuyén gen & ga
gap phai mot so han ché nhét dinh. O dong vat c6 via va ca, trimg 13
mot té bao co tién nhan c6 thé dugc nhin thdy dé vi tiem DNA ngoai
lai vao. Trong khi dé trimg ga ngay khi vira dugc dé ra phoi da bat
dau phat trién ¢ nodn hoang va chira khoang 50.000-60.000 té bao.

Vao gitta thap nién 1980, mot nha nghién ctru & Vién Sinh ly
hoc Pong vat va Di truyén & Edinburgh da vi tiém DNA ngoai lai
vao cac té bao phodi ga don 1¢. Cac phdi duoc chuyén tir dng din
tring cua ga mai dat vao trong cac binh chtra cac dung dich tuong tu
nhu & trong trimg. Sau d6 mdi mot phdi duge chuyén vao trong mot
vo tring nhan tao, han gén lai béng keo duoc ché tao tir long tra"lng
tring va thude khang sinh. Céc trimg nay duoc dem ap nhan tao. Két
qua la cac cha ga con ra doi. Tap chi New Scientist da goi chung la
cac “ga con 6ng nghiém” dau tién trén thé gidi cho phép cic nha
nghién ciru tao ra “ga siéu hang” bang cach xen DNA ngoai lai vao
phoi.

Vao nim 1993, mot nghién ctru vé kha ning ctia gan ga dé biéu
hién protein tai to hop in vivo. Nghién ctru nay duogc thiét ké dé danh
gia su sir dung gan ga “tac dong dén tdc do sinh truong, su chuyén
hoa, thanh phén cAu tao m& co thé va hiéu qua cua cac loai thude
khac nhau” va dé nghién ctru mé hinh chira bénh di truyén nguoi.
Trong thi nghiém nay, gen khang neomycin tai to hop cua chudt
dugc gin véi vector retrovirus leukosis ga va dugc dua vao phéi.

Vao nam 1994, mot phuong phap tao ga chuyén gen bang vi
tiém DNA ngoai lai tir hai loai vi khuan khac nhau d3 duoc mé ta.
Trudc tién ga mai dugc thu tinh nhan tao voi tinh dich cua ga tréng
khoé manh. Sau d6 giét chét ga mai bang cach tiém vao tinh mach
ciia n6 chat gy mé véi lidu cao. M bung ga mai da chét va di
chuyén bo phan 6ng dan trimg chira trimg thu tinh khong vo. Sau d6
dat trimg vao cac vo thay thé va tiém DNA plasmid vi khuan vao dia
phoi ctia hop tir (phdi 1 té bao). P6 day vo tring dung dich nudi cy
va han gin lai. Tiép theo 1a phén tich tinh trang ctia DNA plasmid da
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tiém vao dia phoi tdi thiéu sau 12 ngay trong moéi truong. Voi 128
trimg vi tiém, 7 ga con vi tiém song dén thanh thuc sinh duc. Trong
d6 1 ga trong da truyen DNA plasmid vi khuan cho 3,4% con cai clia
no. Cac ga con chuyen gen nay song dén thanh thuc sinh duc va
dugc nhan gidng dé san xuit ga chuyén gen. Két qua ndy chung t6
su di truyén DNA ngoai lai 6n dinh c6 thé dat dugc bang phuong
phép nay.

Muc dich cua mot nghién ctru dugc cong bd vao nim 1995
trong tap chi Transgenic Research 1a dé phat trién mot hé thong
vector retrovirus an toan cho viéc tao ga chuyén gen. Véan dé 1a trong
thuc t& su tai ban in vivo cla virus ga dugc st dung co thé gay bénh
sau mot thoi gian dai. N6 1am ting nguy co tinh trang nhiém virus
man tinh. Virus hoai tur lach ga (ANV=Avion Necrosis Virus) la
tuong dbi gan glii voi retrovirus dong vat c6 vi va vi vy co thé thiy
rang ANV ¢6 thé nhiém cho té bao nguoi. Cac nha nghién ctru da
tim ra mot phuong phép tao ga chuyén gen bang cach st dung céac
vector tii ban dd sia d6i dya trén mot hé thong ngoai hudng
(ecotropic system) ma 1am cho n6 chi ¢6 thé nhiém vao té bao ga.

St dung vector c6 ngudn gdc tir virus leukosis ctia chim
(ALV= Avion Leukosis Virus), cac nha nghién clru da tiém gen
ngoai lai vi khuan vao khoang duéi dia mam cua phdi ga khong ap.
Sau do tach chiét DNA tir cac ph6i nay va dem tiém vao mot nhom
phoi ga khong ap khac. Trimg vi tiém dugc dem a ap. Trong s6 1550
trimg ga vi tiém gen gan véi vetor ngoai huong duge dem ap thi chi
c6 36 trung nd. Theo cac nha nghién ciu, phan 16n phoi chét som
sau khi vi tiém chu yéu 1a do viéc mo VO trung cua ching. Mot ga
trong chuyén gen thanh thyc sinh duc sbng sot dugc truyén gen cho
thé hé sau véi tan s6 2,2%.

Vao nam 2002, cac nha nghién ctru cia Cong ty AviGenics va
Khoa Di truyén cua truong Pai hoc Georgia & Athens da tim ra mot
hé thdng vector ALV ¢6 gia tri hon dbi v6i viéc tao ga chuyén gen
cling nhu dé phat trién cach nhan dién thé hé sau chuyén gen mot
cach nhanh chong véi cac phuong phap it tén cong stc hon. Ho da
san xut duoc 3 dan ga mang gen chuyén (voi hé thdng vetor ALV)
hop nhat, 6n dinh va di truyén lai cho cac thé hé sau. Gan 5% ga
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trong sinh ra tir phoi vi tiém dugc s dung de nhan gidng. Cac ga
tréng nay da truyén gen lai cho con chau vdi tan s6 1%.

2.7.2. San xuédt dugc pham va cic protein khac trong trimg dé sir
dung cho y hoc nguoi va vat nudi

Trong linh vuc nay, ga mai va trirg cua ching dang dugc st
dung nhu 14 cic nha méay san xut protein va khang thé. Cac nha
khoa hoc di tao ra ga chuyén gen ¢co thé san xudt protein trong tring.
Pay 1a mot bude quan trong dé tlen dén muc tiéu nhan giong ga mai
c6 thé de nhiing “qua tring vang” ma thude duogc dong goi trong do.
San xuét thude trong 1ong tring tring c6 nhiéu loi thé. Ga c6 thé dé
nhiéu thé h¢ trong mot thoi gian ngan. Mot thé hé ciia ga 1a khoang 6
thang, ngan hon rat nhiéu so véi cac dong vat c6 vi 16n nhu dé
chang han phai can 18 thang sinh trudng tir phoi chuyén gen méi co
kha nang cho stra. Ga cling san xuit dugc nhiéu protein, hang nim
mdi gd mai c6 thé dé xap xi khoang 330 qua trang chira 6,5 gam cac
protein khac nhau. V& mat sinh hoc thi long trang trang it phirc tap
hon sira va c6 nhiéu phuong phap tach chiét cac protein khac nhau
tir tring mot cach dé dang. Harvey va cong su (2002) thudc trudng
Pai hoc Georgia ¢ Athens da dua gen md hoa enzyme beta-
lactamase vi khuan vao trong phdi ctia ga Leghorn tring. Khoang
2% cac phoi nay di sinh truong dén thanh thuc va da biéu hién
enzyme beta-lactamase trong mét so té bao. Budc tiép theo, cac nha
nghién ctru di cho lai cac ga binh thuong véi cic ga tréng va ga mai
d3 biéu hién beta-lactamase trong tinh trung hay trong tring cua
chung. Thé hé con sinh ra di mang cic ban sao cla gen beta-
lactamase & trong tat ca cac té bao va cic ga mai thé hé con nay da
dé ra cac qua tring mac du nho nhung c6 chtra beta-lactamase. Cac
gen chuyén 6n dinh trong ga. Mdi ga mai chuyén gen c6 thé dé tring
chtra enzyme t6i thiéu 13 16 thang va gen chuyén hoat dong chuc
nang t6i thiéu qua 4 thé hé ga mai.

Tuy nhién, loai virus dugc s dung lam vector hi¢n nay chi co
thé mang cac gen co kich thudc nho vao DNA cua ga. Déay la mot
van dé quan trong boi vi trong thuce té nhiéu gen hitu ich c6 kich
thude 16n hon gap 10 lan so véi gen beta-lactamase. Hai hudng
nghién ctru tiép theo ma cac nha khoa hoc dang tip trung vao la
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chuyen cac gen ma hoa cdc protein sit dung cho chira bénh va phat
trién cac phuong phap de tao ra nhiéu protein ngoai lai duy nhét
trong cac md dic biét nhu éng dan trimg ching han.

Nghién ctru ga chuyén gen dang duoc sit dung dé:

- Ché tao vaccin.

- San xuat khang thé trong trimg. Cac khang thé nay duoc thém
vao trong thirc dn cta lon dé dé chong nhiém khuan (nhu E. coli).

- San xuat khang thé thuc ddy sy sinh truéng trong nodn hoang
dé cung cip nguyén liéu cho vat nudi nham muc dich ting toc do
sinh trudng cua chung.

- San xuét protein tai to hop lactoferrin va lysozym. Pay 1a cac
chat bo sung véi thude khang sinh thic day sy sinh truong hoic
khang thé trong khau phan thirc an gia cam.

- San xuét khang thé chng ung thu & nguoi.

- Tiét ra hormone sinh truéng ngudi dé chita bénh lun.

- San xuét trimg c6 ham luong cholesterol thap hon phuc vu
cho con nguoi.

- Séan xuét isoflavon ddu nanh trong trimg dé ban cho ngudi
tiéu dung.

- San xuét cac khang thé nhu immoglobulin chim hodc IgY mot
cach dic biét, thay thé cho viéc sir dung cac dong vat thi nghiém.

- Tao dong san Xuat ga thit (broiler). Khi trimg ga mai thit thu
tinh mang cac té bao “kiéu thit” thi s& cho phép tao dong ga thit.
Trong chuong trinh ndy, cac ca thé nhét dinh tir cac dan ga pha hé s&
dugc tao dong va vat chét di truyén dugc dua vao trong tring thu
tinh. Cac nha khoa hoc nuéi cdy té bao mang gen ngoai lai va sau d6
dua cac té bao nay vao trong phdi ciia trimg nhan da thu tinh va tao
ra dugc ga thé kham. Trimg nhan da thu tinh cé thé thu thap tur cac
dan ga nhu Leughorn ching han. Ga Leughorn c6 thé sinh san mot
sO luong 16n tring voi gia thanh khong dat. Khi cac trimg chuyén
gen nay duoc ap nd s& thu duoc ga thit.

2.7.3. Nhan biét va khai thac cac tinh trang sinh hoc c6 1¢1 cho san
xuat thit gia cam
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Vao dau thap nién 1990, Cong ty Merck- mét trong nhing
cong ty gia cam 16n nhat trén thé gioi da diang ky bang sang ché
Chéau Au vé ga chuyén gen hormone sinh trudng bo dudi cai tén “ga
vi mo” (Macro Chicken).

Trong luc d6 cac nha Di truyén hoc dang nghién clru mot gen
giam mo de xen vao ga broiler boi vi tbc d6 sinh trudong nhanh da
lam tang s6 luong té bao m& & nhitng con ga nay. O giai doan 6 tuin
tudi, ga chuyén gen hormone sinh trudng cé tdc do sinh truong
nhanh gép 3,5 lan so véi ga binh thuong. Nhung ti 1€ tir vong cua ga
mai dé chuyén gen 13 gp 7 1an va hon 2% ga chuyen gen chét do
suy tim & giai doan dau cua sy phat trién. Téi thiéu 1/4 ga broiler bi
qué va cac nghién ctru cho thiy rang ching bi dau. Vi nhiéu van dé
gy nén do sy sinh truéng voi tbc d6 manh mé cla ga chuyén gen
hormone sinh truong nhu vay, nganh ky ngh¢ gia cam dang xem xé&t
cac phuong phap sta d6i di truyén khac dé nhan giéng ga cho thi
truong thé gidi. Trong thé ky 21 nay, chic chin cac cong ty glong s€
tr& nén ngy cang quan tim dén cac tinh trang khac hon 1a téc do
sinh truong. Cac cong ty Cong nghe Sinh hoc cho rang cac ké hoach
ctia ho khong chi ting s lwong ga nudi dé giét thit ma con rat ngan
thoi gian sinh trudng cua ga hoac ngay ca viéc ga co trong luong co
thé 16n hon.

2.7.4. Nghién ctru sy phét trien phoi

Vao nam 2003, cac nha khoa hoc gia cam truong Pai hoc
North Carolina da phat trién mot cong cu moi hitu dung dé hiéu
duogc phoi ga phat trién nhu thé nao.

Céac nha nghién ctru da thanh cong khi chuyén gen vao ga va
tao ra duoc mot dong ga mang gen marker dac hi¢u. Hién nay cac
phéi ga chuyén gen nay duoc sit dung nhu 13 mot mé hinh dé hiéu
duogc su phat trién cta phdi binh thudng va phdi khong binh thudng.
Céac dong ga chuyén gen moi nay dugc su dung trong cac nghién
ctru v6i muc dich tim hiéu cac khuyet diém sinh san nhu tinh trang
bién dang cua chi, tat nut dbt song (Hinh 4.8). Cac nha nghién clru
cho ring viéc hiéu cac co ché phia sau cac té bao hoat dong co tét
khong trong qua trinh phat trién cua phoi cudi cing co thé cung cap
manh méi dé 1am nglmg sy phat trién cia bénh tat va c6 thé dan dén
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nhi¢u hiru ich khac ké ca viéc cai tién strc khoé cuia con nguoi va
dong vat.

Hinh 4.9: Ga chuyén gen dé nghién ctru qua trinh phat trién phéi

Céc nha nghién ctru d tao ra g chuyén gen bﬁng cach vi tiém
gen /lacZ v61 mot tin hi¢u dinh vi ¢ nhan (gen /acZ dé phat hién va
biéu hién protein B-galactosidase) dugc ndi véi vector retrovirus
SNTZ vao khoang dudi dia phoi hodc 16p té bao trén bé mat cia
noan hoang cua trimg vira méi dé. Sau do trimg dugc a ap no va gen
lacZ dugc phat hién bang phan tmg PCR. 8 trong s6 15 ga tréng vi
tiém sdng dén thanh thuc sinh duc mang gen lacZ & trong tinh trung.
Cac ga trbng nay dugc dem lai vo1 ga mai binh thuong khong
chuyén gen. Mot trong 8 ga trong mang gen lacZ dugc dem lai da
tao ra dugc 224 ga thé hé Fy, trong d6 co 2 ga trbng mang gen lacZ,
chiém ti 1 0,89%. Hai ga trong F, ndy duoc dem lai v6i ga mai binh
thuong tao ra thé hé F,. 46,5% ga F, mang gen /acZ nhu mong doi
dbi véi mot alen troi déng hop tir. San pham cua gen lacZ 1a B3-
galactosidase dinh vi & nhéan dugc biéu hién & mdi trudng nudi cy
nguyén bao so cip c6 ngudn goc tir ga F, va nd ciing dugc biéu hién
trong toan bo phoi ga F,. Pay 13 l1an dau tién mot dong ga chuyén
gen biéu hién B-galactosidase dd duoc phat trién.
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2.8. Khi chuyén gen

Nhu chiing ta da biét, nguyén tac cta tinh tring trong qué trinh
thu tinh 13 chuyén genome don bdi ctia minh vao tring dé tao thanh
hop tir. Kha ning nay da duoc khai thac nhu 12 mot chién luge ddi
moi sy phan phat DNA ngoai lai dbi voi su sinh san cia dong vat
chuyen gen. Bang phuong phap vi tiém tinh trung mang plasmid tai
t6 hop mot cach truc tiép vao té bao chat cua tring (intracytoplasmic
sperm injection =ICSI), cidc nha khoa hoc thudoc Truong Pai hoc
Khoa hoc Strc khoé¢ Oregon, My di tao ra cac phoi biéu hién gen
chuyén ¢ khi rhesus. Plasmid téi t6 hop duoc s dung trong thi
nghiém bao gébm gen marker ma hoa protein huynh quang mau xanh
14 cay GFP (green fluoenscent protein) két hgp véi promoter CMV
(cytomegalovirus). Gen GFP duoc tach chiét lan dau tién tir cac con
stra ¢ mau sic sic s& va la gen dugc cac nha nghién ctru va chudng
vi khi GFP duoc tao ra voi sb luong ddy du ching sé phat ra anh
sang mau xanh. Cac phoi biéu hién GFP di dugc tao ra bang phuong
phép ICSI méc du khong thong qua thu tinh nhén tao. Tinh trung cua
khi rhesus vin mang plasmid tai t6 hop sau khi vi tiém vao trong khi
thanh thyc sinh duc. Su biéu hién GFP thé kham di duogc phat hién &
giai doan 1-4 té bao. S6 luong t& bao phdi va ti 18 % phdi bicu hién
ngay cang tang lén trong sy phat sinh phoi cho tdi1 giai doan tai phoi.
Ca khéi té bao phodi bén trong va ngoai phdi bi dinh dudng
(trophectoderm) déu cho thdy huynh quang mau xanh ciia GFP. Tir 7
phoi chuyen gen da tao thanh 3 khi con: mot cdp sinh d6i binh
thudng gom mot duc va mot cai bi sinh thiéu 35 ngay va da chét
yéu; mot con duc sirc khoé tot sinh dung thoi han dugc dat tén 1a
“George“. Két qua nay chimg té rang voi phuong phap ICSI, tinh
trung khi mang DNA ngoai lai van duy tri kha ning sinh san cia
ching mot cach binh thuong. Tuy nhién, vé mit ly thuyét cac nha
khoa hoc Van lo ling rang phuong phap nay c6 thé truyén thém vat
chat di truyén cho thé hé sau do nhiém tir bén ngoai vao mot cach
tinh ¢ (vi du nhu nhiém virus va vi khuén).

Bang phuong phap chuyén gen nhd vector 1a virus, cic nha
khoa hoc thudc Truong Dai hoc Khoa hoc Strc khoé Oregon, My
cling da tao ra dugc mot mdt chu khi rhesus chuyén gen khac c6 tén
la ANDi (inserted DNA=iDNA nhung dugc ddo nguogc) dugc sinh
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vao ngdy 2 thang 10 nam 2000. O day, mot vector virus khong lay
nhiém di duoc st dung dé mang gen GFP vao trimg ctia khi me mot
cach tryc tiép. Sau do vector virus ndy bam vao bé mit cia trimg va
bi mat di con gen GFP tiép tuc con dudng ctia nd dé di vao nhiém
sac thé cia me. Cac trimg chuyén gen nay s& duogc thy tinh nhan tao.
Phéi thy tinh thu duoc s& duge dua vao cac con me thay thé.

Céc nha nghién ctru da chuyén gen GFP vao 224 trimg. Sau khi
cac tring thu tinh tao ra 40 phdi va hinh thanh nén 5 bao thai. Trong
d6 chi co 3 bao thai sdng st va cudi cung duy nhat chi mot chi khi
chuyén gen thanh cong 1a ANDi. Tuy nhién ANDi khong phat sang
trong t6i (Hinh 4.10).

Hinh 4.10: ANDi - chii khi rhesus chuyén gen dwoc chao doi vao ngay
2 thang 10 nam 2000

Vi phuong phap nay cac nha khoa hoc hy vong s& lap duoc
chd tréng khoa hoc gitra chu6t chuyén gen va nguoi. Két qua thu
dugce di cung cdp mot cong cu nghién ciru day tiém niang va hitu
hiéu dé kham pha nguyén nhén cua cac bénh nhu ung thu,
Parkinson, Alzheimer, tiéu duong, tim mach, cac bénh veé tri tyé...
Nghién ctru nay ciing cho thdy mot budc méi trong hudng liéu phap
gen dong mam (germ line genetic therapies). Cac gen xac dinh cac
van dé di truyén co thé duoc dua mot cach truc tiép vao tring nguoi
chua thy tinh cia co thé me duogc biét mang cac gen b¢nh nhét dinh.
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Cho dén nay tat ca cac nghién ctru lidu phap gen cua nguoi da dugce
gidi han dé tap trung vao cic muc tiéu té bao & d6 cac gen dugc dua
vao khong tré thanh mét bo phan ctia genome.

2.9. Mudi chuyén gen

Theo T6 chic Stc kho¢ Thé gisi (The World Health
Organization), hang nim, bénh st rét 3 anh hudng dén khoang 500
triéu nguoi trén trai dat. Nguyén nhan gy ra bénh la do ky sinh
trung sOt rét. Ky sinh trung sOt rét duogc truyen tr mudi cai. N6 gay
s6t, co cung co, d6 md hoi, run va da cuop di 2 triéu sinh mang moi
nim, trong d6 phan 16n 1 tré em Chau Phi dudi 5 tudi. Trong khi
cac phuong phap thong thuong dé kiém soat bénh sét rét di khong
con ¢6 hi€u qua nhu trudc day cho nén sy ra doi mot bién phap méi
1a rat cap thiét .

Vao nam 2000, cic nha khoa hoc & Hoc vién Hoang gia
London va Phong Thi nghiém Sinh hoc phan tir Chau Au lan dau
tién trén Thé gidi da thanh cong trong viéc duwa mot gen ngoai lai
vao genome ctiia mudi Anopheles stephensi va di tao ra mudi chuyén
gen.

Thanh twu nay co ¥ nghia rat 16n, gitp cac nha khoa hoc di dén
mot bude gan hon dé tao ra mudi khong truyén bénh sét rét. Noi
cach khac, su truyén can bénh quai ac nay co thé dugc kiém soat
thong qua su thao tac trén cac gen cua mudi dé pha v sy tuong tac
qua lai gitra mudi v6i ky sinh tring sbt rét, bang cach tao ra mot moi
truong & trong co thé mudi ma cé thé ngin can ky sinh tring sdt rét
song & d6. Ciing c6 thé thay d6i tap tinh ctia mudi lam cho né thich
hut mau dong vat hon mau nguoi hodc tao ra mudi bat duc duc mot
cach chon loc dé lam giam qu?m thé mudi. Cac nha khoa hoc déu
nhit tri vé tiém ning to 16n cua sy phat trién nay dé chong lai bénh
sOt rét va cho rang trong thoi gian t6i mudi chuyén gen s& dugc tao
ra 6n dinh, an toan va khong c6 kha ning truyén bénh st rét.

Céc nha nghién ctru da xen vao phoéi 4. stephensi gen ma hoa
protein huynh quang mau xanh 14 cay- GFP (green fluorescent
protein) sir dung mot yéu té van dong ctia Drosophila hydei. Gen mi
hod protein nay dugc st dung bdi vi n6 hoat dong nhu 1a mdt marker
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va GFP tao thanh c6 kha ning duoc nhin thiy dé dang dudi tia UV
dé nhan biét mudi da dugc tich hop thanh cong gen ngoai lai.

Su bleu hién GFP cta 4u tring vi tiém 1a cao, chiém gan 50%
sd 4u trung song sot sau khi vi tiém. Tuy nhién, dén giai doan truong
thanh thi chi con khoang 10%. Su xAm nhép vao nhiém sdc thé va su
di truyén cua gen GFP cho thé hé sau cling dugc chirng minh mot
cach chi tiét.

Mot | van dé kho khan gip phai trong nghién ctru nay la cac qua
trimg mudi vira moi de tro nén cung rat nhanh 1am cho viéc vi tiém
gen vao 1a rat kho. Chi sau khi kham pha ra 'dung dich p-nitrophenol
p-guanidinobenzoate (pNpGB), mot hop chat lam chdm toc do cung
va khong anh huong dén sy phat trién ctia phoi mudi thi méi co thé
tién hanh dua gen ngoai lai va mot cach tu nhién. Mudi cai dugc cho
dé trimg trong dung dich pNpGB, chit ndy s& ngin can enzyme
phenoloxidase, budc dau tién trong qua trinh melanin hoa.

Vao nam 2002, cac nha nghién ctru thudc truong Pai hoc Case
Western Reserve (CWRU) ¢ Cleveland, Ohio, My da phat trién mot
loai mudi chuyén gen chéng sbt rét & chudt.

Chung ta biét rang c¢6 nhiéu loai mudi nhung duy nhat chi co
gidng Anopheles truyén bénh st rét ¢ dong vat co vi. Mubi 1a vat
chu bat budc dbi voi ky sinh tring sot rét ke tir khi n6 khong thé
truyen truc tlep tor nguot sang nguoi. Khi mudi hut mau mot nguoi
bénh, ky sinh tring Plasmodium x4m nhép vao co thé va sinh san &
rudt gitra ctia mudi va tao thanh mot dang trung gian, dang ndy
xuyén qua véach rudt giita dén khoang bung va bién thanh nang. Sau
khoang thoi gian tir 10-15 ngay, cadc nang vo bung ra, hang ngan bao
tir duoc giai phong. Cac bao tir ndy di qua vach tuyén nudc bot va s&
ton tai & tuyén nay cho dén khi mudi tién hanh chich nguoi tiép theo.

Véi muc dich tim ra gen c6 thé pha hoai qué trinh ndy, nhom
nghién ctru di nudi mudi 4. Stephensi bang cac hat duoc phu cac soi
axit amin khac nhau va sau do kiém tra xem loai hat nao dinh véi
mang rudt ciia mudi. Bang cach chon loc va phéi hop cac nha khoa
hoc da tao ra mét hop chit c6 kha nang dinh rit cao goi la SMI.
Chat nay c6 tac dung lam giam mot cach c¢6 ¥ nghia s lugng ky sinh
trung xuyén qua vach rudt dé bién thanh nang.
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Pé viéc san xuat SM1 dung luc, nguoi ta da tim ra gen ma hoa
cho mot loai enzyme tiéu hoa ma rudt muoi tiét ra trong khi hut mau
va ndi n6 voi mot gen duoc thiét ké dé tong hop SM1. Sau d6 céu
tric nay dugc da duogc vi ti€m vao phoi muoi 4. Stephensi va n6 da
tu tich hop vao genome va tré thanh mot bo phén cia DNA muodi.
Protein SM1 sau khi dugc tong hop s€ bam vao bé mit biéu mé rudt,
canh tranh véi 4u trung muoi. Atu tring mudi khong c6 kha nang
bam vao rudt s& chét. Bang cach nay SM1 di tic ché khoang 80% su
phat trién cua 4u trung. Tinh trang nay da dugc di truyén tir thé hé
nay sang thé hé khac. Mat khac, muoi chuyén gen SM1 khoéng bi anh
huong dén stic séng ké ca tudi tho va su san xuat trimg.

Tuy nhién cic nha khoa hoc canh bao rang sy can thiét phai
tién hanh thir nghiém nhiéu hon nira dé ching minh phuong phap
nay 13 an toan ddi véi ngudi.

Trong viéc tim kiém céc gen khang ky sinh trung sOt rét, ngudi
ta cling da thanh cong khi chuyén gen phospholipase A2 (PLA2) cua
noc doc ong vao mudi A. Stephensi. Gen niy dugc gin voi promoter
carboxypeptidase cua 4. gambiae (AgCP). Két qua phan tich bang
phuong phap Northern blot cho thay mRNA cua gen PLA2 dugc
biéu hién mot cach dic hiéu ¢ rudt cia mudi chuyén gen. Su biéu
hién cao nhat & thoi dlem 4 tiéng sau khi hiit mau. Phan tich Western
blot va huynh quang mién dich da phat hién protein PLA2 ¢ biéu mo
rudt gitra ciia rmudi chuyén gen khoang 8-24 tiéng sau khi hut mau.
Nhung diéu quan trong 1 sy biéu hién cia gen chuyén da lam giam
5O luong cac nang, trung binh 1a 87% va lam giam mot cach dang ké
su truyén ky sinh trung sét rét sang chudt. Két qua nay cho thdy gen
PLA2 c6 thé duoc str dung dé ngin can sy phat trién cia ky sinh
trung sbt rét & mudi.

Mot huéng nghién ciru khac dang duoc tién hanh 13 ngin can
su xdm nhdp cta ky sinh tring vao tuyén nudc bot cia mudi. Sy
ngin can ky sinh tring xam nhap vao cac thoi diém khac nhau trong
qué trinh phat trién ctia no6 1a rat quan trong boi vi khong c6 phuong
phéap nao 1a dat hiéu qua 100% ca.

Céc nha nghién ctru khac trudc day da st dung mdt loai virus
da dugc sira doi tiém vao mudi dé 1am ngung sy lan truyén ky sinh
trung. Nhung phuwong phap nay c6 mot s6 han ché 1a trong thuc té
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virus ciing c6 thé nhiém vao nguoi va virus khong thé di truyén duoc
tir thé hé nay sang thé hé sau & mudi. Mot khi mudi chét thi s& chim
durt kha ning cua virus chong lai sét rét.

Mot thach thirc ma cac nha nghién ctru dang phai d6i mat do 1a
su phat trién cua cac ky sinh tring c6 kha ning khang. B&i vi ap luc
cta qua trinh chon loc cao, khi mot gen duoc dua vao quan thé ky
sinh trung sOt rét thi sy phat trién cua cac dong khang co kha nang
dé xuat hién. N6 twong tu nhu khi xir Iy sy nhiém khuan véi khang
sinh, sau mdt thoi gian vi khuan s& tro nén khéng thubc. Mot van dé
duoc dit ra 1a sy sir dung gen phuc (multiple genes), trong d6 moi
mot gen ngin can sy phat trién ciia ky sinh tring mot cach khéc
nhau la mdt phuong phép hiéu qua hon.

Sau khi tao ra mudi chuyén gen, chién luoc tiép theo dé khic
phuc sét rét 1a dua dong mudi chuyén gen khang ky sinh tring sot
rét vao trong tu nhién. Phuong phap nay phai dugc nghién ctru trong
phong thi nghiém mét cach can than dé kiém tra xem mu01 chuyen
gen sdng nhu thé nao khi duge tron chung véi cac quan thé mudi
khong chuyén gen.

Két qua nghién ctru quan thé mudi chuyén gen dau tién trong
phong thi nghiém da dugc cac nha khoa hoc thudc Hoc vién Hoang
gia London cong bd bd vio nim 2003.

Cac nha nghién ctu da chuyén gen marker huynh quang do
hodc xanh vao 4 dong mudi A. stephensi. O cac quan thé déi ching
bao gdom toan mudi chuyén gen, marker huynh quang dé duy tri mot
cach nguyén ven qua hon 30 thé hé. Nhung khi mudi chuyen gen
dugc nhan glong v6i mudi binh thuong thi sb lugng mudi mang
marker trong quan thé gidm manh va trong mot s6 thi nghiém gen
marker bién mat hoan toan trong khoang tur thé hé thir 4 dén thé hé
thir 16. Gido su Charles Godfray-Giam déc Trung tdm Hoi dong
nghién ctru moi truong tu nhién vé Sinh hoc Quan thé (NERC) cua
Hoang gia dé thyc hién m6 hinh toan hoc vé dong lyc hoc ciia quan
thé mudi. ‘Nghién ctru nay cho phep khao sat ti mi cac qua trinh khac
ma co thé gidi thich dugc sy hoat dong cua mudi chuyén gen trong
quan thé hon hop. Tac gia cho rang, thong qua sy nhan giong cua
mudi chuyén gen, gen chuyén c6 kha ning bi mot hodc nhiéu dot
bién c6 hai. Cac dot bién co6 hai nay khong giét chét mudi nhung lam
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nh tranh v&i mudi binh thudng. Van
1g cach st dung cac ché do lai lam
h huong cua gidng. Nhu vay hoat
ng anh huong 16n dén kha ning ton

& nay quyét dinh hoan toan cac qua
ria su an toan va hau qua moi truong
>on gillp danh gid mot cach toan bo
di chuyén gen dé chéng lai cac bénh
cudt huyét va dong vai tro 1a mot bo
1 luge phat trién trong twong lai dé
lyrasy kho sé cho nhén loai.

Hinh 4.11: Vi tiém DNA vao phoi
giai doan sém ctia muoi gay sot
vang da

Hinh 4.12: Au trang mudi nhin
dwéi kinh hién vi

2.10. Ca chuyén gen

Hién nay nghién ciru tao ca chuyén gen ngdy cang duoc nhiéu
phong thi nghiém trén thé giéi quan tim. Khoang 10 ndm tro lai day
hang loat c4 chuyén gen dé duoc tao ra: ca hoi cau vong, ca hoi, ca
10 phi, ¢4 vang, ca mu van, cd medaka, c4 chép, ca nheo My, ca tré
chau Phi, ca vén bién (seabream), ca hdi chdm hong Bic cuc (Arctic
charr). Nhitng gen ngoai lai duoc sir dung dé bién nap vao c4 1a gen
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hormone sinh truong (GH) nguoi, gen GH bo, gen GH c4, gen 6-
crystalline ga, gen B-galactosidase vi khudn, gen khang hygromycin,
gen oa-globin, gen protein chéng lanh & c4, gen neomycin
phosphotransferase (neo)... Vi du Mc. Envoy va cong sy da chuyén
gen B-galactosidae vao c4 hdi Pai tdy duong (Atlantic salmon),
Ozato va cong su (1986) da chuyén gen d-crystalline ga vao ca
medaka, Zhang va cong sy (1989) da chuyén gen GH c4 hdi cau
vong vao ca chep va ca tré. Trong ca ba truong hop nay gen ngoai
lai d4 dugc biéu hién trong mot sd ¢4 bién nap.

Trong mot sb truong hop, cac san pham sinh ra tir gen ngoai lai
¢ dong vat chuyen gen c6 thé lam blen d6i kiéu hinh cta chung. O ca
chép chuyén gen GH c4 hdi cau vong, polypeptid GH c4 hoi cau
vong di duoc tim thy trong ca chép va do d6 chung 16n lén rat
nhanh so v6i ca ddi chimg. Nhimng két qua nay cho thdy tiém ning to
16n cua viée su dung ky thuat chuyen gen dé dua cac gen quy dinh
cac tinh trang mong muon vao mot so loai ca quan trong.

C6 nhiéu phuong phap khac nhau dé chuyén gen cho dong vat
n6i chung va ca néi riéng. Phuong phap c6 hiéu qua nhat 13 vi tiém
tryc tiép DNA vao phoi. Gan day nguoi ta cling di thir nghiém thanh
cong chuyén gen truc tiép vao tinh tring trude khi cho thy tinh.
Muller F. va cong sy (1992) lan dau tién cong bd di thanh cong
trong viéc sir dung cac té bao tinh trung di xung dién dé tao ca
chuyén gen. Phuong phap nay duogc tién hanh bang cach u té bao
tinh tring c4 trong dung dich citrate loang véi DNA plasmid. Tiép
theo st dung xung dién cé cuong do va dién truong cao dé tang
luong DNA xam nhép vao tinh trung. Tach chiét dich mé va DNA
genome cua c bot phat trién tir tring thu tinh véi tinh tring d3 xtr 1y
dé kiém tra hiéu qua cta gen chuyén. Bang phuong phap lai phan tir
Dot blot va thur nghiém su biéu hién cua gen da chirng minh sy co
mit va biéu hién cua gen ngoai lai trong 2,6 - 4,2% s6 ca bot cla ca
chép thuong (Cyprinus carpio L.), cd tré Chau Phi (Clarias
gariepinus) va ca r6 phi (Oreochromis niloticus). Khong c6 gen
chuyén nao dugc tim thay trong ca bot thu duoc tir cac thi nghiém
tuong tu nhung khong xung dién tinh trung.

Inoue (1992) di chuyén gen vao phdi va ca bot thanh cong
bang phuong phap xung dién. Zuoyan Zhu (1993) ciing di thanh
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cong trong viéc chuyén gen ngoai lai vao ca bang phuong phap bién
nap bang xung dién: to hop gen MThGH dugc chuyén vao trimg ca
thu tinh da duoc loai bé mang chorion. Thong s6 bién nap tdi uu 1a
250V /22 pF /20Q / 1ms. Két qua dat dugc 1a khoang 10% sb trimg
nd va phat trién c4 thanh ca chach chuyén gen. Muller va cong su
(1993) da dung gen luciferase dom dém va lacZ cua E. coli, ca hai
gen nay déu dugc gin voi promoter CMV-IE1, dé chuyén vao trimg
thu tinh da loai bé mang chorion cua ca tré Chau Phi va ¢4 mu van
bang phuong phap xung dién. Két qua dat duoc khoang 25 - 50%
phoi da phat trién thanh c4 chuyén gen.

Anderson va cong su (1996) da thanh cong trong viée chuyén
gen tryc tiép vao co van cia ca hdi cau vong (Oncorhynchus
mykiss). Gen ngoai lai dugc sir dung la gen luciferase dom dom gan
vl promoter CMV-IEP (cytomegalovirus immediate early
promoter). St biéu hién cta gen dugc phat hién trong cac té bao co
doc theo dudng tiém va cac té bao co phéan tan trudc vi tri tiém. Tan
va cong su (1997) da chuyén gen chloramphenicol acetyltransferase
(CAT) truc tiép vao co van ¢4 mu van (zeabrafish) st dung plasmid
pCMV-CATI. Su hoat dong biéu hién cua gen CAT dat cuc dai
tuong quan voi lugng plasmid tiém vao la 5 pg pCMV-CATI. Sy
hoat dong cta gen CAT ting 1én mot cach déu din qua 7 ngdy dau
sau khi tiém, v&i muc biéu hién cao lién tuc dén 1 niam. Gen CAT
gin v&i promoter virus ciing cho két qua biéu hién cao. Sy dinh vi
hoa hoc mé st dung CMV B-gal cho thiy rang chi cac soi co & vi tri
tiém biéu hién enzyme B-gal. Su biéu hién manh mé va lién tuc cua
gen tiém vao cho phép dua ra gia thuyét co thé c4 mua van l1a mot hé
théng don gian va dé bi anh huong ddi v6i nhitng nghién ctru truc
tiép chuyén gen vao co. Zohrah Haji Sulaiman (1999) da thanh cong
trong viéc chuyén gen truc tiép vao co van cia ca ma (Seabass,
Lates calcarifer) va tom su (Black Tiger Prawn, Penaeus monodon).
Sy biéu hién cua gen sau khi tiém plasmid pCMV B-gal dugc theo
ddi dén 14 ngay su biéu hién cia gen B-gal dugc phat hién dau tién ¢
ca sau khi tiém 1 ngay va ¢ tom 1a 2 ngay. Sy biéu hién lién tyc dén
7 ngay sau khi tiém & c4 va 14 ngay sau khi tiém & tom. Ti 1é mau
duong tinh ddi v6i su biéu hién cua gen B-gal & ca 13 33,3% va ¢
tom 1a 20%.
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Cho dén nay, & ca ngudi ta di va dang tip trung nghién ciru
theo nhiing hudng co ban sau:

2.10.1. Chuyén gen hormone sinh truéng (GH = growth hormone)
vao ca

Hormone sinh truong 1a mot protein co trong lugng phan tur
thay doi tuy theo loai, 0 nguoi 1a 21.500 Da. GH dugc tiét ra tir thiy
truoc tuyen yén cua dong vat co Xuong song 0 dong vat co va GH
can thiét cho sy sinh trudng va phat trién. GH c¢6 191 axit amin, cau
tric phan ttr ¢6 2 cau ndi disunfua

Su bai tiét GH do hormone cua hypothalamus 1a hormone giai
phéng hormone sinh truéng (GRH = growth hormone releasing
hormone), hormone @c ché hormone sinh truéng (GIH = growth
hormone inhibiting hormone) theo co ché diéu hoa nguoc.

C4 da duogc xur ly thi nghi€ém voéi hormone sinh trudng hodc
tuyén yén chiét tir cac nguén khéac nhau nhu bo, lon, ca. Tét ca cac
thi nghiém déu lam tang toc do sinh trudng cua ca. Sy sinh tong hop
hormone sinh trudng tai t6 hop ciia ga, bo va ca hdi cau vong cling
da cho thay chire nang sinh hoc cua gen hormone sinh truong bang
sy tang cuong tdc do sinh trudng cua ca. That 1a ¢ 1y khi mong doi
ca chuyén gen hormone sinh trudong ngudi sé& ¢ chirc ning gidng
nhu hormone sinh trudng cta cac loai khac.

Qui trinh cong ngh¢ tao ca chuyén gen hormone sinh truéng
ngudi co thé tom tat bang so d6 hinh 4.13.

Su ting cuong toc do sinh truong di duoc quan sat & ca chép
chuyén gen MThGH.

Co ché cua su ting cudng sinh trudng trong ca chuyén gen da
dugc kham pha dya vao chirc nang ctia hormone sinh truéng nguoi
trén co sO sy tang trudng bd xuong va sy kich thich téng hop
protein. Mot s ca chép chuyen gen nay vi vay da tang cuong do day
co lung va ting truong bé ngang co thé va chung da c6 hinh thai
khac thuong mot cach dot ngdt. Bé ngang co thé cho t6i chiéu dai co
thé 1a mot trong nhitng tinh trang phan loai phd bién. Con sb nay &
ca chép 1a 35% - 47%, nhung & mot vai ca chép chuyén gen lai ting
1én dén 51% - 53,3%.
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Mic du Trung Qudc khong phai 1a nudc di dau cia cude cach
mang Sinh hoc phan tir nhung vao nam 1985, gido su Zuoyan Zhu
d3 1am ngac nhién cic nha nghién ctru My va Chau Au khi cong bd
rang nhém nghién ctru ctia 6ng da chuyén duoc gen hormone sinh
truong nguoi vao ca. Theo Zhu thi thé hé F, cua ca dd dugc chuyén
gen nay 1on gip hai 1an so voi ca d6i ching. Mic du Zhu va cong su
khong trinh bay bang chimg ddi voi viéc hop nhit va biéu hién cua
gen GH ngoai lai d6 nhung ngudi ta da thay rang gen GH cé c6 thé
chuyén vao trimg cia mot sd loai ca va duoc hop nhat véi DNA
genome cua cac loai ca nay.
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Hinh 4.14: Ca chép (Common carp) chuyén gen hormone sinh truéng

_ Cé chuyén gen F1

Hinh 4.15: Ca tré Chau Phi (Channel catfish) chuyén gen hormone
sinh trudng



163

Hinh 4.16: C4 hoi chuyén gen hormone sinh truwémg (phai)
va ca hoi dbi chirng (trai)

Nhitng nghién ctru tiép theo d sir dung mot sé gen GH dong
vat c6 vii, gen GH c4 va cac cDNA cia GH. Chang han Zhang va
cong su (1988, 1990) di sir dung plasmid tai to hop chira doan lap
lai du tan cing (LTR = Long Terminal Repeat) cua virus Rous
sarcoma (RSV) ¢ chim va cDNA cta GH c4 hoi dé vi tiém vao phoi
ca chép dang phat trién. Tach chiét DNA genome tir vdy nguc ca vi
tiém va dem phan tich dot blot va Southern blot, st dung LTR cua
RSV va ¢cDNA ciia GH ca hdi lam mau do, nguoi ta di tim thay
doan hop nhat p RSV - LTR - GH - cDNA ctia c4 hdi 6n dinh va da
biéu hién ra polypetid GH c4 hoi. Ca chuyén gen c6 kich thudc trung
binh 16n hon 22% so véi ca dbi ching. Mit khac, mot sb ca thé duoc
chon mdt cach ngau nhién tir thé hé con lai cua céc ca duc chuyén
gen vGi mot ca cai khong chuyén gen da di truyén gen ngoai lai nay.
Chung khong nhiing 16n nhanh hon ca khong chuyén gen trong cung
mot Iira ma con 16n nhanh hon rat nhiéu lan so véi bd me. Gan day,
Du va cong su (1992) dd cong bd két qua chuyén gen GH ca vio ca
hoéi Pai tdy duong. Du di sir dung promoter cua gen protein chdng
lanh ctia ca lon chach 16n (ocean pout, Macrozoarces americanus)
nbi c6i cDNA cua GH ca hdi tring (chinook salmon, Oncorhynchus
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tschawytscha) va két qua 1a kich thudc ca hoi Pai tdy duong chuyén
gen mot ndm tudi ting 18n tir 2 - 6 1an so véi ca ddi chung.

O Phan Lan, tai Truong Pai hoc Kuopio, cac nha khoa hoc
dang nghién ctru san xuit c4 hdi cau vong chuyén gen c6 tde do sinh
truéng cao, c6 kha ning chuyén hoa tot cac thanh phan thic in, dic
biét 14 cac carbohydrate ré tién. Molsa, Krasnov va Pitkanen (1992)
da sir dung gen hormone sinh trudng ca hoi Pai tdy duong (ASGHG
= Atlantic Salmon Growth Hormone Gene) dé chuyén vao ca hoi
cau vong va bang k¥ thuat PCR da chimg minh dugc sy hop nhat
cua gen nay vao genome ca héi cau vong. Tuy nhién, gen ASGHG
da duoc chuyén vao cac loai khac mot cach rong rai trén thé gioi
nhung khong that sy lam ting dot ngot toc do sinh truéng cua cac
loai nhén. Cac nha nghién ctru Kuopio tin tuong rang cac gen nay
anh huong dén hién tuong chuyén hoa, chung c6 thé cai tién hién
tuong chuyen hoa carbohydrate nén c6 thé sir dung carbohydrate ré
tién hon dé lam thuc an cho ca hodc co thé ting cuong kha ning
khang bénh. Cac gen nay s& c6 y nghia nhiéu hon ddi voi cac gen
ting cudng sinh truéng trong ky nghé nudi trong thuy san. Hién tai,
cac nha nghién ctru thiy rang k§ nghé nudi trdng thily san cta Phan
Lan s& phai doi 5 - 10 nam trude khi c6 thé danh gia duoc ca chuyen
gen thuong mai. Pé chimg minh sy hop nhat cta gen chuyén vao
nhiém sac thé cua dong vat nhan va sy hoat dong cta gen ndy céc
nha nghién ctu Kuopio st dung cé zebra danios. Ca zebra danios
nhd, la loai c4 nudi nhi¢t ddi, thanh thuc trong 3 - 4 thang va co thé
nhan giéng nhanh trong bé nudi. Tring ca dugc chon va vi tiém gen
dé dang. Co thé thu dugc c4 con vi tiém va kiém tra hoat dong gen
mot cach nhanh chong. Véi két qua thu dugc, nguoi ta da thura nhén
loi ich cua gen chuyen v6i mot thoi gian rat ngan khi so sanh voi
thoi gian can thiét dé thira nhan no trong sy phat trién cham chap cta
c4 hoi sdng trong moi trudng nudc lanh

Pitkanen va cong su (1999) dd chuyén gen hormone sinh
truong ca hoi vao ca hdi chdm hong Bic cuc (Salvilinus alpinus L.).
Cac to hop gen hormone sinh trudng duoc st dung 13 OnGHI,
CMVGHI1, OnH3GHI1 va SsGH2. C4a mang gen OnGH1, CMVGHI,
OnH3GH1 c¢6 téc do sinh truong tang 1én dot ngdt va khong co su
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thay doi gi vé téc do sinh trudng ¢ ca mang gen SSGH2. Su c6 mat
ctia gen chuyén & mot s6 mé ca hoi di duogc xac dinh.

2.10.2. Chuyén gen chdng lanh vao cé

Trong ty nhién, ca sdng trong nudc lanh & hai cuc qua dat, &
bién nhiét doi 4m ap va ¢ nhitng ving nudc 6n hoa. O nhitng noi nay
cac diéu kién nhiét do thay ddi theo ngdy ciing nhu thay doi theo
mua. Trai qua tién trinh tién héa 1au dai, ca da co cac co ché sinh Iy
thich nghi véi nhiing diéu kién nhiét do thay doi nay. Ciing nhu
nhiéu sinh vat khéc, ca sir dung cac gen sdc nhiét dé phan tng véi
nhiét do tdng cao, nhung trong diéu kién lanh qua, mot vai loai ca da
tién hoa theo hudng gen chong lanh ma héa protein giit cho méu cua
chung khoi dong. De Vries da phat hién ra protein chéng lanh (AFPs
= antifreeze proteins). Theo De Vries (1969, 1971), ca & ving Béc
cuc va Nam cyc thi gen AFP biéu hién sudt ca nim, trong khi cac
lodi c4 song & ving nudc 6n hoa (nhu ca bon mua dong) AFPs chi
biéu hién trong mua doéng. Cac protein niy cho phép ca song duoc &
diéu kién nhiét do lanh.

De Vries va cong sy (1971), Lin va cong sy (1972) da phat
hién protein chéng lanh ctia ¢4 Nam cuc bao gdm nhiing don vi lap
lai Ala-Ala-Thr v6i mot disaccharide, galactosyl-n-acetylgalactose
amine, nhom gdc duong nay lién két véi threonine. AFPs ¢4 bon
mua dong la mgt protein xodn giau alanin, khong c6 disaccharide.
Céc ciu trac bac 1, bac 2, bac 3 cua chung da dugc xac dinh. Co ché
t6i wu cta cac protein nay 1a ching lién két véi nhitng vi tinh thé
nuée da va do d6 lam ha thap diém dong cua mau. Cac gen protein
chéng lanh ctia mét sb loai c4 da dugc 1am sang to.

Hew va cong su (1988) da vi tiém gen AFP ca bon mua dong
vao ¢4 hoi khong c6 AFP. Mic du ho d3 chimg minh duoc su hop
nhit cua gen AFP vio genome ciia ca hoi nhung khong c6 bang
chtng dbi v6i su biéu hién cua gen AFP. Tuy nhién, sau d6 ho di co
cac chung cd so bd vé su biéu hién cua gen AFP ca bon mua dong
(Pseudopleuronectes americanus) & ca hdi chuyén gen mic du muc
do biéu hién cua gen AFP con qua thép dé bao vé co thé chéng lai su
lanh gia. Nhitng két qua nghién ctru budc dau nay rat kha quan va
cho ta gia thiét mot cach chac chan rang, khi cac mirc AFP thich hop
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duoc biéu hién ching s& mo rong kha nang séng cua ca hdi vao mua
dong trong cac bé nuoi ca nudc man. Day la mot thuan loi 16n cho
viéc nudi trong ngudn thay san quan trong nay. Voi muc dich do,
viéc nghién ctru dang dugc tién hanh tham do ddi voi cac promoter
riéng.

Wang va cong su (1995) da tiém gen AFP ca lon chach 16n
(Macrozoarces americanus) vao trung ca vang (Carassius auratus)
thanh cong va da chirng minh dugc su biéu hién cia gen AFP ¢ ca
vang. Ca vang chuyén gen c6 kha ning chiu lanh tot hon ca dbi
chig khi dua chiing vao méi trudng cé nhiét d6 thap.

2.10.3. Chuyén gen khang bénh vao c4

Mot huéng tmg dung khac cua ca chuyén gen la kha ning
khang bénh. Cho dén nay, hai phuwong phap khac nhau di dugc thir
nghiém. Mot phuong phap véi myc dich la tang stc dé khang (101
v6i cac bénh do vi khuan va mot phwong phap nham vio cic mam
bénh virus dac trung.

Mot Gmg dung cua phuong phap dau tién lién quan dén viéc
tang cuong enzyme khang khuan lysozyme & ca bang cach dua trinh
tr md hoa lysozyme c4 hoi cau vong gan véi promoter AFP cua cac
lon chach My (Macrozoarces americanus) vao ca hoi Dai tay duong
(Hew, 1995). bay la mot cau trac ma tat ca déu bat ngudn tir ca voi
trinh ty ma hoa protein c¢6 ngudn gdc tir mot loai kha than thudc.
Mot hiéu qua tuong tu co thé duoc tao ra b?mg cach lai khac loai va
chon loc (c4 hoi Pai tdy duong lai vOi ca héi nau (Salmo trutta), ca
héi nau c6 thé dugc lai voi ca hoi cau vong) va cac ki thuat chuyén
gen s€ lam tang téc do ctia qua trinh  nay mot cach don gian va tao ra
mot glong c4 c6 kiéu gen x4c dinh tot hon rat nhiéu.

Céu triic gen chuyen lysozyme da dugc dua vao ca h01 Dai
tdy duong nhung cho dén nay chua c6 két qud nao vé ning suat cua
c4 va hiéu qua cia gen chuyén dugc cong bo.

Mot timg dung thir hai cua viée sir dung ky thuét chuyen gen dé
tang kha nang khang bénh la bao vé ca hoéi cau vong chong lai su
nhiém virus hematopoietic necrosis (IHNV). IHNV 1a mdt ngudn
bénh cua ca hoi gay ra ty 1€ chét cao, dic biét 1a ddi véi ca bot va ca
hoi nho. Cac loai vaccine chét-bat hoat (killed vaccine), vaccin giam
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doc lyc (attenuated vaccine) va vaccine tiéu don vi (subunit vaccine)
déu da duogc phat trién nhung ca ba loai déu c6 nhitng han ché nhat
dinh. Sy tiém chung vaccine DNA st dung cac trinh ty ma hoa
protein G va N cua IHNV da duoc Anderson thyc hién ¢ ca h01 cau
vong vao nam 1996. Cac plasmid tai t hop duoc tiém truc tiép vao
co ciia ca bot. Mot minh trinh tu protein N khong du giy ra mién
dich nhung trinh ty ma hoa protein G hodc mot minh hoac két hop
v6i trinh ty N gy ra mién dich do hiéu qua 1am virus chét.

2.10.3. Nhitng hudng nghién ctru ca chuyén gen khéc

Ngoai viéc chuyen gen GH, gen chéng lanh va gen khang bénh
d3 néi & trén, mot s cac gen khéc cling da duoc chuyén vao ca chép,
ca tré, ca héi, c4 vang, ca medaka, ca cho Bac cuc (Northern pike) va
mot s6 loai ca khac. Cac gen nay c6 ngudn gde tir tap hop cac ngudn
sinh vat khip noi (gen khang hygromycin, gen neomycin
phosphotransferase (neo), gen chloramphenicol transacetylase, gen
crystalline ga, gen a-globin, gen luciferase, gen B-galactosidase, gen
chong lanh...). Khi chuyén vao c4, cic gen vi tiém duoc gin voi
nhiéu promoter khac nhau (mouse methallothionein (mMT), Rous
sarcoma virus (RSV), fish antifreeze protein promoter (AFP)...).

Vao nam 1986, Ozato va cong sy da ching minh rf:ing ca
medaka (Oryzas latipes) dugc vi tiém t6 hop mMT chudt voi gen
crystalline (Cry) ga thi gen ngoai lai nay di hop nhit véi DNA
genome cuia ca medaka va di biéu hién gen méi nay. Oshiro va cong
su (1989) da cong bo gen a-globin ca chép da gan duge vao DNA
genome ca héi cu vong. Mc Evoy va cong su (1988) da chi ra rang
cd hoi Dai tay duong chuyén gen c6 thé biéu hién gen B-
galactosidase khi ket hop v6i mMT. Yoon va cong su (1990) da dua
ra bang chimg vé su chuyén gen, su hop nhat va sy phién ma cua
gen neo trong ¢4 vang nhung bang chimg vé su biéu hién gen khong
duoc lam sang td. Stuart va cong su (1988) su dung ca mu van
(zebrafish) 1am mo hinh chuyén gen khang hygromycin, dd chung
minh dugc sy hop nhét vao hé gen va su di truyén lai cho thé hé sau
cua gen ndy. Chen va Power (1990) da chiing minh dugc su hop
nhat, su biéu hién va su di truyén lai cho thé hé sau cua to hop gen
chloramphenicol transacetylase.
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Lu va cong su (1997) da su dung vector retrovirus da hudng
(pantropic retrovirus vector) dé chuyén gen vao c4 medaka Nhat ban
(Orizias latipes). Cac vector ndy chira LTR cua virus bach cau chudt
Moloney (Moloney murine leukemia virus = Mo-MLV) va mét gen
chuyén (neo hoac lacZ) duoc diéu hoa bsi doan LTR cua RSV. Két
qua nghién ctru da ching minh dugc su xam nhap, su biéu hién va
sy di truyén lai cho thé hé con lai F; cta t6 hop gen nay.

Trong mot ) nghién clru ca chuyén gen, hiéu qua dat duoc
thap, trung binh chi tir 5-10%. Mot s6 nha nghién ctru khac cho rang
khi nghién ctru chuyén gen nguoi vao ca chép, sy hop nhit gen
ngoai lai vé1 genome vat chu dat dugc tir 40 - 88%.

Ngoai viéc gop phan tang nang suit 1én nhleu lan cho nganh
nudi trong thuy san, ca chuyén gen con cung cap cac md hinh thi
nghiém tuy¢t voi cho cac nghién ctru khoa hoc co ban ciing nhu céc
nghién ctru ing dung Coéng nghé Sinh hoc.

O Viét Nam, tai Phong Cong nghé gen Pong vat, Vién Cong
nghé Sinh hoc, Trung tdim Khoa hoc Ty nhién va Cong nghé Qudc
gia, Viét Nam, Nguyén Vin Cuong va cong su da va dang nghién
ctru chuyén t6 hop gen hormone sinh truéng ngudi (MThGH) vao
chudt, ca vang (Carassius autarus), cé& chach (Misgurnus
anguillicaudatus) va ca chép (Cyprinus carpio). Véi mot sd két qua
bude dau da dat duge, viée nghién ctru tao ca chuyén gen dang dugc
tiép tuc tién hanh.

IV. Ung dung ciia déng vat chuyén gen

Véi nhimg wvu diém noi bat, cong nghé¢ tao dong vat chuyén
gen dd, dang va s€ tao ra cac tlem ning phat trién vo cung to 16n
trong nhiéu linh vyc cta doi séng xa hoi. Trude cac Ung dung da
ning cua sinh vat chuyén gen chung va dong vat chuyén gen ndi
riéng, nhiéu qudc gia trén thé giGi da cha trong dau tu nghién ctru va
phat trién sinh vét chuyén gen.

1. Trong nghién cuu co ban
Chuyén gen 1a mot cong cu 1y tudng cho viée nghién ctru cac
nganh sinh hoc. Trong sinh hoc phan tir, dong vat chuyén gen duoc
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st dung dé phan tich su diéu hoa biéu hién cua gen dé danh gia mot
bién ddi di truyén dic biét & mic do toan bd co thé dong vat. Pong
vat chuyén gen con dugc sit dung dé nghién ctru trong di truyén hoc
phat trién & dong vat c6 vu.

2. Trong néng nghiép va cong nghiép thire pham

Cong nghé chuyén gen dong vat ra doi di cho phép khic phuc
nhiing tré' ngai ctia phuong phap cai tao gidng co truyén dé tao ra
cac dong vat biéu hién cac tinh trang mong mudn trong mét thoi
gian ngin hon va chinh xac hon. Mt khéc, né cho cac nha chin nudi
mot phuong phap dé dang dé ting san luong, ting ning suit. Céc
nha khoa hoc d3 tao ra cc vat nudi chuyén gen c6 toc d6 16n nhanh,
hiéu suét st dung thtrc an cao, cho nang suét cao (nhiéu thit, nhiéu
sita, nhiéu trimg...) va chat lwong san pham tdt (nhiéu nac, it m3, sira
chura it lactose hodc cholesterol...). Mit khéc, cong nghé chuyén gen
da cd gang tao ra cac dong vat co kha ning khang bénh nhu lon c6
kha nang khang bénh cam...Tuy nhién, hién nay so lugng gen khang
bénh ¢ vat nudi da duoc biét 1a han ché.

3. Trong y hoc

Hang nim c6 nhiéu bénh nhan chét vi thiéu cac co quan thay
thé nhu tim, gan hodc than... Lon chuyén gen ¢ thé cung cap cac co
quan cdy ghép can thiét lam giam bét sy thiéu hut. Hién nay, su cdy
ghép co quan bi can tré boi protein lon c¢6 thé gy ra su loai thai
nhung cic nghién ciru nay dang duoc phat trién theo hudng loai bo
protein lgn va thay thé bang protein ngudi.

Pong vat chuyén gen san xuit protein tai to hop qua tuyén sita
cd mot vai tro dic biét ddi véi y hoc. Vao ndm 1997, con bo chuyén
gen dau tién, Rosie, d3 san xuét protein ngudi chat lugng cao & trong
sita v6i ham lugng 2,4g/lit. Sita chuyén gen nay 1a mot san pham can
bang dinh dudng hon sita bo ti nhién va ¢ thé st dung cho em bé
hodc ngdi 16n véi nhu cau dinh dudng hodc tiéu hoa dic biét. Sita bo
nay chira alpha-lactabumin nguoi....

Trong ky ngh¢ duoc pham dong vat chuyén gen dugc sir dung
dé san xuat protein dugc pham, thudc chira bénh.
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Li¢u phap gen nguoi bao gdm ca viéc thém mot ban sao gen
binh thuong (gen chuyén) vao genome ctia mot ngudi mang cac ban
520 gen co thiéu sot. Kha ning chira bénh dbi voi khoang 5.000 bénh
di truyén ma con nguoi dang mac phai 13 khong 16 va dong vat
chuyén gen co6 thé déng mot vai trd quan trong. Hoc vién
A.LVirtanen ¢ Phan Lan d3 tao ra mot con bé mang gen mi hoa cho
protein c6 kha ning ddy manh sy sinh truong cac té bao do ¢
nguoi....

Pong vat chuyén gen con dugc st dung 1am mo hinh thi
nghiém nghién ctru cac bénh & ngudi dé nhanh chong tim ra cac giai
phap chan doan va diéu tri cdc bénh hiém nghéo nhu ung thu, AIDS,
than kinh, tim mach...

4. Trong cong nghiép

Pong vat chuyén gen con duoc st dung trong céng nghiép san
xuét cac vat liu dac biét va lam doi tuong dé thir nghiém an toan
hod hoc.

Vao nam 2001, hai nha khoa hoc ¢ Vién Cong ngh¢ sinh hoc
Nexia ¢ Canada da chuyen gen cta nhén vao trong té bao cua clru
dang ¢ thoi ky tiét sita. Cac con ciru ndy da tao ra to & trong sira va
tiét ra cac soi to rat nho tir co thé cta chung. Bang cach tach chiét
cac sgi polymer tir sita, va bén ching lai thanh s¢i cac nha khoa hoc
c6 thé tao ra mot vat liéu nhe, bén, déo ma co thé duge st dung dé
san xuat cac bo quan phuc dac biét, chi khau y hoc siéu nhoé, day vot
tennis.

Dong vat chuyén gen nhay cam véi chit doc co thé duge tao ra
cho viéc thir nghi€ém an toan hoé hoc.

V. Mot vai vin dé nhén thirc xung quanh dong vit chuyén gen
Mic du dong vat chuyén gen dong vai trd quan trong nhung
van ¢ mot s6 lo ling va cac quan niém khac nhau vé gia tri cua
chung.
Trong nghién ctru, viéc chuyén mot gen vao dong vt co thé
1a rat phire tap va kha ning gay ra céac tic dung phu la khé c6 thé tién
doan. Tac dong gay thiét hai c6 thé tang 1én tir nhiing k¥ thuat phau
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thuat str dung dé thu nhan va cay lai phoi, cac tac dong khong dac
hi¢u gay nén boi sy t6n thuong cta gen nam sat voi khu vuc DNA
d3 bién d6i. N6 cling lam giam kha ning thy tinh va thai qua ¢& co
thé 1a két qua cua k¥ thuat nay. Trong phan 10n cac trudng hop, dot
bién tac dong 16n dén cac qua trinh chuyén hoa dac biét hoac cac thu
quan té bao ma khong thyc su gay nén bénh, sy kho chiu, dau don
hodc khuyét tat di dang & dong vit.

Cac kiém soat cua luat phap ddi véi cac gia tri ciia dong vat
chuyén gen 14 rat chit ché. Trudc khi duoc sir dung 1am thuc pham
va luu hanh trén thi truong chung phai vuot qua dugce cac thu
nghiém rat ngit nghéo vé mat an toan thyc pham ma d6i véi cac
thuc phdm binh thuong thi khong can Cong viéc nay can phai dugc
thyc hién boi nhiéu co quan, nhiéu t chirc ctua qudc gia, qubc té dé
dam bao vé mit stc khoe cho nguot tiéu dung.

Kha nang rui ro cua chuyén gen d6i voi moi truong va hé sinh
thai 13 ton tai khi nu6i trong dong vat chuyen gen. Mot s6 nude di dé
cip dén nhimg rui ro cua nghién ciru chuyen gen voi dong vat va tac
dong dén méi truong khi dong vat chuyén gen bi say ra ngoai mot
cach tinh co hodc c6 ké hoach. Khi d6 dong vat chuyén gen s¢€ co co
hoi lai v6i cac quan thé hoang dé lam phat tan gen chuyen sang cac
co thé dong vat khac vi thé sé dan dén su thay d6i & quan thé ban
dia. Gia tri ndi tai ciia dong vat co thé bi gidm va tinh trang toan ven
cua ching bi vi pham do su bién doi di truyén. Mat khac, su phat
trién lan tran cua chiing 1am mat tinh cAn bang ciia hé sinh thai, lam
giam tinh da dang sinh hoc cua quan thé. Do vay hién nay dong vat
chuyén gen duoc nudi & nhitng khu vuc duoc giam sat hét stc chat
ché dé giam thiéu t6i da kha ning 1ay lan vao méi trudng.
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Chuong 5

Céng nghé chuyén gen & Thwc vat

I. Khai niém chung

Truoc day, dé tao mot glong m01 cac nha tao glong thuong sur
dung phuong phép truyén théng dé t6 hop lai cac gen gila hai ca thé
thuc vat tao ra con lai mang nhitng tinh trang mong muon. Phuong
phap nay duogc thuc hién bang cach chuyén hat phan tir ciy ndy sang
nhuy hoa cta cay khac. Tuy nhién, phép lai chéo nay bi han ché boi
n6 chi c6 thé thuc hién duogc giita cac ca thé cung loai (lai gan), lai
gilia nhiing cac thé khac loai (lai xa) thuong bi bat thy do d6 khong
thé tao ra con lai dugc. Tuy nhién, lai gan cting phai mat nhiéu thoi
gian moi thu duoc nhimg két qua mong muén va thong thuong
nhiing tinh trang quan tam lai khong ton tai trong nhiing loai cé ho
hang gan nhau.

Ngay nay, cong nghé chuyén gen cho phép nha tao gidng cing
lac dua vao mot loai cdy trong nhitng gen mong mudn c6 ngudn goc
tir nhitng co thé sdng khac nhau, khong chi gitta cac loai c¢6 ho gin
nhau ma con ¢ nhting loai rat xa nhau. Phuong phap httu hiéu nay
cho phép cac nha tao gidng thuc vat thu dugc giong moi nhanh hon
va vuot qua nhiing gi6i han cua k¥ thuat tao giong truyén thong.

Cay chuyén gen (transgenic plant) la cdy mang mot hodc nhiéu
gen dugc dua vao bang phuong thirc nhan tao thay vi thong qua lai
tao nhu trude day. Nhitng gen duogc tao dua vao (gen chuyén) co thé
duogc phan 1ap tir nhitng loai thuc vat ¢6 quan hé ho hang hoac tir
nhitng loai khac biét hoan toan. Thuc vat tao ra dugc goi 1a thyc vat
“chuyén gen” mac du trén thuc té tat ca thuc vat déu duogc “chuyén
gen” tir tO tién hoang dai ctia chung boi qua trinh thuan hoéa, chon
loc va lai giéng co kiém soat trong mot thoi gian dai.

Nhin chung, viéc img dung cay chuyén gen di ¢ nhitng loi ich
ro rét nhu sau:
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- Tang san lugng.

- Giam chi phi san xuét.

- Tang lgi nhudn néng nghiép.

- Cai thién moi trudong.

Nhirng cay chuyén gen “thé hé thir nhat” da giiip giam chi phi
san xuat. Ngay nay, cac nha khoa hoc dang hudong dén viéc tao ra
nhitng cdy chuyén gen “thé hé thtr hai” nham ting cic gid tri dinh
dudng hodc c6 nhiing dac diém thich hop cho cong nghiép ché bién.
Loi ich cta nhitng cdy trong nay hudng truc tiép hon vao ngudi tiéu
dung. Chang han nhu:

- Lta gao giau vitamin A va sit.

- Khoai tay tang ham lugng tinh bot.

- Vaccine thuc pham (edible vaccine) ¢ ngd va khoai tay.

- Nhiing giéng ngd co thé trong dugc trong diéu kién nghéo
dinh dudng.

- Déu 4n ¢6 loi cho stic khoé hon tir dau nanh va cai dau.

Tuy nhién, bén canh nhing uu diém ciing c6 nhimg nguy co
tiém an trong viéc phat trién nhitng ky thuat méi. Bao gdm:

- Mbi nguy hiém trong viéc vo tinh dua nhiing chat gy di ung
hodc lam gidm dinh dudng vao thuc pham.

- Kha ning phat tin nhitng gen bién nap trong cdy trong sang
ho hang hoang dai.

- Sau bénh c6 nguy co ting cudng tinh khang véi cac chat doc
tiét ra tir cAy chuyén gen.

- Nguy co nhiing_ chét doc nay tac dong toi cac sinh vat khong
phai 13 loai sinh vat can diét, vi thé c6 thé 1am mit cin bang sinh
thai.

Nhin chung, mic du con nhitng diém con chua 16 rang vé cay
chuyén gen nhung v6i kha nang tao ra nhimng glong cdy trong moi co
gia tri kinh té, cong ngh¢ nay co6 vai tro khong thé phu nhén duogc.
Tuy vay, van con mot s6 van dé dang lo ngai. Dé giai quyét nhiing
van dé nay thi nhitng két luan thu duoc phai dya trén nhimg thong
tin tin cdy va c6 co sd khoa hoc.
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Cudi cing, vi tim quan trong ctia luong thuc thuc pham cho
con ngudi, nén cac chinh sach lién quan t&i cdy chuyén gen s& phai
dua trén nhitng cudc tranh luan céi mé va trung thuc c¢6 sy tham gia
ctia moi thanh phan trong x4 hoi.

1. Khai niém vé thuc vt chuyén gen

Mudn tao mot sinh vat bién doi gen (genetically modified
organism-GMO) can phai c6 phuong phap thich hop dé dwa DNA
ngoai lai (foreign DNA) vio trong té biao ciia ching. O vi khuan, té
bao duoc xr Iy bang dung dich mudi calcium chloride. O té bao ndm
men, Su tiép nhan DNA tang 1én khi té bao tiép xuc voi1 lithium
chloride hoic lithium acetate. Tuy nhién, d6i véi phan 16n sinh vat
béc cao can phai c6 cac phuong phap khéc tinh vi hon.

Chuyén gen & thyc vat da phat trién cing véi su phat trién cta
céc ky thuat nudi cdy mo va té bao thyc vat. N6 da trd thanh phuong
tién quan trong dé nghién ctru co ban trong sinh hoc thuc vat. Ngoai
viéc mo ra trién vong chuyén cac gen c6 y nghia kinh té vao cay
trong, cac k¥ thudt nay con cho phép nghién ctru cau trac va diéu
khién hoat dong cta gen.

Qua trinh dua mot DNA ngoai lai vao genome (h¢ gen) cua
mot sinh vat dugc goi 1a qua trinh bién nap (transformation). Nhirng
cdy duoc bién nap dugc goi la cdy bién ddi gen (genetically
modified plant-GMP). Ung dung cong ngh¢ gen trong cong tac
gidng ciy trong hién dai c6 rat nhiéu vu diém, chiang han nhu:

- Bang viéc bién nap mot hodc mot sé gen co thé thu duoc cay
mang mot dic tinh mai xac dinh.

- Rao can vé loai khong con c6 tac dung, vi khong chi cac gen
tir thuc vat ma con tir vi khuan, nim, dong vat hoac con ngudi dugc
chuyén thanh cong vao thuc vat. V& nguyén tic chi thay d6i ving
diéu khién gen, promoter' va terminator’. Tuy nhién, trong mét sd
truong hop doi hoi nhirng thay d6i tiép theo nhu su pht hop codon.

' Gen khéi dong cho qua trinh phién ma.
> Gen két thuc qua trinh phién ma.
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- Nhitng dac diém khong mong mudn cia thuc vat. Chéng han,
su tong hop cac chat doc hodc chat gay di ung c6 thé dugc loai trur
bang cong ngh¢ gen.

- Thyc vat bién ddi gen c6 thé 1a 10 phan ung sinh hoc
(bioreactor) san xuat hi¢u qua cac protein va céac chat can thiét dung
trong dugc pham va thyc pham..

- M¢ ra kha nang nghién ctu chic nang ctia gen trong qua
trinh phat trién ctua thuc vat va cac qua trinh sinh hoc khac. Vi vay,
thuc vat bién doi gen c6 y nghia trong nghién ctru co ban.

- Trong lai tao g1ong hién dai, cong ngh¢ gen giup lam giam sy
mau thuan gitta kinh t& va moi truong sinh thai. Bang viéc st dung
cay trong khang thudc diét co c6 thé giam dugc luong thude bao vé
thuc vat.

Muc dich cia néng nghiép hién dai khong chi 1a ting ning suat
ma con hudng dén nhitng linh vyc quan trong sau:

+ Duy tri va mo rong da dang sinh hoc (biodiversity).

+ Tang kha ning khang (sttc khoe ciy trong va chdng chiu cac
dieu ki¢n bat loi).

+ Nang cao chat luong san pham.

+ Cai thién kha nang tich iy dinh dudng.

+ Tang cuong tong hop cac hop chat ¢ hoat tinh sinh hoc.

+ Tao ra san pham khong gy hai méi trudng.

2. Tém tdt lich si phdt trién ciia cong nghé chuyén gen thiee vit

Lich str phat trién cong nghé gen cua thyc vat chic chin c6 rat
nhiéu sy kién quan trong. O day chi néu 1én nhitng mdc cé ¥ nghia
dic biét nham lam rd su phat trién rit nhanh cta linh vuc nay:

- Trudc hét, vi khudn dat Agrobacterium tumefaciens duoc sir
dung lam phuong tién van chuyén DNA. Binh thudng vi khuan nay
tao nén khdi u & thuc vat. Mot phén nhé cua Ti-plasmid c6 trong vi
khuén nay, duoc goi la T-DNA, duoc van chuyén tor Agrobacterium
vao cdy hai 14 mam. Nam 1980, lan dau tién DNA ngoai lai
(transposon Tn7) dugc chuyén vao thuc vat nho A. tumefaciens, tuy
nhién T-DNA van chua dugc thay doi. Nam 1983, nhiéu nhom
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nghién ctru da bién doi T-DNA va dua DNA ngoai lai vao, tao ra
tinh khang mot s6 chat khang sinh. Ngoai ra, cac gen tao khdi u
duogc cit ra. DNA ngoai lai cung véi phan con lai dugce chuyén vao
thuc vat va duoc bién nap. Thanh cong nay nho nghién ctu chinh
x4c con duong lay nhiém cla A. tumefaciens trudéc d6 va kha ning
ctia hé théng chon loc ddi véi thuc vat.

Tir két qua thanh cong dau tién nay s luong cac loai duoc bién
nap ngdy cang ting. Luc nay co thém nhiéu phuong phap khac dé
bién doi gen:

- Nam 1984, bién nap bang té bao tran (protoplast) ¢ ngd dugc
thyc hién. 0 day thanh té bao dugc phan giai bang enzyme, xuat
hién t& bao trAn. Nho polyethylene glycol (PEG) hodc xung dién
(electroporation) ma DNA dugc dua vao té bao tran.

- Nam 1985, 1an dau tién cdy bién dbi gen duwoc mé ta cé tinh
khang thudc diét c6. Mot nim sau, ngudi ta di thanh cong trong viée
tao ra thuc vat khang virus. Nam 1996, cac thi nghiém vé cay bién
d6i gen da duoc phép dua ra dong rudng.

- Nam 1987, phuong phap bién nap phi sinh hoc duge sir dung.
O day té bao thuc vat dugc ban pha bang cac hat vang hodc wolfram
boc DNA ngoai lai. Nhd phuong phap ndy ma sy bién nap da thanh
cong dd & cac cAdy mot 14 mam quan trong nhu laa (1988), ngd
(1990) va lua my (1992). Ciing trong nim 1987, ca chua va thudc 14
khang con trung da lam cho cong ngh¢ gen dat dugc mdt budc phat
trién quan trong hon. Mot thanh cong quan trong khac 1a di diéu
khién duoc qué trinh chin & ca chua, sau nay co tén la FlavrSaver.
Niam 1994, 1an dau tién ca chua bién d6i gen dwoc ban trén thi
truong.

- Nam 1989, khong nhitng di thanh céng trong viéc chuyén cac
gen mi hoa cac khang thé vao thuc vat, ma ngudi ta con tao nén cac
san pham gen ndy nhu mong mudn. Két qua nay da mo ra mot kha
nang hoan toan mdi m& cho viéc san xuat vaccine va ca kha ning
chéng bénh & thuc vat.

- Nam 1990, thanh cong trong viéc tao ra cay bién d6i gen bt
duc duc, khong c6 kha nang tao hat phan. Loai cy trong nay c6 y
nghia 16n trong viéc san xuat hat giéng.
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- T nam 1991, thanh phﬁn carbohydrate cua thuc vat dugc
bién ddi va nam 1992 1a cac acid béo. Cung nim do6, 1an dau tién
thanh phén alkaloid & mot loai ca dugc cai thién, 1a mdt budc quan
trong d6i voi thuc vat trong viéc téng hop nhém hop chat nay.
Nhirng thue vat nay co y nghia 16n d01 véi vige thu nhan dugc ligu.
Sau khi thyc vat bién d6i gen nay xuét hién, chat nhan tao phan giai
sinh hoc dugc tong hop. Pidu nay cho phép ching ta hy vong ring,
trong tuong lai sé c6 nhitng thyc vat c6 dac tinh mai, duge st dung
nhu 14 cac bioreactor thuc vat dé san xuét “nguyén li€u tai sinh”.

- Nam 1994, ca chua Flavr Savr® 13 cdy trong dau tién bién doi
gen va qua cla né duoc dua ra thi trudng. Nam 1998, trén thé gi6i
da c6 48 gidng ciy trong bién doi gen va san pham duoc thi truong
hoa. Nam 1999, cdy lta bién d6i gen dugc dua ra véi 7 gen duge
bién nap.

Pén diu nim 1999, trén thé gidi da co khoang 9.000 thi
nghiém ddng rudng cho phép, trong d6 khoang 1.360 1a & EU.

Cubi ciing, 1a mot sé nhan xét vé viéc thi trudng hoa cay blen
d6i gen trong noéng nghiép. Cho dén nam 1999, dién tich gieo trong
trén thé gioi dat hon 40 triéu ha. Trong d6 20% la ngd, 50% la dau
tuong va 1/3 dién tich bong 1a 6 My. Ngoai ra c6 hon 70% dién tich
cai ddu ¢ Canada dugc trong voi glong bién d6i gen. Khoang 90%
thuc vat bién d6i gen chéng chiu thudc diét co hodc sdu bénh hai.
Can chu y rang, & My san pham ddu twong c6 trong hon 20.000 loai
thuc pham khac nhau. Piéu nay cho thay rang, cong nghé gen da anh
hudng dén san xuat thue phdm cia chung ta.

I1. Mt s6 nguyén tic co ban ciia viéc chuyén gen
1. Mét s6 nguyén tdc sinh hoc
Khi dat ra myc dich va thuc hién thi nghiém chuyén gen can

chi y mot sé van d& sinh hoc anh huéng dén qua trinh chuyén gen
nhu sau:

- Khong phai toan bd té bao déu thé hién tinh toan nang
(totipotency).

- Cac cay khac nhau c6 phan tmg khong giéng nhau véi sy xam
nhdp cua mdt gen ngoai lai.
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- Cay bién nap chi co thé tai sinh tir cac té bao c6 kha ning tai
sinh va kha nang thu nhan gen bién nap vao genome.

- M6 thyc vat 1a hdn hop cac quan thé té bao c6 kha ning khac
nhau. Can xem xét mot s6 van dé nhu: chi c6 mot so it t€ bao c6 kha
nang bién nap va tai sinh cay. O cac t€ bao khac cé hai truong hop
c6 thé xay ra: mot sb te bao néu duoc tao diéu kién phu hop thi trd
nén c6 kha nang, mot s khac hoan toan khong c6 kha niang bién nap
va tai sinh cay.

- Thanh phén cua cac quén thé té bao duogc xac dinh boi loai,
kiéu gen, ting co quan, tirng giai doan phat trién cua mo va co quan.

- Thanh té bao ngin can sy xam nhap ciia DNA ngoai lai. Vi
the, cho dén nay chi c6 thé chuyén gen vao té bao c6 thanh cellulose
thong qua Agrobacterium, virus va ban gen hodc phai pha bd thanh
té¢ bao dé chuyén gen bang phuong phap xung di¢n, si€u am va vi
tiém.

- Kha ning xam nhap 6n dinh cta gen vao genome khong ty 18
voi sy biéu hién tam thoi cua gen.

- Cac DNA (trir virus) khi xdm nhap vao genome cua té bao vat
chu chua dam bao 1a da 1ién két 6n dinh véi genome.

- Cac DNA (trir virus) khong chuyén tir t& bao nay sang té bao
kia, n6 chi ¢ noi ma n6 duogc dua vao.

- Trong khi do, DNA cua virus khi xdm nhap vao genom cay
chu lai khong lién két vé1 genome ma chuyén tir t€ bao nay sang té
bao khéac ngoai trir mo6 phéan sinh (meristem).

2. Phdn vng ciia té bao véi qud trinh chuyén gen

Muc dich chinh cua chuyén gen la dua mdt doan DNA ngoai
lai vao genome cua té bao vat chii co kha nang tai sinh cdy va biéu
hién 6n dinh tinh trang mé&i. Néu qua trinh bién nap xay ra ma té bao
khong tai sinh duoc thanh cay, hodc su tai sinh dién ra ma khong
kém theo su bién nap thi thi nghiém bién nap chua thanh cong.

O réat nhiéu loai thyc vat, didu kho khan 1a phai xac dinh cho
duogc kiéu té bao nao trong cay c6 kha ning tiép nhan sy bién nap.
Hat phén hay té bao nodn sau khi duogc bién nap c6 thé duoc dung dé
tao ra cdy bién nap hoan toan, thong qua quéd trinh thu tinh binh
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thuong. Hat phan thuong dugc coi 13 nguyén liéu ly tuong dé gay
bién nap. Trong khi do, viée bién nap gen vao hop tir in vivo hay in
vitro lai gap nhiéu khé khin. Trong trudng hop nay, nguoi ta thuong
phai két hop véi ky thuat ciru phoi. Viéc bién nap gen ddi véi cac té
bao don cua cac mo phtrc tap nhu phoi hay mo phén sinh thuong cho
ra nhitng cay kham.

Tur nhidu thap ky qua nguoi ta da biét rang, tinh toan thé cua té
bao thuc vat di tao diéu kién cho sy tai sinh cay hoan chinh in vitro
qua qua trinh phat sinh co quan (hinh thanh chdi) hay phat sinh phoi.
Céc chdi bat dinh hay ph6i dugc hinh thanh tir cac té bao don duoc
hoat héa 13 nhitng bd phan dé dang tiép nhan su bién nap va c6 kha
niang cho nhiing cdy bién nap hoan chinh (khong c6 tinh kham).

3. Cdc budce co ban ciia chuyén gen

Tur khi nguoi ta kham phé ra rang cac thi nghiém chuyén gen
c6 thé thuyc hién nhd mot loai vi khuén dat Agrobacterium
tumefaciens, thi cac nha khoa hoc tin rang Agrobacterium c6 the
chuyen gen vao tat ca cac cdy trong. Nhung sau d6 két qua thyc té
cho thay chuyen gen bang A grobacterium khong thé thuc hién dugc
trén cdy ngii coc (mot 1a mam) vi thé hang loat ky thuat chuyen gen
khac di duoc phat trién d6 1a cac k¥ thuat chuyén gen tryc tiép nhu
bin gen bang vi dan (bombardement/gene gun), vi tiém
(microinjection), xung dién (electroporation), silicon carbide, dién di
(electrophoresis), siéu am (ultrasonic), chuyén gen qua 6ng phan
(pollen tube)... Pén nay, nhd cai tién cac vector chuyén gen nén ky
thuat chuyén bang A. tumefaciens da thanh cong ca ¢ cay ngi coc
dic biét 1a lta. Ky thuat ndy tré nén mot ki thut ddy trién vong dbi
v6i cay chuyén gen & thuc vat.

Qua trinh chuyén gen duogc thuc hién qua cac budce sau :

- X4c dinh gen lién quan dén tinh trang cin quan tim.

- Phan lap gen (PCR hoac sang loc tur thu vién cDNA hoac tir
thu vién genomic DNA).

- Gan gen vao vector biéu hién (expression vector) dé bién nap.

- Bién nap vao E. coli.

- Tach chiét DNA plasmid.
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- Bién nap vao mod hodc té bao thuc vat bﬁng mot trong cac
phuong phap khac nhau da ké trén.

- Chon loc céc thé bién nap trén méi trudng chon loc.

- Tai sinh cdy bién nap.

- Phan tich dé xac nhén ca thé chuyén gen (PCR hoidc Southern
blot) va danh gia mic d6 biéu hién cua ching (Northern blot,
Western blot, ELISA hoac cac thir nghiém in vivo khac...).

Nguyén li¢u dé thuc hién sy bién nap la cac té bao thuc vat
riéng 1€, cdc mod hodc cay hoan chinh.

Can tro 10n nhit cia sy tiép nhan DNA & phan 16n sinh vat 1a
thanh té bao. Mudn 1am mat thanh té bao thuc vat nguoi ta thudng
sir dung enzyme va duéi nhitng diéu kién thich hop ngudi ta cé thé
tao ra t€ bao tran, t& bao tran tiép nhdn DNA ndi chung dé dang.
Chéng han sir dung phuong phap xung dién, ¢ day té bao dugc dat ¢
trong mot xung dién ngan, xung dién nay co thé 1am xudt hién nhiing
16 tam thoi ¢ trén mang té bao, nhitng phan tir DNA c¢6 thé di vao
bén trong té bao. Sau khi blen nap nguoi ta tach nhimg enzyme phén
giai va dé cho té bao phat trién, thanh té bao moi dugc tao nén. Cac
té bao bién nap nay dwoc nudi ciy trén cac moi truong nhén tao
thich hop cing v&i cac chat kich thich sinh trudong dé tao nén cay
hoan chinh. Sau d6 bang cac phuong phap phén tich genome nhu
PCR, Southern blot, Northern blot dugc thuc hién dé tim ra chinh
xéac nhitng cay bién d6i gen.

Bén canh cac phuong phap bién nap Agrobacterium hoic xung
dién, hién nay c6 hai phuong phap khac cing thuong dugc s dung
dé dua DNA vao trong té bao. Phuong phap thur nhat 13 vi tiém: vOi
mot cai pipet rat nhd ngudi ta co the dua cac phan tirt DNA truc tlep
vao nhan té bao ma nguoi ta mudn bién nap. Phuong phap nay dau
tién chi dugc sir dung & té bao dong vat, nhung sau ndy nguoi ta da
st dung cho té bao thuc vét. Phuong phap tht hai 1a bin vao té bao
cac vi dan (microprojectile), thuong bang vang hodc wolfram, duoc
bao boc boi DNA. Phuong phap nay dugc goi la phi sinh hoc va
duogc sir dung thanh cong ¢ nhiéu loai té bao khac nhau.

O dong-thuc vat chuyén gen, san pham cudi cung thuong
khong phai 1a t€ bao bi€n nap, ma la mot co thé bién nap hoan toan.
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Phén 16n thyc vat dugc tai sinh de dang bang nudi cdy mo té bao.
Tuy nhién, tai sinh cAdy mot 14 mam nhu ngii cdc va cac loai o khac
cling gip mot vai kho khin. Tir mot té bao bién nap duy nhat ngudi
ta co thé tao ra mot cdy chuyén gen, trong d6 mdi té bio mang DNA
ngoai lai va tiép tuc chuyén cho thé hé sau sau khi nd hoa va tao hat.

III. Cac hwéng nghién ciru va mot so6 thanh tyu trong linh
vure tao thue vat chuyén gen
1. Cac huong nghién cuu

Trong nhtng nam qua, cac phuong phap bién nap gen & thuc
vat d4 co rat nhiéu tién bo. Hién nay, cac phong thi nghiém cong
nghé gen dang bat tay vao viéc cai thién cac dic diém di truyén cho
mot so loai cdy trong cé gia tri nhd cac cong cu cua sinh hoc té bao
va sinh hoc phan tu. Trong mét vai truong hop dac biét (dau tuong,
laa, ngd va bong) cac phuong phap bién nap gen bi gioi han boi
genotype. Mot s6 cac cay trong quan trong khac, can thiét cho nhu
cau st dung cua ngudi dan & cac nudc dang phat trién hién ciing it
dugc cha y.

Cong ngh¢ di truyén thuc vat 13 mot budc ngoit quyét dinh.
Mot s6 cay trong quan trong da duoc bién nap gen; mic du mot vai
van dé k¥ thuat van dang con ton tai, nhung chung dang timg budc
duoc giai quyét. Dé c6 két qua can phai thay d6i dan dan sang mot
pham vi khac, nhu 1a phat hién va tao dong cac gen mang céc tinh
trang da gen (multigenic traits). Mot diéu khong thé quén 1a van dé
nhan thtrc cua xa hoi va du bao nguy co tic dong x4u dén moi
truong do cac san pham c6 ngudn gde tir cong nghé DNA tai t6 hop
(DNA recombinant technology) mang lai. Hién nay, cong nghé
chuyén gen dang duoc quan tdm hon théng qua cac quy tai tro cua
cac co quan quoc té nhu 13 chwong trinh Rockefeller Foundation
(M¥), va van dé dang dugc thao luan nhiéu d6 1a can phai xac dinh
mot phuong thirc tot nhat dé chuyén cac loi ich do cong nghé bién
nap gen mang lai dén cac nudc dang phat trién.

Cay bién nap gen dau tién thu duoc vao nim 1983. Piéu nay
cho phép nhan xét rang méi chi hon hai thap nién, cac cong cu ciia
cong nghé DNA tai t6 hop va sinh hoc té bao di giup ich rat nhiéu
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cho cac nha tao gidéng thuc vat. Viéc lua chon phuong thire sir dung
cac cay trong thu duogc tir cong nghé DNA tai t6 hop c6 thé cung cip
thém nguodn tai nguyén mai cho cong nghiép va nguoi ti€u dung,
nhu vy c6 thé mé rong co so kinh té & ca cac nudc cong nghiép 1an
cac nudc dang phat trién.

Sau day 1a mot s6 huéng nghién ciru chinh trong cong nghé
chuyén gen ¢ thyc vat.

1.1. Cay trong chuyén gen khang cac ndm gay bénh

Néam bénh 1a nhiing tic nhan giy hai cdy trong rat nang, nhat 1a
¢ cac nude nhi¢t doi co do am cao. Cac enzyme lam thoai hoa cac
thanh phan chinh cua vo t& bao ndm chitin va B-1,3 glucan 1a loai
dang dugc chu y. Khi chuyén gen chitinase vao cdy thudc 14 di ting
hoat tinh khang ndm gy hai. Sy biéu hién dong thoi cua ca hai gen
chitinase va glucanase trong thudc 14 1am cho cay c6 tinh khang ndm
gay hai cao hon cay c6 mot gen doc lap.

Tuong ty, ca chua cho tinh khang nAim Fusarium cao hon han
sau khi dugc chuyén ca hai gen noi trén. Protein @rc ché ribosome
(ribosomal inhibition protein-RIP) ciing biéu hién tinh khang nim
t6t. Cay thudc 14 cho tinh khang nam rat cao, khi cay dugc chuyén
giao dong thoi gen RIP va chitinase.

1.2. Cay trong chuyén gen khang cac vi khuan gy bénh

Déi v6i bénh vi khuan, huéng nghién ciru tao gibng moi bang
cong nghé gen chi moi bat dau. Ve co ban c6 ba hudng :

- Dung gen mi hoa enzyme lam thoai hoa thanh té bao vi
khuan. Chang han, gen lysozyme tir cac nguon t€ bao dong vat hoac
tir thyc khudn thé T, (bacteriophage T,) dua vao cay thudc 14 va
khoai tdy. Cac gen nay biéu hién hoat tinh lysozyme manh va cac té
bao ¢6 kha ning phong trir vi khuan Erwina carotovora rat tot.

- Gen mi héa o-thionin-cystein duoc chuyén giao sang ciy
thudc 14 cling phong ngtra dugc vi khuan Pseudomonas syringae.

- Chuyén gen san xuat protein lam gidm ddc t6 cua vi khuan 1a
huéng c¢6 nhiéu htra hen. Gen nay chu yéu la gen san xuat céac loai
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enzyme phan huy doc t6 cua vi khuan, do vdy vo hi¢u hoa tac hai
cua chung.

1.3. Cay trong chuyén gen khang virus gay bénh

Céc virus gdy ra nhimg thiét hai dang ké trong hau hét cac cay
trong luong thuc va cay cho soi trén pham vi thé gidi. Phuong phap
chu yéu dé khic phuc tinh trang trén 1 khai thac tinh khang xuat
phat tir cac tac nhén gay bénh. Chang han, sir dung cac trinh tu c6
ngudn gdc tir virus duoc biéu hién trong cac cdy chuyén gen dé cung
cap tinh khang ddi véi cac virus thuc vat. Huong ndy dya trén co so
cac nghién ciru vé sy gdy nhidém (inoculation) hay xdm nhiém
(infection) ¢ thuc vat, khéi dau véi cac ching virus nhe tao ra phan
g bao vé chong lai sy gdy nhiém tiép theo vai cung loai virus hoic
cac virus lién quan gan giii.

1.4. Cay trong chuyén gen khang con tring pha hoai

St dung hoa chat dé phong trir sau bo con trung vira dét tién
vira tic dong x4u dén méi trudng. Céc cay trong nhu bong, ngd va
khoai tay chuyén gen dang duoc san xuat thwong mai biéu hién doc
t6 cta Bacillus thuringensis (Bt) dé tao ra tinh khang ddi véi cac con
trung loai nhai-nghién (chewing insects). Vi khuan B. thuringensis
tong hop cac protein d-endotoxin tinh thé duge mi héa bai cac gen
Cry. Khi cOn trung an vao bung, cac prototoxins bi dut gay trong da
day kiém cua con trung dé tao thanh doc t6 hoat dong. Cac lién két
nay tao ra cac receptor dac trung trong cac té bao biéu mo rudt 1am
thanh céc 16 chan 16ng va cudi cung 1 gay chét con tring.

1.5. Cay trong chuyén gen cai tién cac protein hat

Ham lugng protein va thanh phan amino acid thay ddi rat nhiéu
trong thuc pham thuc vat. Ngoai protein thi cac amino acid khong
thay thé, phai dugc tiép nhan cung thirc dn vi con ngudi va dong vat
khong ty tong hop duoc. Pic biét, trong thirc an gia suc chu yéu la
dau twong va ngd, phai bd sung cac amino acid duoc san xuat bang
phuong phidp 1én men nhu lysine, methionine, threonine va
tryptophan. Trong tuwong lai, khong can thiét phai b6 sung cac amino
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acid nay theo phuong thirc nhu vay. Phuong thirc c6 kha nang hon 1a
tao dong cac gen ¢ cdy dau tuong hodc ngd ma cac gen nay ma hoda
cho protein giau nhitng amino acid nay.

Nguoi ta da dua gen ma hoéa cho mdt loai protein chira céac
amino acid c6 luu huynh cao bat thuong vao cdy dau lupin voi muc
dich biéu hién ¢ hat. Két qua 1a ting 100% ham luong protein trong
hat. Hat nay dugc dung dé nuoi ciru, tang trong lugng 7% va san
luong 16ng ting 8% so véi cliru nudi bang loai hat binh thuong.
Thanh coéng nay thuc ddy cic nha nghién ctru dwa gen nay vao bicu
hién & 14 cay co, nham cai tién cAn bang amino acid khong thay thé &
da co.

1.6. Cay trong chuyén gen san xuat nhitng loai protein méi

Thyc ra viéc san xuat protein trong thyc vat dé dang, nhung
tinh sach protein nay tir mo thyc vat 1a kho khin va trude hét 1a gia
thanh cao. Vi vay, nguoi ta hy vong vao mot phuong phdp mai,
dugc gioi thiéu boi Raskin va cs (1999). Nhiing gen ma hoa cho
protein dugc gan v61 mot promoter va dam bao cho protein chi dugce
téng hop & ré. Tiép theo protein tao thanh c6 mot hé thong tin hiéu,
dam bao cho né duoc van chuyén vao mot vi tri xac dinh trong té
bao. Trong truong hop dic biét protein duoc van chuyén vao mang
lu6i nodi chit (endoplasmatic reticulum: ER).

Protein di vao ER c6 thé dugc thai ra bén ngoai va chi & ving
ré, vi promoter chi dic hiéu cho ving nay. Ngudi ta ding mot sb
dung dich mudi dé tach protein mot cach dé dang va véi gia thanh
hop ly.

Mot vi du dién hinh coa huong ng dung nay: Nguoi ta da tao
ra duoc hai loai thudc 14 chuyén gen, mdi loai c¢6 kha ning san xuat
mot trong hai mach immunoglobin nhe va nang. Thé hé con sinh ra
tur su lai hai loai cay trén biéu hién dugc mot khang thé hoat dong
gdm hai loai mach v&i ham luong cao (1,3% tong protein cia 13) va
c6 tat ca cac dic tinh ciia mot khang thé don dong san sinh tir
hybridoma.

Thaumatin 13 nhiing protein duoc chiét xuét tir thit qua cta cay
Thaumatococus danielle, c6 d6 ngot gip 1.000 lan duodng
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saccharose. Nguoi ta di thanh cong trong viéc chuyén mot gen ma
hoa cho thaumatin (thaumatin II) vao cdy khoai tay, tao mot cay
khoai tay co6 14, than ré, cu déu ngot. Két qua ndy mé ra mot trién
vong rat 1on ddi voi cdy an qua ngot.

1.7. Céy trong chuyén gen mang tinh bat duc duc

Céc cay hoa mau dat ning suét cao hién nay déu duogc trong tir
hat lai qua mdét qua trinh chon lgc khat khe. Cac hat nay co uu thé lai
cao vi 1a két qua cua cac qué trinh lai xa. O nhiing ciy ty thu phan
nhu ngd, trudc kia nguoi ta rat ton cong lao dong dé loai bo cd bip
(cum hoa duc) nham tranh hién tuong tu thy phén.

Tuy nhién, cong trinh thir nghiém méi da chuyén mét phirc hop
gdbm gen rolC cua A. tumefaciens va promoter CaMV 35S
(cauliflower mosaic virus: virus gdy bénh kham & stp-lo) vao cay
thudc 14 va da thu dugc cdy chuyén gen bat thy. Két qua nay dang
dugc nghién ctru va &p dung trén nhitng loai cay khac.

1.8. Thyc vat bién d6i gen dé san xuét cac acid béo thiét yéu

Nhu chung ta biét, ngudn cung cp chii yéu vé cac acid béo
thiét yéu 13 dau ca va tai nguyén hai san dang bi can kiét va sy gia
tdng doc té 0 cac loai hai san khac nhau cling dang tr¢ thanh mot
nguy co tiém tang. Do vay, viéc nghlen clru san Xuat cac acid beo
thlet yéu co tiém ning to 16n trong viéc phat trién mot ngudn cung
cap thay thé.

Gan day, cac nha nghién cu ciia Pai hoc Bristol (Anh) da
thong bao vé viéc san xuit hai chudi dai acid béo khong san sinh ra
cholesterol véi sd luong 16n ¢ thuc vat bac cao. Viéce san Xuét ra cc
loai dau thiét yéu & cdy Arabidopsis thaliana cho thiy thuc vat
chuyén gen c6 thé tré thanh ngudn cung cap cac acid béo quan trong
dung trong dn udng ma chung ta thudng chi nhin duoc tir ca.

Nguoi ta ciing da ap dung thanh cong k¥ thuat gen ddi voi ciy
Arabidopsis thaliana dé tao ra cac acid béo thiét yéu khac nhu
arachidonic acid va eiconsapentaenoic acid.

1.9. Phét trién hé théng marker chon loc
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Vi€e sir dung cac marker khang khang sinh hoac chéng chiu
thudc diét co cho cay chuyen gen thudng 13 méi lo ngai chinh coa
cong chung va 13 Iy do phan dbi cong nghé nay.

Céac nha khoa hoc tai Trung tdm Khoa hoc Thuc vat Umeo
(Thuy Dién) da xdy dung mot hé théng marker wu viét dé xac dinh
cay trong bién d6i gen ma khong phu thugc vao cac marker truyén
thong bang cach phat trién mot bién phap dua trén gen daol, gen
nay ma hoa D amino acid oxidase (DAAO). DAAO la tdc nhan lam
mat qua trinh tao nhdm amin oxy hoa cia mot dady D-amino acid, va
phuong thic chon loc nay dua trén muc d§ ddc tinh cua cac D-
amino acid khac nhau va sy trao d6i cta ching ddi voi thuc vat.

Maic du nghién ctru ndy con moéi va dugc thyc hién trén cay
Arabidopsis thaliana, nhung ngudi ta tin tudng ring phuong phap
chon loc nay s& co thé sir dung trong cac loai cAy néng nghiép quan
trong khac.

1.10 Lam sach dét 6 nhiém

Cay mu tat An Do chuyén gen (GM) da hit sach luong selen
du thira trén mot canh dong tai California. Pay 1a cudc thir nghiém
dau tién trén thuc dia doi voi mot sb loai cdy GM chdng 6 nhiém.

Selen 1a mdt nguyén td hoa hoc, gay doc ddi voi thue vat néu
ham lugng cua ching qua cao trong dat. Dat canh tic tai mot sb
vung cua bang California dugc tudi tiéu manh va nudc hoa tan selen
c6 trong da phién sét. Khi nude bde hoi trén mit dat, senlen sé tich
tu ngdy cang nhiéu.

Cay mu tat An Do (Brassica juncea) von c6 kha nang khang va
hap thu selen qua ré. Tuy nhién, Terry va cs (Dai hoc California) da
thic day thém kha ning trén cta cidy mu tat bang cach bo sung mot
sO gen tao enzyme doi selen. Két qua 1a loai thuc vat GM nay c6 thé
hap thy selen cao gap 4.3 1an so véi mu tat An D¢ dang hoang dai,
va chiing duoc thu hoach 45 ngay sau khi trong.

Cudc thtr nghiém thyc dia ndéi trén da dugce tién hanh can than
dé dam bao khong c6 ho hang nao clia cdy mu tat An D9 sinh truéng
& xung quanh. Hoa mu tat GM ciing dugc hai ngay khi ching xuét
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hién. Mu tat chuyén gen s& duoc dung lam thirc an cho trdu bo thiéu
selen trong bira an.

Hién nay viéc xtr Iy dat 6 nhiém van mang tinh tho so, chu yéu
1a dao dat va chén né & mot noi khac hodc rira dat. Ca hai phuong
phap déu tén kém, 1am giam chét luong dat. Viéc sir dung thuc vat
dé loai bo chat 6 nhiém khoi dat it ton kém hon song cé thé mat
nhiéu nam. Chang han, cay duong xi Trung Quéc (Pteris vittata) da
duoc sir dung dé hut thach tin khoi dat. Nhung dung cay chuyén gen
c6 thé gitip tang toc tién trinh don 6 nhiém nay.

Tuy nhién, kha nang cdy GM s¢ lai v6i cac loai hoa mau khac
1a mot diéu dang lo ngai. Theo Rugh (Pai hoc Michigan) néu chuyén
mot gen hap thy nhiéu kim loai vao ciy dung dé xur Iy 6 nhiém, thi
chung ta phai dam bao ring gen d6 khong xam nhap vao hoa mau.
Néu khong, hoa mau ciing s& hut nhiéu kim loai, anh hudng téi sirc
khoe nguoi tiéu dung.

1.11. Lam thirc an chan nudi

Mot thé hé cay trong chuyén gen moi, duoc thiét ké déac biet
cho nganh chan nudéi dang duoc phat trién. Nhing loai cay trong nay
duoc thiét ké v6i nhitng thay d6i quan trong vé ham luong cac thanh
phan chinh (vi du: protein va amino acid) hay cac thanh phan thir
yéu (vi du: cac loai vitamin va khoang chat). Vi nhiing loai cay trong
chuyén gen nay duoc ding véi myc dich 1am thtc dn chin nudi nén
s& khac véi cac loai ciy trong binh thudng, tién trinh chuin y cac
loai ciy trong nay s& can c6 thém nhitng danh gia vé sy an toan cia
chung khi dé con ngudi va vat nudi tiéu dung.

Céac san pham tiém tang bao gdm céac loai ddu twong va ngd
chuyén gen, c6 ham luong dau cao hon cung cap nhiéu ning luong
hon cho bo, lon va gia cam. Cac nha nghién ctru cling tao ra loai dau
trong va ngd c¢6 ham lugng cac loai amino acid khéng thay thé cao
hon. Ngoai ra, cac nghién ciru khac ciing dang duoc tién hanh nham
lam tdng ham luong phosphore trong thirc an chan nudi.

2. Mot s6 thanh twu trong linh vuc tgo thuc vat chuyén gen
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Noéi chung, hau hét cac loai thue vat déu c6 thé bién nap duogc
gen. Thong thudng, hiéu qua bién nap gen khac nhau tuy thudc vao
timg loai cdy trong, va di nhién qué trinh bién nap gen van con bi
han ché & nhiéu loai. O day chi gidi thiu cac két qua bién nap gen
thanh coéng & cac giéng cdy trong quan trong.

Bang 5.1. Mot s6 loai cdy trong chuyén gen quan trong hién nay

San pham Pic diém

Cai dau Chéng chiu chét diét co6, ham luong laurate cao,
ham lugng oleic acid cao

Ngo Chéng chiu chat diét co, khang con trung

Bong Chéng chiu chat diét co, khang con trung

Khoai tay Khang con trung, khang virus

Pau tuong Chéng chiu chét diét cd, ham luong oleic acid

cao
Bi Khang virus
Ca chua Chin cham
Lua Chéng chiu chat diét co, san xuét vitamin A
Du du Khang virus

2.1. Céc cay trong quan trong da duoc phat trién

= (Cay ngo

Hién nay, cdy ngd da dugc bién déi gen dé mang cac tinh trang
nhu khang con trung va chong chiu thudce diét co.

Dung phdi ngd trong nudi ciy dich huyen phu phat sinh phoi
dé tai sinh cac cdy hitu thu mang gen bar bién nap. Str dung phuong
phap ban gen va chon loc bang thudc diét co bialaphos da cho két

qua 1a m6 callus phat sinh cac phoi duoc bién nap gen. Cac cay bién
nap gen hiru thy da duogc tai sinh, 6n dinh di truyén va bi€u hi¢n gen
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bar cung vo&i hoat tinh chttc nang cua enzyme phosphinothricin
acetyltransferase quan sat dugc trong nhimng thé hé sau.

Gan day, cac két qua bién nap gen gian tiép & ngd nho
Agrobacterium ciing d3 duoc thong bao. Cac thé bién nap gen cia
dong ngb lai gan (inbredline) A188 dd duogc tai sinh sau khi dong
nudi cdy (cocultivation) giita binary vector’ v i phdi non. Tan s
bién nap duoc thong bao & dong A188 1a khoang 5-30%. Cac thé lai
thé hé thir nhat gitra dong A 188 va 5 dong lai gan khac dugc bién
nap véi tan s6 khoang 0,4-5,3% (tinh theo sb cdy bién nap gen doc
1ap/phoi).

= (Cay lua

Chuyén gen ¢ cay lua dang duoc tip trung vao tinh trang chong
chiu thudc diét co va san xuét vitamin A.

Két qua tai sinh cua cdy lua bién nap gen bang xung dién hoic
PEG thong qua nudi cdy protoplast duoc thong bao 1an dau tién cach
day khoang 10 nam. Cac nghién ctru sau do ciing dé su dung hai ky
thuat nay dé bién nap gen vao protoplast va phuc hoi cac cay bién
nap gen hitu thy. Tuy nhién, han ché ctia hai phuong phéap nay 1a
phai xay dung phuong thirc tai sinh cay tir t& bao don. Mic du céc
phuong thirc nay dang dung cho mot sb giéng laa thudc loai phy
japonica (vi dy: Taipei 309) nhung hau hét cac gidng japonica uu ti
cling nhu phan 16n cac giodng indica déu kho tdi sinh cay tur
protoplast.

Phuong phap ban gen cho phép thuc hién bién nap gen hiéu
qua & lta trong cac kiéu gen doc lap, va hién nay hon 40 gidng da
duoc bién nap gen thanh cong. Mau vat stir dung 1a phoi non va céc
callus c6 nguén goc tur hat truong thanh. Hygromycin B la marker
chon loc thuong duoc dung cho lua. Tan s6 blen nap co thé cao toi
50% (tinh theo s cay bién nap gen c6 ngudn gdc doc 1ap/sé mau
dugc ban gen). Gan day, ky thuat bién nap gen & lta théng qua

3 Binary vector: vector hai ngudn, 14 vector trudc hét dugc lip ghép vao trong té
bao E. coli sau d6 chuyén toan bd vao té bao Agrobacterium bang phuong thirc
giao phdi bd ba (triparental matting) dé né ty nhan lén va ton tai trong
Agrobacterium.
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Agrobacterium ciing da c6 nhitng cai tién quan trong c6 hiéu qua
twrong duong véi ki thuat bian gen.

Cay lta chi san sinh ra hop chat caroteoid duoc chuyén thanh
vitamin A trong nhiing by phan c6 mau xanh cua cay, tuy nhién
trong hat gao ma con nguoi van dung lai khong co hop chét nay.
Chinh vi thé sy thiéu hut vitamin A thudng xay ra & nhimng noi st
dung gao lam luong thyc chinh. Gao vang TM la moét loai ngli cde
chuyén gen c6 kha ning ning cao ham lugng vitamin A trong bira an
hang ngay. Loai gao ndy c6 kha ning san sinh va luu giit chat p-
carotene. No duoc dat tén 1a gao vang TM bdi vi ndi nhii (chét bot
bén trong cta hat gao) ctia né c6 mau vang nhat, do chit p-carotene
tao ra.

= (Cay dau tuong

béu tuong la mot loai cay trong 1au doi da duoc trong tai
Trung Quéc tir ndm 3. 000 trudc cong nguyen. Day la loai cdy chira
dau dem lai loi ich kinh té to 10n nhét trén thé gidi. Hat ddu twong co
chura ty I¢ amino acid khong thay thé nhiéu hon & ca thit, do vay dau
tuong 1a mot trong nhiing loai ciy trong lwong thuc quan trong nhat
trén thé gidi hién nay.

Pau twong duge bién doi gen dé mang cac tinh trang nhu kha
nang chdng chiu thude diét co va c6 ham luong oleic acid cao.

Nhiing ¢ ging dau tién & ciy dau tuong bién nap gen tap trung
0 vi€c tai sinh cdy tu protoplast va nudi cay dich huyen phu phat
sinh phoi. Mac du c6 nhimg thanh cong ban dau, tién trién cua cong
viéc ndy van con chdm va viéc thu hoi cac cay chuyén gen van dang
con gap nhiéu kho khin. Cong nghé chuyen gen ¢ dau tuong dé co
trién vong hon nho sy phat trién va t6i uu hoa cia k¥ thuat ban gen
(vi dan). Thyc té, dau tuong di dugc dung nhu mot cdy mo hinh dé
phat trién k¥ thut cho nhiéu loai cy trong kho 4p dung cong nghé
di truyén.

Két qua dau tién & dau twong 1a thu hdi thanh cong cdy chuyén
gen nho Agrobacterium. Phuong thirc nay dya vao su phat sinh choi
tr 14 mam cua gidng Peking chon loc cho tinh man cam v é6i
Agrobacterium. Cac m du 14 mam d woc xam nhi ém v i
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Agrobacterium man g plasmid khang kanamycin va c6 hoat tinh
gusA, hodc khang kanamycin va chng chiu glyphosate. Co thé bién
nap gen hiéu qua vao protoplast ddu tuong biang cac phuong thirc
thong dung nhung rat kho tai sinh dugc ciy.

Dé bién nap gen vao cac gidng dau twong khac nhau ngudi ta
d3 phdi hop hai yéu td: genotype don gian-phuong thuc tai sinh cay
doc 1ap (dva trén co so sy tang sinh ctia cum chdi tir vung chung
quanh mé phén sinh cta try phdi) véi sy ting gia tdc cua vi dan
(particle) co phong dién dé phan phdoi DNA ngoai lai. Hang tram cay
dau tuong c6 ngudn gbe doc 1ap da thu duoc va két qua bién nap da
cho nhiéu phenotype khac nhau.

N6i chung, cac dong dau twong chuyén gen c6 nhiéu ban sao
ctia gen bién nap (sb ban sao khoang tir 1-50 nhung thudng thay doi
tir 2-10). Phan tich Southern blot & thé hé sau cia cac ban sao gen
phuc cho thay tit ca cac ban sao cung tach roi, nhu thé mdi thé bién
nap so cép chi hién dién mot két qua bién nap doc lap va cé thé su
tai t6 hop thong nhit da khong xuét hién thudng xuyén.

= Cay bong

Cay bong la loai cay cung cap soi chu yéu, chiém t&i mot nira
sd lugng vai soi trén the gioi. Ngoai ra, mot lugng nho hat bong
duoc dung nhu mot nguon thuc pham, thirc an gia suc va dau an cho
con ngudi va vat nudi. Dau hat bong dugc tinh ché trude khi dung dé
loai bo chat gossypol doc hai cho ngu’(‘ri va ti€u hoa cua dong vat.

Phuong thirc bién nap gian tié ép thong qua Agrobacterium
tumefaciens la ky thuat dau tién duge str dung dé bién nap gen vao
cay bong glong Coker 312 (Umbeck 1987). Cay bong bién nap gen
cling cua giong trén da duoc thu hdi sau khi ban gen vao dich huyen
phu nuéi cay phat sinh phoi (Finer va McMullen 1990). Hau hét cac
giong bong ¢ gia tri kinh té khac khong thé tai sinh cdy tir giai doan
callus. Mot s it cac gidng do6 c6 thé tai sinh cdy nhung qué trinh nay
thién vé bién di dong vo tinh (somaclonal variation). Phuong thire
phan phéi gen ngoai lai tryc tiép vao trong mo phan sinh cua try
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phoi dya trén cong nghé “ACCELL™ ciing dugc phat trién va ngudi
ta d3 thu hdi thanh cong cay bién nap gen.

= Cay cai dau

Cay cai dau duoc bién dbi gen voi muc dich cai thién chét
lugng dinh dudng, dac biét la ham lugng chat béo hoa tan cia loai
cdy nay. Cay cai dau dyoc trong chu yéu ¢ cac vung phia tdy Canada
va mot it & Ontario va tdy bic Thai Binh Duong, {trung tdm phia bac
va ving dong nam nudc My. Ngoai ra, cdy cai dau cling duoc trong
& cac nudc khac cua chdu Au va Australia. Cay cai dau duoc bién
d6i gen mang cac tinh trang chéng chiu thudc diét co, c6 ham luong
laurate va oleic acid cao.

= Khoai tay

Khoai tdy dugc xem la cay luong thuc quan trong thu tu trén
thé gidi, v6i san luong hang ndm 1én dén 300 triéu tin va duoc trong
trén hon 18 tri€u hecta. Hién nay, hon mot phén ba san lugng khoai
tay trén thé gidi 1a cia cac nudc dang phat trién Sau khi Lién X0 tan
rd thi Trung Qudc tré thanh nude san xuat khoai tdy 16n nhét thé
gidi. An D6 ding thu tu. Mac du san lugng khoai tay tai chau Au di
giam xudng tr ddu nhitng nam 1960, nhung bu vao d6 san luong
khoai tdy & chau A va nam MY lai tang Ién vi thé san luong khoai
tay trén thé gidi van cang ngay cang tiang. Khoai tiy duoc bién do6i
gen mang cac tinh trang nhu kha nidng khang con trung va khang
virus.

= (Cachua

Ca chua duoc coi 1a loai qua vuon phd bién nhit hién nay. Ca
chua thuong rat dé trong va mot so6 giong da cho nhirng vu mua boi
thu. Chat lugng qua ca chua chin cay vuot xa tat ca nhitng loai qua
khac c6 mat trén thi truong tham chi trong cd mua vu. Cay ca chua

“ ACCELL Technology: cong nghé¢ phan phdi gen dya trén co so thay doi cuong
d6 phong dién thong qua giot nu6e nho vi vdy da tao ra mot su thay doi ap suat
khong khi rat 16n lam ting gia téc cua cac vién dan vang boc DNA.
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rat mém va thich hop vé6i thoi tiét 4m ap thé nén né thuong duoc
trong vao vu hé. Ca chua duoc bién ddi gen mang cac tinh trang nhu
kha ning chiu thudc diét co, khang vat ky sinh va lam cham qua
trinh chin cua qua.

Hinh 5.1: Ca chua chuyén gen khang vat ky sinh (bén phai) va ca
chua doi chirng (bén trai)

= (Caybido

Bi d6 mua he 1a mot loai qua mém va hop vé6i khi hau 4m ap,
duogc tréng ¢ nhiéu noi trén thé giéi. Bi d6 mua heé khac bi d6 mua
thu va mua dong & chd nd duoc chon thu hoach trudc khi vo qua
cung va qua chin. Khong moc lan nhu bi dé va bi ngé mua thu va
mua dong, bi d6 mua hé¢ moc thanh bui ram. Mot sb cay khoe va c6
sttc dé& khang t6t cho san luong kha cao. Bi do dugc bién d6i gen
khang virus dac biét 1a virus kham dua hdu (WMV) va virus kham
vang zucchini (ZYMV).

= Pudu

Du da 1a mot loai cay trong quan trong ¢ khu vyc Bong Nam
A, dugc dung 1am thiic dn phd bién trong cac ho néng dan san xudt
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nho va gia dinh cua ho. Hién nay, gidng du du chuyén gen khang
virus da dugc phat trién & cac nude thudoc khu vue Bong Nam A

Hinh 5.2 : Pu di chuyén gen khang virus (trén)
va du di di chirng (dwdi)
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2.2. Céc loai cay trong dang dugc phat trién

= Tao

Trén thé giéi hién co6 hon 6.000 loai tao. Tao 1a mot trong
nhiing loai trai cay duoc ua thich nhat khong chi boi huong vi thom
ngot ma no con rat tot cho suc khoe. Cac cugc nghién curu cho thay
an tao co thé giam dugc nguy co mac bénh ung thu, cidc bénh tim
mach va béo phi. Hién nay, tdo dang duoc nghién ctru bién doi gen
dé mang céc tinh trang nhu lam cham qué trinh chin va khang sau
bénh.

* Chudi

Trong so cac loai cdy trong nhiét doi, chudi rat duoc ua thich
do huong vi hép dan cta né. Ngoai ra, chudi con 1a mét loai trai cay
da dung, vi ngudi ta co thé ché bién thanh nhiéu san pham khac
nhau. Hién nay c6 khoang 1.000 loai chudi khac nhau, loai trai cdy
giau dinh dudng va khong co chét béo mnay c6 chira ham luong kali
va chét xo rat cao, va 13 ngudn cung cap vitamin C chéng oxy hoa.
Chudi dang dugc nghién ctru blen d6i gen dé mang céc tinh trang
nhu khéng virus, giun tron va nim va c6 kha ning 1am chin cham.
Chubi ciing 13 loai ciy du kién duoc dung lam vaccine thyc pham
(edible vaccine) dé phong chong nhiéu loai bénh dich khung khiép &
cac nudc dang phat trién.

= Dutra

C6 ngudn gbe tir Trung My va Nam My va dugc xem nhu loai
trai cay nhiét déi dugc ban rong rai nhat, chiém t&i 44% téng kim
ngach budn béan tréi cdy nhiét d6i. Tinh téi thang 1/2001, toan thé
gidi da tréng dugc khoang 12 triéu tAn dira. Trong vong 30 nim qua,
san luong dira hang nim trén thé giéi da ting 1én gip ba lan. Hién
nay, mot s to chirc nghién ctru dang tién hanh nghién ctu sy da
dang di truyén cta cdy dira. Bén canh d6, nguoi ta dang bién d6i gen
cdy dira dé ting kha ning khang siu bo va virus, va bo sung tinh
trang lam cham chin cuda cay.

= Khoai lang
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Khoai lang 1a mét loai cdy luong thuc dé trong nhung co6 vai
tro rat quan trong ¢ cac nudc dang phat trién. Trong nhitng diéu kién
vé khi hau bét loi va khong can dau tu nhiéu, san luong khoai lang
trén mot hecta c6 thé dem lai ngudn ning lugng va dinh dudng cao
hon bét ctr cay trong nao khac. Cay trong nay co thé phat trién trong
diéu kién kho han nhiéu thang lién. Khoai lang dang dugc nghién
ctru bién doi gen dé khang cac loai bénh virus pha hoai cdy (SPVD-
sweetpotato viral diseases).

= Dua

San pham c6 gi tri nhat ciia cay chinh 1 dau dira chiét xuat tir
cui dira. Hai nuéc san xuat ra nhiéu dau dira nhit 13 Indonesia va
Philippin véi san luong cui dira kho thu duge trong nim 1999 lan
luot 14 2,91 triéu tAn va 1,37 triéu tin. Ngoai ra, con c¢6 nhiéu nudc
trong dira & chau A, chau Phi, nam Thai Binh Duong, An D
Duong, nam My va ving Caribé. Chét 1am cho dau dura tré nén hip
dan nhu vay chinh 13 ham luong lauric acid cao. Nhu cu vé lugng
acid lauric cao vi n6 duoc sir dung dé 1am mut, dau an, my phém
chat tay, bo thyc vat, dau goi dau va xa bong. Do vdy, trén thé gidi
nhu cau vé dau dira luon ludn cao. Nganh cong nghiép ché bién dira
hién nay dang bi de doa do su phat trién ctia mot so loai cay trong
bién doi gen cho nhiéu dau, nhu hat cai dau. Viéc nghién curu thic
day phat trién san xudt dau dira ¢6 ¥ nghia v cing quan trong ddi
v6i nganh cong nghiép ché bién dira.

3. Tinh hinh cdy trong bién doi gen dwoc trong thirong mai trén toan
cau

Cho dén nay, dién tich cdy trong bién d6i gen (GM) trén toan
cau van tiép tuc gia ting & muc 12-15%. Trong giai doan 8 nim ké
tir nam 1996 t&i nam 2003, dién tich trong cdy GM trén toan cau da
ting gp 40 lan (tir 1,7 triéu ha/1996 1én 67,7 triéu ha/2003), trong
d6 dién tich trong ¢ cac nudc dang phat trién tang dang ké. Khoang
mot phan ba dién tich tréng cdy GM trén toan cau trong nam 2004
(twong duong 20 triéu ha) la dién tich trdng & cac nudc dang phat
trién, noi c6 murc ting 16n nhat.
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Trong giai doan 1996-2003, dac tinh chéng chiju thudc diét co
ctia ciy trong bién ddi gen van lién tuc giit vi tri hang dau, tiép theo
la dac tinh khang sau bénh.

Nam 2003, dic tinh chdng chiu thudc diét c6 duge trién khai
trén cdy dau tuong, ngo, cai dau (canola) va bong, chiém 73%
(49,7/67,7 triéu ha tong dién tich trong cay bién doi gen trén toan
cau), trong khi 12,2 tridu ha (18%) dwoc dung cho cay trong Bt.
Dién tich trong bdng va ngd co cac gen chéng chiu thudc diét co va
khang sau bénh tiép tuc tang, chlem 8% (5,8 triu ha) tang so voi 4,4
triéu ha cua nam 2002. Hai cay trong gitr vi tri hang dau trong nim
2003 la dau tuong chéng chiu thuoc diét co, dugc trong voi dién tich
41,4 triu ha chiém 61% trong tong dién tich toan cau va duoc trong
tai 7 nudc; va ngd Bt voi dién tich 9,1 tri€u ha, tuong duong voi
13% dién tich trong cdy bién d6i gen trén thé gidi va dugc trong tai 9
nudc.

Dién tich trong ngd Bt ting manh nhit 13 & My. Dang cha y 1a
trong nim 2004 Nam Phi d3 trong 84.000 ha ngd tring Bt dung 1am
thuc pham, ting 14 1an so voi lan dau tién khi loai ngd nay duoc gidi
thiéu & Nam Phi vao niam 2001. Dién tich trong ngd va bong
Bt/chdng chiu thudc diét co cling ting manh, cho thiy xu hudng cac
gen bién d6i chiém mot ty 1¢ 16n trong dién tich trong cay bién doi
gen trén pham vi toan cau.

3.1. Tiém nang dong gdp cua ciy trong bién d6i gen

Ly do thuyét phuc nhat dbi véi cong nghé sinh hoc ma cu thé 1a
cay trong bién doi gen d6 1a kha nang dong gép cua chung trong céc
linh vuc sau:

- Nang cao san luong cdy trong va do vy gop phan dam bao an
ninh luvong thyc, thire an gia suc va chat xo trén toan cau.

- Bao toan sy da dang sinh hoc do day 1a mdt cong nghé it ti€u
ton dat c6 kha ndng dem lai san lugng cao hon.

- Str dung mét cach c6 hiéu qua hon cac yéu té dau vao dap
ung y€u cau phat trién bén viing nong nghiép va moi truong

- Tang kha ning 6n dinh san xuat lam giam nhimng thiét hai
phai ganh chiu trong céac diéu kién kho khan.
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- Cai thién céc loi ich kinh té va xa hoi va loai bo tinh trang d6i
nghéo & cac nudc dang phat trién.

Kinh nghiém trong 8 nam dau tién tir 1996-2003, trong d6 tong
dién tich trén 300 triéu ha cdy trong bién d6i gen d3 duoc trong tai
21 nuéc trén toan cau, di dap Gmg sy mong moi cua hang triéu ho
noéng dan 16n va nho ¢ ca cac nude cong nghiép va dang phat trlen
Nam 2003, da cé bang chtng cho thiy ciy trong GM duoc trong
thuong mai hoa tlep tuc dem lai cac loi ich dang ké vé& mat kinh té,
moi trudong va xa hdi cho cac ho nong dan 16n va nho & cac nudce
dang phat trién, dién tich trong cdy bién ddi gen trén toan cau tiép
tuc tang trén 10%, murc tang hang ndm Ia hai con sO. S6 ho nong dan
thu lgi tir cdy trong GM ngay cang nhiéu va dat 7 triéu ngudi nim
2003, tang so voi 6 triéu cia nam 2002. Dang chu y la trong nam
2003, trén 85% trong tong s6 7 triéu nguoi trong nay thu loi tir cay
trdng GM 1a cac ndng dan nghéo trong bong Bt, chu yéu ¢ 9 tinh cua
Trung Quéc va ndng dan nghéo & Makhathini Flats, thudc tinh
KwaZulu Natal ctia Nam Phi.

3.2. Tri gi4 ciy trong bién ddi gen trén toan cau

Nam 2003, tri gia thi truong cdy trong bién d6i gen trén toan
cau udc tinh dat tir 4,5 toi 4,75 ty dola, tang so voi con s6 4 ty dola
nam 2002, chiém 15% trong téng tri gia 31 ty dola thi truong bao vé
ciy trong trén toan cau va chiém 13% trong téng tri gia 30 ty dola thi
tru:(yng hat glong toan cau. Trl gia thi tru:ong cay trong GM trén toan
cau dya trén gia ban hat giong bién doi gen cong voi bat cir khoan
chi phi céng nghé ap dung nao khac. Gi4 tri thi truong cdy trong GM
trén toan cau du kién dat 5 ty dola hoac hon thé nira vao nam 2005.

3.3. Nhan dinh vé ciy trong GM va trién vong clia ching trong
tuong lai

Mic du nhiing tranh cii vé cay trong bién do6i gen hién dang
tiép tuc dién ra & Lién minh chau Au nhung nguoi ta van lac quan
tin rang dién tich va s6 ngudi trong cay bién d6i gen trén toan cau s¢
tiép tuc gia ting trong nhimg nim sau d6. Vi tit ca nhitng yéu t6
hién c6 thi dién tich trong cdy GM trén toan ciu trong vong 5 nim
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t6i du kién sé dat khoang 100 triéu ha, va sb nguoi trong sé tang lén
10 triéu nguoi ¢ 25 nudce hodc hon nira. S6 luong va ty 1& cac ho gia
dinh nho tir cac nude dang phat trién trong cdy GM so vdi toan cau
du kién s& ting manh. Cac nudc da trong cay trong GM s& tiép tuc
tang dién tich trong va sé luong cac san pham cdy trong GM trén thi
truong s€ da dang hon. Cac nudc méi trong cdy GM & nam Ban ciu
nhu An D0, Brazil di ting dién tich trong bong Bt va dau tuong
chdng chiu thubc diét co. Mot sé nude nhu Uruguay ciing di chudn
y cac san pham méi nhu ngd GM, loai ngd nay ciing da duoc trién
khai trong & cac nude khéc.

Céc san pham chuyén gen mang ddc tinh moi gop phan tao ra
sy tang truong 6n dinh, bao gébm gen Bt (crylAc va cryl Ab) ¢ bong
va hai dic tinh méi duoc dua vao ngd & Biac My 1a gen cry3Bbl
dung dé kiém soat sau duc than ngd va gen crylFa2 dung dé kiém
soat tot hon cac sdu bo canh phan déu duoc gidi thidu & My trong
nam 2003. Ngoai ra, cic san pham Bt méi va gen méi d6i véi ngd
khang con trung du kién s& duoc dua ra trong vong 3 nam to1. Do
vay, dién tich trong ngo bién doi gen trén toan cau voi tinh trang
khang con trung va chéng chiu thudc diét co ciing nhu cac déc tinh
téng hop co thé s€ tang dang ké trong thoi gian ngan t6i day. Voi
viéc chudn y trong dau tuong bién d6i gen ¢ Brazil trong vu
2003/2004, dién tich trong dau tuong bién doi gen trén toan cau du
kién s& c6 mirc tang truong cao méi trong thoi gian téi.

Niam 2003, ba nudc dong dan nhat & chau A 13 Trung Quéc, An
Po va Indonesia (tong dan sd 1a 2,5 ty ngudi va GDP cia ca ba
nuée 13 trén 1,5 nghin ty dola), ba nén kinh té 16n & chau My La-tinh
la Argentine, Brazil va Mexico (dan s6 14 300 triéu nguoi va GDP 1a
1,5 nghin ty dola) va nén kinh té 16n nhét chau Phi 1a Nam Phi (dan
s6 45 triéu nguoi va GDP 1a 130 ty dola) tat ca da chinh thuc trong
cdy trong bién doi gen. Toéng sb dan cia nhitng nude trén 1a 2,85 ty
nguoi voi GDP 1a trén 3.000 ty dola, day 1a nhitng ngudi nhan dugc
cac loi ich dang ké ma céy trong bién d6i gen dem lai.

Mudi nudc trong cy bién doi gen ding dau thé gioi, m01 nude
trong it nhat 50.000 ha trong nam 2003, c6 tong dan sb xdp xi 3 ty
ngudi, gan bang mot nira dan sd thé gidi va GDP 1a 13 nghin ty dola,
khoang mot nira mitc GDP ciia toan cau 1a 30 nghin ty dola. Trong
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nam 2003, cdy trong b1en d6i gen duoc trong ¢ 18 nudce voi téng sd
dan 1a 3,4 ty nguoi, song & 6 chau luc & mién Bic va mién Nam Ban
cau 1a chau A, chau Phi, My La-tinh, béc MJ, chau Au va chau Dai
Duong. Do vy, méc du van con nhimng bat dong vé cdy trong blen
d6i gen nhung dién tich va sO luong nguoi trong loai cdy nay mdi
nim van tiép tuc ting hai con sb hoic hon thé ké tir khi ching duoc
gi61 thi€u vao nam 1996, va nam 2003 c6 7 triéu nong dan da thu loi
tor cong ngh¢ nay.
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